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Abstract 

Impulsivity is a multi-faceted construct comprised of lack of premeditation, urgency 

related to negative affect, sensation seeking and lack of perseverance with difficult tasks 

(Whiteside & Lynam, 2001). Impulsivity is also a key risk factor for recidivism (Andrews 

& Bonta, 2010), and particularly relevant to adolescent behaviour (Hirschi & Gottfredson, 

1983; Steinberg, 2007). An understanding of dynamic risk factors that are amenable to 

change, such as impulsivity, is important for risk management and intervention (Douglas 

& Skeem, 2005). Prior research has typically relied upon self-report questionnaires, but 

performance-based measures that focus on completing a specific task may provide 

unique information on impulse control (Reynolds, Penfold, & Patak, 2008), and conduct 

problems (Mathias, Marsh-Richard, & Dougherty, 2008). Minimal research has 

compared different measures of impulsivity in adolescent populations, or examined 

whether dynamic change relates to outcomes.  

The purpose of this study was to examine whether self-report (Eysenck Junior 

Impulsiveness Scale; EJIS; Eysenck, Easting & Pearson, 1984) and performance-based 

(GoStop Impulsivity Paradigm; GoStop; Dougherty, Mathias, & Marsh, 2003b) measures 

of impulsivity related to each other, changed over time, and whether change differentially 

predicted reoffending and violence. Participants were 107 adolescents (35 females) 

between ages 12 and 18 who were supervised on community probation orders. Youths 

completed questionnaires during semi-structured interviews with a 6-month interval. 

Recidivism was measured through self-report and official records.  

Results indicated that the two impulsivity measures were not associated, but both 

predicted prospective outcomes of reoffending, aggression and violence. GoStop scores 

significantly contributed to the prediction of recidivism, even after controlling for EJIS and 

age of first arrest, supporting the notion that performance-based impulsivity measures 

provide complementary information to self-report.  

Group-level changes were non-significant, but intra-individual changes were observed 

for a small group of youths over the 6-month follow up period. Lower reported physical 

victimization, substance use, and negative affective states, including anger and 

depression/anxiety, were associated with gains in impulse control. Change scores 

predicted self-report and official records of general and violent reoffending at 6- and 12-

month follow ups. Thus, both self-reported and performance-based impulsivity are 

relevant to outcomes of reoffending and violence among justice-involved youths. 
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Chapter 1.  
 
General Introduction 

1.1. Impulsivity and Aggression during Adolescence 

Broadly, violence and aggression can be defined as any behaviour with the 

purpose of harming others, which can include actual, attempted or threatened harm 

(Douglas, Hart, Webster, & Belfrage, 2013). Offending and violence are germane to the 

developmental period of adolescence for several reasons. Adolescence and early 

adulthood mark a period of heightened engagement in offending and violent behaviour. 

Research across different countries has shown that the rates of offending, particularly 

violent offending, peak during adolescence and early adulthood (i.e. Hirschi & 

Gottfredson, 1983). Examining homicide statistics in Canada, there are higher homicide 

rates committed by both males and females between the ages of 18 and 24, a pattern 

that has remained consistent over the past decade (2004 to 2014; Miladinovic & 

Mulligan, 2015). Additionally, males under the age of 25 are disproportionately at risk of 

being a victim of a homicide in comparison to males in other age groups or females 

(Miladinovic & Mulligan, 2015).  

Impulsivity as part of an antisocial personality pattern has been included as 

among the most important risk factors (“big four”) for recidivism based on Andrews and 

Bonta’s (2010) influential work in the field of forensic treatment. Further to this, several 

theories focus on explaining how impulsivity may be especially relevant to adolescent 

antisocial behaviour. Impulsivity has been defined as decreased tendencies toward 

evaluating situations and regulating urges before acting (Cauffman & Steinberg, 2000), 

and is recognized as a multifaceted construct consisting of underlying factors such as 

lack of planning, reactive response to negative emotion, and sensation seeking. This 

construct was a cornerstone to a major criminological theory posited by Gottfredson and 
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Hirschi (1990), the General Theory of Crime, wherein deficiencies in self-control lead 

adolescents toward antisocial behaviour for a variety of reasons, including a preference 

for immediate gratification and reduced planning. A meta-analysis of ten years of studies 

examining this theory suggested that self-control was a key factor that specifically 

increased criminal activity, and generally increased risk for other similar antisocial 

behaviour (Pratt & Cullen, 2000).  

Working from a developmental perspective, Steinberg (2007, 2008; Shulman et 

al., 2016) proposed a dual systems model to explain the rise in aggression during 

adolescence. The dual systems model involves the socio-emotional system, associated 

with the limbic brain structures, as well as the cognitive control system, located in the 

lateral prefrontal and parietal cortices. According to this model, heightened risk taking 

during adolescence can be explained by this model through the divergent development 

of associated neurobiological systems, wherein maturation of the socio-emotional 

system is not fully coordinated with maturation of the cognitive control system, resulting 

in heightened reward-sensitivity in the absence of necessary advanced self-regulation. 

During this period, heightened risk taking may include a variety of behaviours, including 

criminal behaviour (theft, assault, and drug sales), reckless driving, unprotected sex, and 

substance abuse (Steinberg, 2007). Moreover, this theory has been supported by an 

advancing field of neurological research on developmental brain changes across the 

lifespan. For instance, significant remodelling of the dopaminergic system during puberty 

indicates changes in reward perceptions (Sisk & Zehr, 2005; Sinclair, Purves-Tyson, 

Allen, & Weickert, 2014), while structural and functional changes to the prefrontal 

regions, largely responsible for impulse control and planning, continues into adulthood 

(Davies & Rose, 1999; Gogtay et al., 2004; Satterthwaite et al., 2013). Recent work has 

found associations between ongoing development of frontostriatal networks and 

improved cognitive control and performance on inhibition tasks with age (Vink, et al., 

2014). One meta-analysis of imaging studies of adults identified an overall association 

between antisocial behaviour and significantly reduced structure and function in the right 

orbitofrontal cortex, right anterior cingulate cortex, and left dorsolateral prefrontal cortex 

(Yang & Raine, 2009). Steinberg’s theory, in combination with neurological evidence, 

suggests that underlying neurological factors that influence impulsive tendencies likely 

play a role in the heightened risk for violence during adolescence.  
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Also working from a developmental perspective, Moffitt (1993) proposed a theory 

of developmental taxonomies to explain the increase in antisocial behaviour during 

adolescence. Moffitt’s research identified two groups of youths who engaged in 

antisocial behaviour; youths classified as life-course persistent engaged in antisocial 

behaviour from a young age, and continued this behaviour into adulthood, whereas 

those identified as adolescent limited increased their antisocial behaviour during the 

adolescent period only. Moffitt explained the differences between these groups through 

the presence of underlying neurological factors that influenced aggression. Among the 

persistent group, the neurological underpinnings for an increased risk for violence, 

including structural and functional differences influencing impulsivity and attention, were 

hypothesized to be present from an early age, whereas the experimentation with “adult” 

social roles was proposed as the explanation for adolescent-limited antisocial behaviour. 

In this model, Moffitt combines findings across biological and social psychology to 

explain the role of impulsivity and aggression during adolescence. A more recent 

examination of developmental trajectories has identified more than these two forms, and 

noted that most antisocial behaviour desists in adulthood (Piquero, 2008). Recently, 

increasing research suggests that neurological factors may also influence adolescent-

limited antisocial behaviour (e.g. Fairchild et al., 2011) in addition to lifecourse persistent 

antisocial behaviour, which suggests that the neurological underpinnings associated with 

impulsivity may play a key role in antisocial behaviour across both groups of 

adolescents. 

Finally, personality theorists suggest that specific individual differences may 

increase a person’s likelihood of engaging in a particular behaviour. In a theory of 

criminality, Eysenck (1997) suggested that traits from his three-factor personality model, 

which includes superfactors Extraversion, Neuroticism and Psychoticism, related with 

antisocial behaviour and propensity toward crime (Eysenck, 1997; Saklofske, 

McKerracher, & Eysenck, 1978). In his most updated model, impulsivity was a trait under 

the Psychoticism superfactor, which Eysenck (1997) reported has been associated with 

antisocial behaviour “in about every study… for children, youths and adults in equal 

measure” (pp. 24). Eysenck proposed that other personality factors that relate with 

reduced responsivity to conditioned learning, such as reward-sensitivity or non-

avoidance of negative consequences that fall under the multifaceted impulsivity 
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construct, would also relate with criminal behaviour (Eysenck, Eysenck, & Barrett, 1984). 

Also, the emotional instability aspect of the Neuroticism factor, which links with impulse 

control related to negative affective states, was included as a personality factor 

contributing towards criminal behaviour. In an examination of Eysenck’s theory, 

Carrasco, Barker, Tremblay, and Vitaro (2006) found that impulsivity, as measured by 

the Psychoticism factor, was most strongly associated with self-reported antisocial 

behaviour that persisted over adolescence. Other research identified an association 

between the impulsivity and aggressiveness traits and hormones, including monoamine 

oxidase levels that play a role in the degradation of dopamine and serotonin (Eysenck, 

1992). In summary, evidence from several theoretical orientations, including 

criminological, developmental and personality theory, converges to suggest that the 

increased rates of aggression observed during adolescence and early adulthood may be 

linked with impulsivity. 

Finally, while impulsivity and aggression have been conceptually linked, there are 

significant inter-individual differences that must be considered. Gender can have 

important implications on the manifestation of both impulsivity and aggression. National 

crime statistics show a clear pattern of fewer crimes committed by females than males; 

for instance, in 2014, rates of committing a homicide were seven times higher for young 

males under the age of 25 than females (Miladinovic & Mulligan, 2015). Gottfredson and 

Hirschi (1990) addressed gender differences in their General Theory of Crime, 

hypothesizing that low self-control remained the primary impetus behind antisocial 

behaviour regardless of gender, but females as a group may be less likely to experience 

high levels of impulsivity, thereby decreasing the rates of engagement in criminal 

behaviour. Some developmental and neurobiological research supports this hypothesis. 

In normative samples overall, females tend to score lower on different measures of 

impulsivity (d’Acremont & Van der Linden, 2004; Kochanska, Murray, & Harlan, 2000). 

Examination of developmental patterns suggests that girls begin to refine their impulse 

control skills at an earlier age than boys during childhood (Rafaelli, Crockett, & Shen, 

2005; Murphy, Eisenberg, Fabes, Shepard, & Guthrie, 1999; Stifter & Spinrad, 2002). 

Neurobiological studies have found sex-dimorphic patterns of activation in the frontal 

brain regions of females in comparison to males in response to motor inhibition tasks 
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(Rubia, et al., 2013). However, other work with personality questionnaires found limited 

differences across genders in a normative sample of youths (Eysenck et al., 1984).  

Gottfredson and Hirschi (1990) also postulated on the observed gender 

differences in rates of aggression and crime as being related to social factors, such as 

differences in parental monitoring, or differences in responsibilities in the family and 

around the home. Poor parental attachment was a stronger predictor of violence in 

female offenders than males (Alarid, Burton, & Cullen, 2000). Furthermore, it may be the 

case that females display aggression in different ways than males. For instance, females 

may be more likely to engage in aggressive behaviours in the context of relationships in 

comparison to boys (Lee et al., 2010), which may be less likely to result in official 

charges.  

Additionally, developmental stage and age are also important factors to consider 

in impulsivity and aggression. As previously discussed, impulsivity is a developmental 

construct, and has been shown to improve with increasing age, particularly from 

childhood to early adulthood (Steinberg et al., 2008). Findings from neurological studies 

also suggest that the underlying brain regions associated with impulse control continue 

to develop into early adulthood (Giedd, 2008; Sinclair et al., 2014), further supporting the 

notion of a change in abilities with age. Additionally, the manifestation of aggression can 

change with age; this notion is also borne out in the General Theory of Crime, which 

postulates that age differences in crime rates reflect social factors, such as reduced 

parental monitoring and increased contact with peers (Gottfredson & Hirschi, 1990). 

Age-related changes may also reflect more opportunities, resources (financial and 

material), and personal freedoms that come with older age (Shulman et al., 2016). For 

instance, males are more likely to engage in violence towards others in later 

adolescence than in early adolescence (Marcus & Jamison, 2011). Importantly, some 

work with youths who have committed serious criminal offences found that impulsivity 

did not change with age, and was an extremely robust predictor of general and violent 

recidivism across ages (Leverso, Bielby, Hoelter, 2015). 
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1.2. Purpose of the Project 

The overarching purpose of this dissertation is to investigate the relationships 

among impulsivity, violence, and recidivism in a sample of justice-involved youths. This 

dissertation is divided into two studies presented sequentially. Although presented as 

separate papers, similar measures and analyses are used. In some instances, the 

reader will be referred to a previous section. The first study (Chapter 2) examines the 

relationship between two different measures of impulsivity and compares the predictive 

validity of these measures for violence and reoffending. The second study (Chapter 3) 

examines impulsivity as a dynamic risk factor by measuring change over time, identifying 

possible underlying mechanisms of change, and examining whether changes in 

impulsivity predict future violence and reoffending. A shared limitations and conclusions 

chapter is included at the end. 
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Chapter 2.  
 
Predictive Validity of Self-Report and Performance-
Based Impulsivity Measures in Justice-Involved 
Youths 

2.1. Introduction 

In comparison to other developmental stages, the risk for aggression and 

antisocial behaviour is heightened during adolescence, according to several theories 

such as the General Theory of Crime (Gottfredson & Hirschi, 1990), Steinberg’s Dual 

Systems Model (2007; 2008), and Eysenck’s Theory of Criminality (1997). These 

theories propose that impulsivity, through various mechanisms, may play a key role in 

the manifestation of antisocial behaviour. However, this field of research has been 

clouded by the difficulty of defining impulsivity, as it is a multifaceted construct, as well 

as the use of different but related measurement methods that may confuse interpretation 

and comparison of results across studies. For instance, the construct of impulsivity has 

been conceptualized in a variety of ways in the literature, including acting without 

considering consequences, a preference for smaller, more immediate rewards over 

larger, delayed rewards, a reduced capacity for persisting in difficult tasks, and a 

preference for novel and exciting experiences (Whiteside & Lynam, 2001). 

Traditionally, the construct of impulsivity has predominantly been assessed 

through self-report questionnaires. Some exceptions would include several 

neuropsychological performance-based tasks, such as the Tower of London (Culbertson 

& Zilmer, 1999) and Wisconsin Card Sorting Task (Heaton, Chelune, Talley, Kay, & 

Curtis, 1993). In some studies with youths, caregiver or teacher reports are also 

collected, or third-party behavioural observations are recorded (e.g., number of minutes 

the participant resisted eating a food item; White et al., 1994; Moffitt et al., 2010), but this 
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is relatively rare. Currently, there are a number of novel computerized performance-

based tools that help to address the various facets of impulsivity. Therefore, it is 

important to understand the aspects of impulsivity that self-report questionnaires and 

performance-based tools purport to measure. This section will summarize differences in 

how self-report and behaviour-based measures examine facets of impulsivity, and how 

those facets relate with outcomes of antisocial behaviour and aggression. 

2.1.1. Self-report tools 

Personality researchers, such as Eysenck, described impulsivity as a propensity 

toward low self-control arising from individual differences in biological arousal systems 

and hormones (Eysenck, 1997), a conceptualization that minimally considered 

environmental influences or possible change to traits over time.  Similarly, Barratt 

conceptualized impulsivity as the inability of a behavioural control system to conform 

behaviour to its context or consequences, but hypothesized that this difficulty was based 

upon a combination of genetic, physiological, cognitive, behavioural, and environmental 

influences (Barratt & Patton, 1983).  In the developmental literature, impulse control or 

effortful control is an aspect of the psychosocial maturity construct of temperance, and is 

defined as the skills and tendencies toward evaluating situations before acting and 

regulating urges to take immediate action (Cauffman & Steinberg, 2000). This 

conceptualization emphasizes the role of developmental changes over time, as the 

construct is associated with the development of psychosocial maturity through 

childhood, adolescence and into adulthood.  

According to its authors, the widely-used Barratt Impulsiveness Scale measures 

three aspects of impulsivity, including the inability to focus attention and tendency to 

make quick decisions (Attentional), the tendency to act without much thought (Motor), 

and an aversion to making plans for the future (Nonplanning; Patton, Stanford, & Barratt, 

1995). However, researchers were not able to replicate this factor structure with 

populations of adult offenders (Ruiz, Skeem, Poythress, Douglas & Lilienfeld, 2010), and 

adolescent males (von Diemen, Szobot, Kessler, & Pechansky, 2007), suggesting that 

there may be other ways to conceptualize the multiple factors of impulsivity in high-risk 

populations.  
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Although the construct of impulsivity can encompass many concepts, several 

questionnaires attempt to distinguish impulsivity from sensation seeking, which is the 

tendency to enjoy and seek out novel and exciting experiences. For instance, Eysenck 

and Eysenck (1963) originally conceptualized impulsivity as an aspect of the higher-

order personality trait of extraversion; after further analyses, they determined that the 

overarching construct of impulsivity was comprised of two correlated but distinct factors: 

impulsiveness loading onto the Psychoticism factor, and venturesomeness (related to 

sensation seeking) loading onto the Extraversion factor (Eysenck & Eysenck, 1978). 

These two traits were differentiated on the awareness of risks, as it was proposed that 

while venturesome individuals consciously seek out experiences that involve risks, the 

“tough-minded” impulsive individuals act with little consideration for possible 

consequences (1984, p. 315). In alignment with this theory, Eysenck and Eysenck 

(1984) developed distinct Impulsiveness and Venturesomeness scales to comprise the 

Junior I7 questionnaire, and worked with Zuckerman to develop the Sensation Seeking 

Scale to examine this construct further (Zuckerman, Eysenck & Eysenck, 1978). 

Sensation seeking and venturesomeness are often considered to be related, as they 

both involve the pursuit of experiences that involve risk.  Additionally, Steinberg and 

colleagues compared impulsivity and sensation seeking across different age groups, and 

found that the two constructs showed distinct patterns of change through adolescence 

and into adulthood. Steinberg’s Dual Systems Model reflects this conceptualization of 

the two as distinct, but related constructs.  

In an attempt to develop a more comprehensive understanding of the 

overarching construct of impulsivity, Whiteside and Lynam (2001) conducted a factor 

analysis with several widely used adult self-report measures, including the Barratt 

Impulsiveness Scale, the Eysenck I7 Questionnaire, and Zuckerman’s Sensation 

Seeking Scale. The authors identified four major factors to describe the overarching 

construct of impulsivity, including the infrequent careful thought and planning before 

taking action (Lack of Premeditation), the tendency to engage in regrettable actions 

based upon intense negative affect (Urgency), the tendency to pursue excitement and 

adventure (Sensation Seeking), and the inability to tolerate boredom and remain with a 

task until its completion (Lack of Perseverance). Several scales loaded onto the primary 

impulsivity factor, Lack of Premeditation, including the Eysenck I7 Impulsiveness 
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subscale, and the Barratt Nonplanning and Motor Impulsivity subscales. However, the 

Eysenck I7 Venturesomeness subscale loaded most highly onto the Sensation Seeking 

factor, providing further support for the notion that these two concepts may represent 

different underlying mechanisms. Thus, it appears that many self-report measures focus 

on impulsivity as a measure of reduced planning and consideration for consequences 

before taking action. 

2.1.2. Self-report impulsivity & violence 

In addition to theoretical relationships described above, numerous research 

studies have demonstrated strong links between the construct of impulse control and 

antisocial behaviour during adolescence. For instance, a recent large-scale longitudinal 

study with 14 to 18-year-old youths who had committed serious offences found that each 

one-unit increase on the impulsivity scale increased risk for recidivism over a 6-month 

period by 37-55% (Leverso et al., 2015). In a similar vein, one meta-analysis found that 

increased impulsivity at ages 14 and 16 more than tripled the risk for violence at age 18 

(Hawkins et al., 1998). In a sample of community and incarcerated male youths, 

Modecki (2008) found that self-control was significantly lower in adolescent males who 

reported engaging in more delinquent behaviour, regardless of whether they had been 

involved with the justice system. Higher impulsivity on a personality inventory scale was 

predictive of delinquency at an 18-month follow up, including increased self-reported 

antisocial behaviour, time spent in detainment, and less prosocial activity (Vitacco, 

Neumann, Robertson, & Durrant, 2002). Finally, one study found significantly higher 

scores on the Eysenck Impulsiveness Scale among male youths who had received a 

diagnosis of conduct disorder and were in custody, in comparison to a matched sample 

of community youths (Daderman, 1999).  

Furthermore, deficits in impulse control have been identified as a distinctive 

characteristic of youth who are at risk for continued criminal activity over the lifespan. 

One longitudinal study followed a community sample of males from childhood to middle 

adulthood, approximately from ages 8 to 42, and categorized their long-term offending 

patterns (Pulkkinen, Lyyra & Kokko, 2009). Participants who persisted in their antisocial 

behaviour into adulthood evidenced significantly higher self-reported disinhibition, 



 

11 

impulsiveness, sensation seeking and risk-taking on personality questionnaires 

completed during adulthood. A more specific evaluation of psychosocial maturity into 

adulthood among juvenile offenders found that youths who showed gains in impulse 

control over time also desisted from their offending behaviour (Monahan, Steinberg, 

Cauffman, & Mulvey, 2009b). In contrast, youths who persisted in their antisocial 

behaviour showed significant declines in impulse control over time, suggesting a link 

between the inability to regulate impulses and urges and the continued engagement in 

antisocial behaviour into adulthood. A recent update to this study also showed different 

rates of development of psychosocial maturity between youths who desist and youths 

who persist in antisocial behaviour over time (Monahan, Steinberg, Cauffman, & Mulvey, 

2013). Regardless of whether youth desisted from antisocial behaviour in early or late 

adolescence, both showed a similar, positive trajectory to psychosocial maturity, but 

persisting youth demonstrated diminished development of the psychosocial maturity 

constructs, including impulsivity. 

2.1.3. Performance-based tools 

In contrast to self-report, it has been suggested that alternative, performance-

based measures address different aspects of the construct of impulsivity, and thus may 

complement the use of self-report measures. Performance-based measures represent a 

large group of tools wherein the scores reflect performance on a particular task that is 

administered by the interviewer (e.g., errors when sorting cards), rather than self-

descriptions provided through questionnaires. Performance-based tasks may impart 

some advantages to self-report, as they may be less impacted by response styles, social 

desirability, impaired/poor memory or reduced capacity for personal insight (Mathias et 

al., 2008; Dougherty, Mathias, & Marsh, 2003c). Some examples of commonly used 

performance-based measures are the Wisconsin Card Sorting Task (Heaton, et al., 

1993), the Tower of London (Culbertson & Zilmer, 1999), Conner’s Continuous 

Performance Task (Conners, 2014), or any type of behavioural observation.  

Researchers have suggested that performance-based tasks generally assess 

three aspects of impulsivity, including disinhibition, as measured by the failure to inhibit a 

response or premature responding, delay discounting, as measured by the preference 
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for a smaller reward sooner over a larger reward later, and consequence insensitivity, as 

measured by persisting with a response despite punishment or non-reinforcement 

(Dougherty, Mathias, & Marsh, 2003c). Other work with adolescents suggests that 

inattention may also represent another aspect of impulsivity that is addressed by 

performance-based tasks (Reynolds et al., 2008), however this factor was not identified 

in adult samples (Reynolds, Ortengren, Richards, & de Wit, 2006). Overall, studies that 

have examined the factor structure of performance-based impulsivity measures suggest 

that the disinhibition factor is found across age groups, including children (Murray & 

Kochanska, 2002), adolescents (Reynolds et al., 2008), and adults (Dougherty et al., 

2009; Lane, Cherek, Rhoades, Pietras, & Tcheremissine, 2003; Reynolds et al.,  2006). 

Thus, performance-based tasks that address the aspect of disinhibition may provide 

unique information on impulsivity that could be developmentally relevant across the 

lifespan.  

Moreover, several lines of research suggest that, in general, performance-based 

measures may provide unique information that cannot be obtained with self-report 

questionnaires. The strongest evidence for this assertion is the fairly consistent finding 

that scores on self-report and performance-based tasks are not highly related in adult or 

adolescent samples; correlations range between non-significant to low-moderate in size 

(Carroll et al., 2006; Fine, Steinberg, Frick, & Cauffman, 2016; Lane, Carter, Pierson, & 

Glaeser, 2006; Reynolds et al., 2006; Reynolds et al., 2008; White et al., 1994). 

Researchers have viewed this pattern of findings as an indication that although these 

tools are conceptually linked, they may assess separate aspects of impulsivity. 

Additionally, examining the construct validity of impulsivity may reveal the unique 

contributions of performance-based tasks.  However, and perhaps in accordance with 

the diverse conceptualizations of impulsivity, there has been less clarity in this research. 

Overall, studies with adults have found that performance-based tasks represent factors 

that are distinct from self-report measures, though there is also overlap (Murray & 

Kochanska, 2002; Meda et al., 2009).  

In reviewing the literature, it does not appear that the factor structure of 

impulsivity has been assessed extensively using a broad range of tools in adolescent 

samples.  In one study with 12- to 13-year old males, White et al., (1994) conducted a 
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comprehensive evaluation of the factor structure of impulsivity. They included a broad 

variety of impulsivity measures, including self-reports, parent and teacher ratings, 

behavioural observations in the laboratory, and the scores on a variety of computerized 

and non-computerized performance-based tasks. Results suggested the presence of 

two factors, with one factor representing disinhibited and under-controlled behaviour that 

was comprised of self- and collateral-reports and behavioural observation scores, and a 

second factor representing effortful and planful cognitive performance that was 

comprised of performance-based measures. As the performance-based measures of 

impulsivity loaded onto a factor that was separate from self-report measures, this factor 

structure provides further evidence that performance-based measures may provide 

unique information about impulsivity. 

2.1.4. Performance-based impulsivity & violence 

Although the majority of research on offending and antisocial behaviour has 

employed self-report measures of impulsivity, increasingly more studies are integrating 

performance-based measures of impulsivity into the methods to examine antisocial 

behaviour in adolescent samples. The majority of these studies focus on comparing 

scores across groups of antisocial and normative youths, and less attention has been 

paid to performance-based measures as predictors of violence or reoffending over a 

long-term period. In particular, disinhibition has been isolated as a highly relevant 

impulsivity factor that may increase risk for aggression, as it is the process of 

suppressing or restraining an action, particularly where there is a strong urge or once it 

has been initiated (Aron, Robbins, & Poldrack, 2004). Disinhibition can be measured by 

several performance-based measures that require the participant to make rapid 

decisions to respond or withhold a response based on contextual information. One such 

task is the Go-Stop Impulsivity Paradigm (GS; Dougherty et al., 2003b), where 

participants must respond when they are presented with matching numbers (go/no stop 

cue), but inhibit their response if the matching numbers change colour from black to red 

(stop cue). Errors of commission are indicative of lower response inhibition abilities, and 

thus heightened impulsivity. Various other similar ‘stop tasks’ are employed by 

researchers to examine disinhibition and impulsivity, and several studies have examined 

these measures in the context of antisocial behaviour. 
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One such study compared the performance of youths hospitalized for disruptive 

behaviour disorder, who engaged in problematic behaviours such as aggression, theft, 

and fire setting, with that of normative youths (Dougherty, Mathias, Marsh, & Jagar, 

2005). Youths with a history of disruptive behaviour displayed more impulsivity on the 

GoStop task than controls. Moreover, along with another rapid-decision task, the GoStop 

task showed greater sensitivity to group differences than other performance-based tasks 

that were reward-oriented. Carroll and colleagues (2006) administered a variety of 

impulsivity measures to 15-year old incarcerated Australian youths, including a similar 

measure of disinhibition, the Stroop Colour-Word Task. They identified significant 

differences between incarcerated youths and demographically-matched community 

youths, wherein delinquent youths had greater difficulty with the task. However, this task, 

along with several other performance-based and self-report measures, was not able to 

differentiate between early- and later-onset offending. Other researchers found that 

performance on response disinhibition at age 14 was associated with conduct disorder 

symptoms over a two-year follow up period (Castellanos-Ryan, Rubia, & Conrod, 2011). 

In an examination of several performance-based tasks, Mathias et al., (2008) found that 

adolescents meeting diagnostic criteria for childhood-onset conduct disorder had 

significantly higher scores on the GoStop task than adolescent-onset and control youths. 

This distinction was not possible through scores on other performance-based tasks, 

providing some evidence that there may be a unique association between long-term 

offending patterns and disinhibition.  

Finally, it is important to note that studies that have used composite measures 

that integrate different types of measures, such as self-report, behaviour observations, 

and caregiver reports, also find a robust pattern of association between impulse control 

and antisocial behaviour. For instance, a composite impulsivity measure, comprised of 

self- and collateral-reports and researcher observations, was significantly higher among 

youths who showed a pattern of stable, serious delinquent behaviour in early 

adolescence (White et al., 1994). A large-scale study based on the Dunedin cohort that 

was followed from birth to adulthood (age 32) that used a composite measure of self-

control based on researcher observation, parent and teacher reports, and self-report, 

found that higher self-control during childhood significantly predicted less criminal activity 

during adulthood (Moffitt et al., 2010). Children who developed self-control later in life, 
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such as later in childhood or adolescence, also exhibited reduced rates of criminal 

activity. This study also examined data from a sample of British twins, and found that 

after controlling for basic sibling differences, there were significantly higher rates of 

antisocial behaviour at age 12 among the siblings with lower self-control at age 5 (Moffitt 

et al., 2010). The same composite measure of self-control was used with both samples. 

Considering the different facets that may be addressed through these different 

measurement formats, composite measures such as these may be particularly effective 

in yielding a view of how a comprehensive measure of impulsivity links with outcomes, 

and provides compelling evidence of the importance of impulsivity in understanding 

criminal activity. 

2.1.5. Functions of aggression 

While evaluating links with frequency of offending behaviour is instructive, it also 

may be informative to examine more specific functions of aggression that reflect different 

motivations. Motivations behind aggression can be conceptualized as instrumental, 

which is premeditated and applied to achieve a goal, or reactive, which is typically in 

response to perceived provocation (Blair, 2004; Coie & Dodge, 1998). Factor analytic 

studies with children and adolescents have generally supported the presence of these 

two functions of aggression (Smithmyer, Hubbard, & Simons, 2000; Raine et al., 2006), 

but other studies suggest they often coincide and are closely linked (Bukowski, 

Brendgen, & Vitaro, 2007). For instance, both functions of aggression have been 

associated with delinquent behaviour in a meta-analysis (Card & Little, 2006). 

Additionally, studies that have identified unique correlates and gender differences of 

each function of aggression further support the utility of distinct aggression subtypes.  

Evaluating the small body of literature that has examined the link between 

impulsivity and functions of aggression suggests a complex relationship. According to 

one theory of functions of aggression, reactive aggression may be related to the early, 

automatic aspects of information processing that require effortful control to adjust 

(Dodge, 2006; Wilkowski & Robinson, 2008). Thus, youths who experience difficulty in 

inhibiting learned responses, such as those with deficits in disinhibition as measured by 

performance-based tasks, may be particularly prone to engaging in reactive aggression. 
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Moreover, reactive aggression may be more closely linked with emotion regulation 

difficulties (Marsee & Frick, 2007; Card & Little, 2006) and low frustration tolerance 

(Vitaro, Brendgen, & Tremblay, 2002), both of which may be relevant to impulsivity. 

However, other studies suggest that instrumental aggression may also be linked with 

impulsivity (Card & Little, 2006; Connor, Steingard, Cunningham, Anderson, & Mellioni, 

2004; Scarpa, Haden, & Tanaka, 2010). While the employment of different measures 

may partly explain differences across studies, the relationship between impulsivity and 

functions of aggression remains complex. 

2.1.6. Gender 

Finally, gender has been an important factor in developmental research on 

impulse control (Rafaelli, Crockett, & Shen, 2005; Murphy et al., 1999; Stifter & Spinrad, 

2002), as well as forensic research into correlates of antisocial behaviour and violence 

(Gottfredson & Hirschi, 1990; Miladinovic & Mulligan, 2015). Developmental research 

with normative samples indicates that females exhibit higher impulse control than males 

from late childhood to early adulthood, and impulse control increases at a higher rate in 

females starting in mid-adolescence (Shulman, Harden, Chein, & Steinberg, 2015). 

Thus, from the perspective of the Dual Systems Model, gender differences in antisocial 

behaviour in the general population are attributable to natural, biological differences in 

propensity toward evaluating situations and regulating urges before acting (Steinberg, 

2007, 2008; Shulman et al., 2016). A similar proposition was put forth in the General 

Theory of Crime (Gottfredson & Hirschi, 1990), specifically that females may have higher 

levels of self-regulation as a group, thereby reducing their risk for engaging in antisocial 

behaviour at a population level. However, this theory maintains that impulsivity would be 

elevated among those who offend, regardless of gender, suggesting that gender 

differences may not be expected within high-risk groups. For instance, impulsivity was 

associated with increased risk for conduct disorder during adolescence among both 

boys and girls (Cote, Tremblay, Nagin, Zoccolilo & Vitaro, 2002). 

However, research findings on gender differences have been inconsistent. For 

instance, there were no significant gender differences in a normative sample of youths 

on the Eysenck Impulsiveness Scales (Eysenck et al., 1984; Collado, Felton, 
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MacPherson, & Lejuez, 2014), or adults with other self-report tools (Patton et al., 1995; 

Stanford, Mathias, Dougherty, Lake, Anderson, & Patton, 2009). This is in contrast to 

aforementioned findings from developmental studies, which also used self-report 

measures. A recent review of the literature on gender differences on performance-based 

tasks also indicates highly inconsistent findings in adult as well as adolescent and child 

samples (Weafer & de Wit, 2014). In this case, some of these inconsistencies may be 

attributable to the tools and measures used; there may be a pattern of quicker reaction 

time to a stop signal in males, but a higher rate of successful inhibition in response to a 

stop-cue in females.  

Alternatively, stemming from the General Theory of Crime, it may be the case 

that at-risk females have similar or more severe problems with impulse control than at-

risk males. If this were true, it would be expected that there were no gender differences, 

or that females exhibited higher levels of impulsivity and disinhibition than males in a 

sample of high-risk youths. For instance, one recent study found that females who were 

at risk for alcohol abuse exhibited more inhibition errors on a Go/No-Go task than at-risk 

males (Weafer, De Arcangelis, & de Wit, 2015). There were no gender differences in the 

non-risk group. At this point, most of the research comparing gender differences has 

focused on risk for substance use, so the relationship among impulsivity, gender, and 

offending or violent behaviour is less clear. 

2.1.7. Purpose, research questions & hypotheses 

Based upon this review of the current research, there is a need for research to 

further extend and expand upon the existing knowledge regarding impulsivity measures 

and offending in adolescent samples. While it appears that performance-based 

measures may supplement self-report questionnaires to provide a more comprehensive 

impulsivity measure, research has only begun to explore how these tools compare 

during adolescence. Moreover, little research has compared how these measures relate 

to negative outcomes, and whether performance-based computer tasks can provide 

information that would be of use over a long-term period.  
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Thus, the purpose of this project was to evaluate the usefulness of self-report 

and performance-based computer tasks to the prediction of offending and violent 

behaviour, through a prospective study design.  Few studies have evaluated 

performance-based tools in this manner, but research indicating their ability to 

distinguish between controls and youths showing serious, and long-term antisocial 

behaviour strongly suggests their promise. Such findings would be valuable to 

professionals working with justice-involved youths, because it would enhance their ability 

to assess future risk, as well as their ability to recommend and provide appropriate 

interventions to reduce risk. 

Question 1: Are self-report and performance-based measures of impulsivity 
related?  

Hypothesis 1: The research literature on this topic is mixed, and limited research 

exists with adolescent samples. Based on findings with adults, it is expected that the 

self-report and performance-based tasks will be weakly associated. 

Question 2: After controlling for other factors, can scores on the 
performance-based and self-report impulsivity instruments predict 
adolescent reoffending? 

Hypothesis 2: It is hypothesized that increased impulsivity as measured by a 

performance-based instrument, and a self-report instrument, will significantly predict 

violence and reoffending over the follow up periods. Also, it is expected that 

performance-based instruments will be more strongly associated with short-term 

outcomes than long-term outcomes. 

Question 3: After controlling for the alternate measure of impulsivity and 
other factors, can each impulsivity instrument predict reoffending? 

Hypothesis 3: Because each impulsivity instrument is proposed to provide unique 

information on the construct of impulsivity, it is hypothesized that each will be predictive 

of reoffending when controlling for the alternate measure and other factors.  
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Question 4: How will the impulsivity measures, both self-report and 
performance-based, relate with different functions of aggression, including 
reactive and instrumental aggression? 

Hypothesis 4: It is hypothesized that self-reported impulsivity will relate to both 

functions of aggression, as it is expected to represent a more general measure of 

impulsivity. Also, performance-based scores are expected to associate most strongly 

with reactive aggression because both constructs involve inhibiting urges and actions. 

The relationship between performance-based impulsivity scores are instrumental 

aggression is less clear.  

Question 5: Are there gender differences in impulsivity, offending, and the 
relationships among impulsivity and outcomes of reoffending and 
violence? 

Hypothesis 5: Due to the inconsistent results in the literature, it is difficult to have 

clear expectations on the role of gender. According to the General Theory of Crime, it 

was expected that females in this high-risk sample would have similar levels of self-

reported impulsivity as males, since all youths in this sample have a history of offending. 

Also, based on past research with performance-based tools, it was hypothesized that 

females would exhibit fewer inhibition errors than males on the GoStop task. A 

moderator effect would be observed if there were different patterns of association 

between impulsivity and the outcomes in boys versus girls.  

2.2. Methods 

2.2.1. Procedure 

Data for this study were collected as part of a prospective, longitudinal study 

entitled the Mental Health, Risks, and Strengths Study. This study was designed in 

collaboration with Youth Forensic Psychiatric Services/the Ministry for Child and Family 

Development (MCFD) in British Columbia to provide information on the mental health 

symptoms and various risk factors and strengths of youths under community 

supervision. Ethics approval for the study was granted by Simon Fraser University and 

MCFD. Adolescents were sampled from ten probation offices throughout the region, as 
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well as the youth custody centre and a youth forensic outpatient mental health 

assessment clinic. 

Efforts were made to inform all youth at the offices about the study through study 

liaisons, probation officers, posters, and flyers. Research assistants typically visited sites 

on a weekly or biweekly basis until they had approached all eligible youths, at which 

point there would be a short recruiting break (approximately one to two months). 

Eligibility criteria for the overarching project were broadly set by age (between 

ages 12 and 17 inclusive), legal status (adjudicated rather than pretrial), and geography 

(primary residence in the Lower Mainland of Vancouver). Of the eligible youth 

approached (n = 367), 31.6% were not enrolled in the study because they were not 

interested in participating (n = 116). During the enrollment stage, 57 youth were not 

enrolled because their whereabouts were unknown (7.1%, n = 26), or guardian consent 

could not be obtained, often as a result of not being able to contact guardians (8.4%, n = 

31).   

Parents or other legal guardians provided active consent over the phone for 

youths’ participation after being informed about the study by phone and mail. Youths 

provided assent/consent at the first interview, and this information was reviewed at each 

following interview, including the voluntary nature of the study and the limits of 

confidentiality. 

Eligibility criteria for the current study were established after youth were admitted 

to the overarching Mental Health, Risks, and Strengths study. Based on the timing of the 

introduction of the measures of interest to the overarching study, 137 youths had the 

opportunity to complete the measures of interest. To be included in the final sample for 

the current study, it was required that the measures of interest were completed at one 

interview, either Time 1 or Time 2. This was to ensure that the primary measures used in 

this dissertation (self-report and performance-based impulsivity measures) were 

completed at least once. Based on this criterion, 30 youths were ineligible for the study 

as they missed both Time 1 and Time 2 interviews and never completed the measures 

of interest. 
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Data Collection 

Interviewers were typically Master’s-level, Doctoral-level, or advanced 

undergraduate students who had taken course work in clinical and forensic psychology. 

Interviews were conducted in-person in the community, often at the youth’s probation 

office, or a quiet, public place, such as a restaurant or a coffee shop.  The full interview 

consisted of qualitative, open-ended questions administered by the interviewer, as well 

as questionnaires that the youths completed privately.  

For their participation in the study, youths were reimbursed with gift cards for 

restaurants, shopping malls, or movie theatres ($15 to $20 value). Youths were 

reimbursed at each interview, and an extra incentive gift card was provided at the end if 

they completed all five interviews. Additionally, food and snacks were provided during 

the interviews (i.e., drinks and foods purchased at the coffee shops or restaurants). 

In most other studies that use the GoStop task, participants are paid a small 

monetary reward based upon their performance, which is intended to provide an external 

incentive for vigilant and accurate performance. In the current study, the participants 

were already compensated for their participation in the full interview, so it was not 

possible to provide further payment. In an effort to retain the external incentive, 

participants were instructed that they would receive an “extra prize” of candy or a 

chocolate bar based on their performance (i.e. “if their score was high enough”). At the 

end of the task, all participants received the extra prize and were offered their selection 

of chocolate bars. This was done to ensure equal compensation across the participants. 

At the end of the study, official youth and adult records were obtained through 

the Corrections Network (CORNET), a province-wide justice database. Offenses were 

coded by graduate or advanced undergraduate-level students who received training on 

the system and coding process, and completed practice cases that were reviewed by a 

master coder. These records were used to code official criminal code charges and 

convictions that took place during and following the study period. Charges were coded 

by date of offence in order to increase accuracy of reoffending rates.  
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2.2.2. Attrition 

The Mental Health, Risks, and Strengths Study attempted to reduce attrition in 

several ways according to best practices set forth in the literature (Becker, Berry, Orr, & 

Perlman, 2014; Meyers, Webb, Frantz, & Randall, 2003; Ribisi, et al.,1996). Interviewers 

maintained a caseload of participants, and attempted to complete all interviews and 

develop a professional relationship with the youth. Interviews were conducted at 

locations and times that were identified as convenient for the youth, and missed 

interviews were re-scheduled as soon as possible. At each interview, contact information 

from multiple parties was obtained, and youths were reimbursed for their participation 

with food, drinks, and gift cards.  

Steps were also taken to reduce missing data on the measures of interest for this 

study. The measures of interest were administered “late” (i.e., at the next interview) in 

some instances when they could not be administered at the scheduled time (e.g., phone 

interview at 3-month interview, so administered the task at 6-month interview instead). 

Moreover, various steps were taken to address computer and administration errors as 

they arose. For instance, a research assistant was trained and given the responsibility to 

ensure all laptops were fully charged after each use, and all data files were carefully 

reviewed and saved in a way that would reduce the future likelihood of lost or 

mislabelled files. Also, a system of double-checking interview materials was 

implemented in order to reduce the future likelihood that interviewers would be missing 

the materials they required for the interviews, including laptops. Overall, computer and 

administration errors impacted less than 10% of the sample data. 

Although efforts to reduce attrition were taken, there were missing data for 

various reasons. A total of 107 youths had the opportunity to complete the impulsivity 

measures for this study (GoStop and EJIS). As shown in Table 1, 104 youths completed 

the EJIS (9 at a later interview), and 87 completed the GoStop (8 at a later interview).  

Most of the outstanding 3 youths did not complete the EJIS due to administration errors 

(66.7%; n = 2). Similarly, most of the outstanding 20 youths did not complete the GoStop 

because of computer and administration errors (50%; n = 10) or the interview being 

completed over the phone (20%; n = 4). See Table 1 for full details. 
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Table 1. Missing Data 

n = 107 GS  EJIS 

Completed-Total 87  104 

Late (8)  (9) 

Missing-Total 20 (18.7%)  3 (2.8%) 

Missed interview 1  1 

Ineligible 3  0 

Youth factors 2  0 

Phone interview 4  0 

Administration/ Computer 
error 

10 (50.0%)  2 (66.7%) 

Notes: EJIS: Eysenck Junior Impulsiveness Scale; Late-Due to missed interview, measure was collected at 
the next interview. 

Different factors applied to the questionnaire and computer task, resulting in 

differing rates of missing data across the measures. First, the GoStop task was 

introduced slightly later in the study than the EJIS, resulting in some youth who were 

“ineligible” to complete the GS (n = 3). Second, computer and administration errors were 

more common with the GoStop data. For example, problems such as the program 

malfunctioning, the computer battery dying, the interview bag containing the wrong 

materials, or administrator mislabelling the data file were applicable only to the computer 

task. Third, youth issues were more common with the GoStop data, such as the youth 

declining to complete the task, or leaving the interview early (the GoStop was 

administered at the end of the interview). One youth was colour blind and not able to 

detect the changing colours of the stimuli, and therefore did not complete the GoStop 

task. Finally, the GoStop task could not be administered if a phone interview was 

conducted.  In one instance, the EJIS was also not administered during a phone 

interview due to time restrictions.  

Multiple imputation 

Modern statistical research indicates that imputing data through a multiple 

imputation (MI) method may be the most accurate way to address missing data in 

datasets (Enders, 2006; Widaman, 2006). Traditional methods of deletion or single 
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imputation have been found to be less accurate than multiple imputation methods due to 

basic assumptions about reasons for missing data, biased estimates, and increased 

error rates (Baraldi & Enders, 2010). Traditional methods assume that missing data are 

missing completely at random (MCAR; Enders, 2010; Rubin, 1987; Wilkinson, 1999), 

wherein the reason the data is missing is completely unsystematic and unrelated to 

other measured variables and the value of the missing variable itself. Data that are 

MCAR are very uncommon, so this is a stringent assumption that increases the 

likelihood of biased parameter estimates (Wilkinson, 1999). Multiple imputation methods 

can address the less stringent, and more common situation of data missing at random 

(MAR; Rubin, 1987), wherein the reason for missing data could be related to other 

variables in the dataset, but not the value of the missing variable itself. In this case, 

multiple imputation approaches allow the researcher to enter auxiliary variables that 

provide information on reasons for missing data to increase the accuracy of the 

estimation process. In the current study, Rubin’s rules (1987) were followed for the most 

consistent parameter estimation, including auxiliary variables thought to predict missing 

data, auxiliary variables associated with the variable being imputed, and the outcome 

variables of the analysis models. 

Both modern and traditional approaches struggle to account for data missing not 

at random (MNAR; Rubin, 1987), wherein the reason for the missing data is captured by 

the missing variable itself (e.g., in this case, it is possible that highly impulsive youths 

were more likely to refuse to complete the task or skip the interview, thereby resulting in 

missing data). Some specialized MNAR missing data techniques are available, but many 

researchers caution against their use due to the strict conditions for accurate use and 

the untestable underlying assumptions of the models (Demirtas & Schafer, 2003; 

Enders, 2013; Enders, 2010; Enders, 2011; Schafer, 2003). Also, while multiple 

imputation estimates may have increased error and inaccuracy when addressing MNAR 

data, analyses have shown that this technique is still superior to the use of traditional 

techniques (Baraldi & Enders, 2010; Enders, 2013; Newman, 2003). In the current study, 

data were expected to be missing for all three reasons, including MNAR (estimated at 4-

7% of missing data cases) and therefore, a multiple imputation technique was an 

appropriate method of choice.  
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In general, the multiple imputation technique functions by simultaneously 

producing a number of datasets, using regression models to estimate and replace 

missing data with estimated data (Enders, 2010). Statistical analyses are conducted as if 

data were not missing, and parameters of interest are reported based on data that are 

averaged, or pooled, across the numerous datasets. Current recommendations in the 

literature were followed, including imputing independent and dependent variables 

simultaneously, imputing for all variables to be used in analyses, and including auxiliary 

and duplicate variables to increase imputation accuracy (Enders, 2010).  

In general, it is advantageous to impute at the item level, then calculate total 

scores, as this process results in more accurate estimates and increases power 

(Gottschall, West, & Enders, 2012). However, the limitation on the number of variables 

that may be imputed is no more than the total study sample size (i.e., n = 107). 

Imputation at item level was prioritized for the impulsivity questionnaire (EJIS), but given 

the frequency of multiple item measures in this study, following this process was not 

possible for all variables of interest. In such situations, it is recommended to impute at 

the total or scale score level, and include duplicate variables as auxiliary variables. 

Duplicate variables enhance the estimation at a total score level by providing information 

on incomplete scores (i.e., score on the 8 complete items out of 10 total items on the 

scale).  

Auxiliary variables were identified by a significant t-test evaluating the 

relationship with missing data. A less stringent p value (p < .1) was employed since a 

liberal approach to including possible auxiliary variables is encouraged (Enders, 2010). 

Auxiliary variables included in the multiple imputation analyses were age at first physical 

fight, Weinberger Impulse Control scale total score, Hyperactivity Scale total score, self-

reported propensity to plan ahead, categorical1 risk rating on the Structured Assessment 

of Violence Risk in Youth (Borum, Bartel & Forth, 2003), and eight duplicate variables 

included to increase estimation accuracy at the total score level. These variables were 

selected because they were conceptually linked with risk of missing an interview 

(addressing MAR) or impulsivity itself (addressing MNAR), according to 

 
1 Low/Moderate risk vs High risk rating. 
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recommendations in the literature (Rubin, 1987). The total number of auxiliary variables, 

including duplicate variables, was 13.  

The most commonly used version of multiple imputation is the linear regression 

method, which estimates parameters through numerous draws from the posterior 

predictive distribution (Morris, White, & Royston, 2014). A drawback of this method is 

that estimates can be non-interpretable and non-existent in the observed dataset (i.e., 

estimates of -10.65 violent offences over the follow up period). An alternative method, 

Predictive Mean Matching (PMM), instead estimates parameters through random draw 

from a donor pool of observed values close to the linear-predicted value (Morris et al., 

2014). Studies show that the PMM method may be better suited to non-parametric data, 

such as non-normal and non-linear distributions, and performs comparably to the linear 

regression method under most conditions (Morris et al., 2014; Schenker & Taylor, 1996). 

In the current study, linear regression was attempted first, but produced a large number 

of non-interpretable and non-existent estimates that could not be used in further 

analyses, since non-integer and negative values cannot be present in an outcome 

variable for negative binomial regression. The application of constraints to the estimates 

necessitated increasing the maximum case and parameter draws, which significantly 

increased the processing time for the multiple imputation dataset creation and resulted in 

further errors in the estimation process. This problem with errors and increased 

processing time is noted as a limitation of this method in the SPSS multiple imputation 

information document (IBM, 2016). Therefore, the PMM method was followed; 

constraints are not set in PMM because estimates are based on the observed data. 

There are several important limitations to the application of multiple imputation 

techniques. First, multiple imputation techniques struggle increasingly as the percentage 

of missing data increases. Some work suggests that the multiple imputation mechanism 

can provide accurate estimates with up to 25% missing data, but errors increase as 

missing data surpasses 50% (Newman, 2003). The most problematic errors occurred 

when missing data is beyond 75% (Newman, 2003). For the current study, most missing 

data was in the 25% to 35% range, but some variables were approaching 50% missing 

data, indicating that estimates may have been biased. Furthermore, the output from 

analyses with an multiple imputation dataset in SPSS is very limited. Because the 
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multiple imputation process creates multiple imputations in multiple datasets, the 

analyses must produce results for the pooled data. However, statistical output with 

pooled data is only available for limited aspects of each analysis. For instance, when 

calculating descriptive statistics, only the mean is produced, with standard error, 

kurtosis, skewness, maximum and minimums not calculated for the pooled dataset. For 

regression analyses, only the final table of parameter estimates is produced, with all 

other goodness of fit and omnibus statistics not computed for the pooled data. 

Therefore, based on the adjustments that were required for the application of multiple 

imputation here, the multiple imputation analyses were used to examine the robustness 

of findings from the original dataset. Full analyses statistics from the original dataset are 

reported, and any differences observed with multiple imputation dataset were noted. Full 

results from the multiple imputation data are available upon request. 

Power  

The program G*Power (Faul, Erdfelder, Lang, & Buchner, 2007) was used to 

conduct post-hoc examinations of power for the proposed analyses. Overall, power 

analyses indicate adequate power to detect medium and large effect sizes across the 

various analyses, and relatively weak power to detect small effects. According to 

convention set by Cohen (1988), adequate power (β) has been set to 0.80 (80%). 

For correlation analyses (Pearson), effect size is measured with the correlation 

coefficient (r).  With the sample size n = 107 and α = .05, there is .99 power to detect a 

large effect size (r = .50), .90 power to detect a medium effect size (r = .30), and .18 

power to detect a small effect size (r = .10). 

For linear multiple regression analyses, effect size is measured with the f2 

statistic (Faul et al., 2007). In models with up to eight predictor variables, sample size n 

= 107 and α = .05, β = .305 for small effect size (f2 = .02), .978 for medium effect size (f2 

= .15), and .999 for large effect size (f2 = .35). Regression analyses maintain high power 

to detect medium and large effect sizes with the addition of numerous predictor variables 

(i.e., β = .976 with 50 predictors). 
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For negative binomial regression, there currently is no widely accepted method 

for computing power for generalized linear models (VanVoorhis & Morgan, 2007). 

Current methods involve complex simulation datasets and analyses, and require the 

estimation of various parameters, which differ across each model (Lyles, Lin, & 

Williamson, 2007). One study found that under conditions of varying outcome statistics 

and substantial dispersion, acceptable Type I error rates were achieved with n = 50 

(Aban, Cutter, & Mavinga, 2009). In all models conducted in the current study, the n ≥ 

50.  

A general guideline for power in multivariate analyses recommends 10 sample 

size members per one independent variable (Harrel, Lee, Matchar, & Reichert, 1985; 

Peduzzi, Concato, Kemper, Holford, & Feinstein, 1996; Vittinghoff & McCulloch, 2007). 

In the current study, for models including 8 variables, the sample size was greater than 

80 in most instances, but for self-report outcomes the sample size approached 80 (n = 

68). For all other models, the sample size was greater than 10 times the number of 

predictor variables. 

For analyses on gender differences, effect size is measured as Cohen’s d (d).  

With two independent groups (n = 72 males, 35 females), and α = .05, β = .970 power to 

detect a large effect size (d = .80), .672 power to detect a medium effect size (d = .5), 

and .160 power to detect a small effect size (d = .20). The smaller sample of females 

impacts the power of these analyses, and results will need to be interpreted with caution. 

For moderation effects in the linear regression analyses, recommendations of Weiberg 

(2009) indicate that the sample size should be four times what would be needed to 

detect a single main effect of a similar effect size. 

2.2.3. Participants 

The sample consists of 35 females (32.7%) and 72 males between the ages 12 

and 18 (M = 16.67, SD = 1.16). While the majority of the sample (n = 67; 62.6%) 

identified themselves as at least partly Caucasian, 27.1% (n = 29) youths described 

themselves as at least partly First Nations/Aboriginal, 13.1% (n = 14) as at least partly 

Asian, 7.5% (n = 8) as at least partly East Indian, 3.7% (n = 6) as at least partly African, 
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5.6% (n = 6) as at least partly Hispanic, and 1.9% as at least partly Middle Eastern. On 

average, youths were convicted of 2 offences for their index sentence (M = 1.96; SD = 

1.87), and had approximately 3 prior convictions (M = 3.17; SD = 3.13). The majority of 

index offences involved non-sexual violence (62.6%; n = 67) such as robbery or assault, 

followed by property offences (35.5%; n =38) including theft or mischief, and other 

offences (25.2%; n = 27), such as breaches or weapons offences. The ethnic and 

gender distribution of this sample is very similar to national and provincial rates for youth 

involved in the justice system, suggesting that this sample is fairly representative 

(Calverley, Cotter, & Halla, 2010).  

In response to interview questions regarding past living arrangements, nearly half 

of the youths reported having been placed in foster care (42.1%; n = 45), and nearly 

one-third reported having been homeless (29.9%; n = 32). At the time of the interview, 

the majority of youths were residing with their biological mother (31.8%; n = 34), both 

biological parents (17.8%; n = 19), a relative (13.1%; n = 14) or foster caregiver (13.1%; 

n = 14), and a number reported living in a group or transition home (9.3%; n = 10). One-

quarter of the sample reported not being enrolled in school at the time of the interview 

(23.4%; n = 25), and over one-third reported having repeated a grade at least once 

(34.5%; n = 37). Regarding mental health, the majority of youths reported having 

received mental health services in the past (85.0%; n = 91), over one-third had attended 

a drug and alcohol treatment program (40.2%; n = 43), and several (16.8%; n = 18) 

reported having been hospitalized for psychological or emotional difficulties. Nearly half 

of youths reported having been prescribed medications for psychological or emotional 

difficulties (42.1%; n = 45).  

2.2.4. Measures 

General information for the study measures is provided here. Internal 

consistency statistics for the current sample are presented in the Descriptives section of 

the Results. 
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Impulsivity 

Eysenck Junior I6 Impulsiveness Scale. The Eysenck Junior I6 Impulsiveness 

Scale (EJIS; Eysenck et al., 1984) consists of 63 items with 3 subscales assessing 

impulsivity, venturesomeness, and empathy in its full form. Only the impulsivity subscale, 

consisting of 23 items, was administered in this study. Participants are asked to respond 

to each item with either ‘Yes’ or ‘No’ responses, indicating how true the statement is for 

them during the past three months. See Appendix A for the full list of items. 

The EJIS has been validated with British and Canadian youth populations 

(Eysenck & Eysenck, 1980; Saklofske & Eysenck, 1983). The internal consistency of the 

impulsivity subscale has been measured as 0.78 and 0.75 in British boys and girls, 

respectively, and 0.78 and 0.83 in Canadian boys and girls, respectively (Eysenck & 

Eysenck, 1980; Saklofske & Eysenck, 1983). Responses are summed into a total score, 

with higher scores indicating greater impulse control (less impulsivity). See Table 2 for 

more detail on interpretation of impulsivity variables. 

Convergent validity of the EJIS has been evaluated with the Barratt 

Impulsiveness Scale, which is widely used in adult samples. Miller, Joseph and Tudway 

(2003) found that the items on I7 Questionnaire (a similar adult version of the EJIS) 

addressed similar underlying constructs as the Barratt Impulsiveness Scale. Moreover, 

in an effort to create a multi-dimensional impulsivity self-report questionnaire that would 

amalgamate various conceptually similar questionnaires, Whiteside and Lynam (2001) 

found that the Impulsivity scale of the I7 loaded onto a ‘Lack of Premeditation’ factor, 

which also included the Non-planning (less concern for future than present) and Motor 

Impulsivity (acting without thinking) scales of the Barratt Impulsiveness Scale (BIS). 

They described this factor as referring to the lacking in “the tendency to think and reflect 

on the consequences of an act before engaging in that act” (Whiteside & Lynam, 2001, 

p. 685), or acting spur of the moment and without regard to the consequences. 

GoStop Impulsivity Paradigm. The GoStop Impulsivity Paradigm (GoStop; 

Dougherty, Mathias, & Marsh, 2003b) is classified as a ‘behavioural’ or ‘laboratory’ 

measure of impulsivity, wherein impulsivity is inferred through performance on a 

particular task. Poor performance on the task is indicative of poor impulse control. For 
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the task, participants are asked to attend to numbers that will appear consecutively on 

the computer screen, and respond by clicking the mouse key when two consecutive 

numbers match. When the two consecutive numbers match, this represents a NoStop 

trial, as the correct response is to click the mouse key. A proportion of the trials are Stop 

trials, wherein the matching number changes colour from black to red after a delay of 50 

to 350 milliseconds (ms). In these trials, the correct response is to withhold clicking the 

mouse key. In a number of trials, the consecutive numbers do not match (Novel trial), 

and the participant is instructed to not click the mouse key when the numbers do not 

match. The participants are instructed that they must click the mouse while the numbers 

are still on the computer screen, as late responses will not be counted toward their total 

score. Full participant instructions can be found in Appendix B. It takes 11 minutes to 

complete the 320 trials, with a 15 second break half way through the session. Trials 

included 80 Stop Trials (20 of each time delay), 80 No-Stop Trials, and 160 Novel Trials. 

During the Stop/No-Stop Trials, the predominant response is to click the mouse in 

response to the matching numbers, and the challenge is that youths must withhold this 

response on trials when the numbers change colour. A 1-week test-retest reliability with 

a similar measure was found to be moderate (Weafer, Baggott, & de Witt, 2013). 

Impulsivity may be best measured on the Stop trials, as these trials represent the 

point where participants must withhold their predominant response of clicking the mouse 

when the consecutive numbers match. On Stop trials, the stop signal (colour change) is 

presented at four delay times of 50, 150, 250 and 350 milliseconds. The difficulty of the 

task increases with increasing delay time, because there is less time to inhibit the 

response before the end of the trial. Responses on Novel trials, when numbers are 

unmatched, and NoStop trials, when numbers are matched and there is no stop cue, 

provide information about vigilance and attention to the task, and are more peripherally 

related to disinhibition.  

Variables for analyses were selected based on previous research with this 

instrument and multicollinearity analyses (see the Descriptives & Study Measures 

section of the Results). The GoStop manual describes the 350ms trial as the most 

difficult to inhibit, and thus may provide important information on impulsivity under very 

challenging conditions (Dougherty, Mathias, & Marsh, 2003b). In contrast, the 50ms trial 



 

32 

is the easiest to inhibit, and therefore may not differentiate between impulsive 

participants and controls (Marsh, Dougherty, Mathias, Moeller, & Hicks, 2002). Several 

studies have focused on stop response inhibition on the 150ms and 350ms delay trials in 

particular (Dougherty et al. 2009; Marsh et al. 2002; Long & Benton, 2013). Therefore, 

based on previous research in the field and results from the multicollinearity analyses, 

responses on the 50ms and 250ms Stop trials were not included in the subsequent 

analyses.  

One of the most commonly used measures of disinhibition on the GoStop tool is 

the Inhibition Score on the different trial types (Dougherty, Mathias, & Marsh, 2003; 

Dougherty et al., 2003a). The Inhibition Score is the fraction of the trials wherein the 

youth was able to inhibit his/her response (Inhibition = number of trials – number of 

responses / number of trials). This measure is easier to interpret than the raw Total 

Responses, with higher scores indicating more inhibition and impulse control, and can 

be calculated for all three trial types (Stop, Novel and NoStop). On the Stop and Novel 

trials, higher Inhibition scores indicate stronger inhibition and stronger impulse control. 

On the NoStop trials, lower Inhibition scores indicate stronger inhibition and stronger 

impulse control, because the correct response is to click when the stimuli match. See 

Table 2 for more detail on interpretation of impulsivity variables. 

Interviewers completed several questions about possible disruptions while the 

youth completed the task. These included whether the youth wore the provided earplugs 

as instructed and a tally of environmental distractions (i.e., loud noises, youth looking 

away from the screen). The vast majority of youths did not wear the earplugs as 

instructed (n = 57; 95.0%). It was not possible to conduct group comparisons due to the 

small group sizes. However, inspection of the pattern of results indicates minimal 

performance differences between youths who did and did not wear the earplugs. Across 

both time points, both groups showed a pattern of increasing errors as the task difficulty 

increased (increasing Stop signal latency), and much higher numbers of responses on 

the NoStop trials, indicating attention to the task. Both groups showed relatively few 

responses to Novel trials, also indicating attention to the task. The group who wore 

earplugs may have made slightly more errors on the easier trials, but slightly fewer 

errors on the Novel trials. There also did not appear to be an impact of distractions on 
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any performance scores except there was a positive correlation between errors on the 

Novel trials and increasing numbers of distractions (r = .519, p < .001). Thus, there was 

little evidence that the distractions impacted the primary disinhibition scores on the Stop 

trials, but consideration of the impact on the Novel trial performance will be considered.  

Table 2. Interpretation of Impulsivity Measures of Interest 

Measure Facet Description (correct response) 

Directionality 
(higher impulse 

control corresponds 
with…) 

EJIS Total 
Lack of 
Premeditation Self-report questionnaire Higher scores 

GS-150ms 
Inhibition Disinhibition 

Inhibit predominant response upon stop-
cue at 150ms (easier) Higher scores 

GS-350ms 
Inhibition Disinihibition 

Inhibit predominant response upon stop-
cue at 350ms (more difficult) Higher scores 

GS-NoStop 
Inhibition 

Inattention/ 
Disinihibition 

Respond upon NoStop-cue (matched 
numbers) Lower scores 

GS-Novel 
Inhibition 

Inattention/ 
Disinihibition No response (unmatched number) Higher scores 

Note. EJIS: Eysenck Junior Impulsiveness Scale; GS: GoStop Impulsivity Paradigm. 

Concurrent Validity. 

Weinberger Impulse Control Scale. The Weinberger Impulse Control Scale 

(WIC; Weinberger & Schwartz, 1990; Dahlberg, Toal, Swahn, & Behrens, 2005) is an 8-

item scale from the Weinberger Adjustment Inventory. This scale assesses youth 

perceptions of self-restraint and impulsivity. The internal consistency of the Weinberger 

Impulse Control Scale has been found to range from .66 to .69 (Dahlberg et al., 2005; 

Feldman & Weinberger, 1994). Higher scores indicate stronger impulse control skills. 

Personality Assessment Inventory-Adolescent Version. The Personality 

Assessment Inventory-Adolescent Version (PAI-A; Morey, 2007) is a self-report measure 

of psychopathology and personality patterns specifically normed for use with 

adolescents. The PAI-A includes 264 items, with four Validity scales, 11 Clinical scales, 

five Treatment Consideration scales, and two Interpersonal scales. Only the Drug 

Problems (DRG) and Alcohol Problems (ALC) scales, and the Stimulus Seeking 

subscale (ANT-S), were used in the current study. The DRG and ALC scales measure 



 

34 

behaviours and consequences related to use, abuse, and dependence of substances or 

alcohol, respectively. The item content ranges from total abstinence, frequent use, to 

severe consequences. The ANT-S Stimulus Seeking subscale measures the tendency 

to seek thrill and excitement, as well as low boredom tolerance. Additionally, the 

subscale measures the tendency for reckless behavior that could be potentially 

dangerous to the youth or others around them. The internal consistencies for each scale 

were .77, .79, .71, respectively in a community sample, and .85, .79, and .73, 

respectively in a clinical sample (Morey, 2007).  

Demographics 

Demographic variables were included in most analyses for several purposes, 

including comparing for group differences, or controlling for possible confounding effects. 

Gender. Gender is one demographic factor wherein group differences may be 

apparent across several key measures, including impulsivity and outcomes. One study 

question directly examines gender differences on the impulsivity measures and effects 

on offending. Also, most analyses controlled for gender, in order to confirm that any 

observed effects were unrelated to gender.  

Age. As impulsivity is a developmental construct, levels of impulse control can be 

expected to differ across age groups. Additionally, the type and severity of aggression 

and reoffending can differ with age, wherein younger youths are expected to have less 

ability and access to opportunities for reoffending. Thus, most analyses controlled for 

age, in order to confirm that any observed effects were unrelated to age.  

Age at first arrest. Although this study focuses on one specific risk factor for 

aggression and reoffending, impulsivity, it is important to consider other strong predictors 

of reoffending. In one large-scale meta-analysis, younger age at first contact with the 

justice system was identified as one of the most robust predictors of adolescent 

recidivism (Cottle, Lee, & Heilbrun, 2001). It is important to examine how impulsivity 

might relate with offending after controlling for the effects of length of involvement with 

the justice system. Thus, some analyses addressing predictive validity controlled for the 

age at first arrest. 

callto:77,%20.79,%20.71
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2.2.5. Outcomes 

Recidivism 

In order to obtain a thorough representation of reoffending and violence, both 

self-report and official records were used. All outcomes were prospective, wherein the 

outcome was measured after the independent variables, thereby allowing for the 

evaluation of predictive validity. Recidivism was measured at two different points, 3-

month follow up and 12-month follow up. Self-report data was not available for the 12-

month follow up, because this time point is post-study and in-person interviews were no 

longer conducted. Official records data represents a total cumulative sum across the 

follow up (i.e., 0 to 3 months, 0 to 12 months), while the self-report data represents the 

report provided at the follow up interview only, and not a total sum. 

For this study, violence was defined as “actual, attempted, or threatened infliction 

of bodily harm of another person” (Douglas et al., 2013; pp. 36), and included assault, 

robbery, and uttering threats. Also, this definition includes both nonsexual and sexual 

violence. More specific definitions for self-report and official records measures are 

provided below. 

The Self-Report of Offending. The Self-Report of Offending (SRO; Huizinga, 

Esbensen, & Weiher, 1991) examines involvement in criminal activities, including violent, 

property and public order offences. Youths estimate the number of times they have 

engaged in each type of offence during the past 3 months (0= Never, 1=Once, 2= Two 

or three times, 3 = Four times, 4 = Five or more times). The two highest response 

categories were collapsed for further analyses. This method of collapsing the ordinal 

scale reduces overestimates of high-frequency events (Kirk, 2006) that can result in 

outliers and skewed results (Theobald, Farrington, Loeber, Pardini, & Piquero, 2014). 

This ordinal scale version of the SRO was found to have good psychometric properties 

and a fairly high degree of functional equivalence across gender and ethnically/racially 

diverse groups of juvenile offenders (Knight, Little, Losoya, & Mulvey, 2004). Responses 

were summed into a Total score (all 23 items) that represented general offending, and a 

Violence Total score (8 items). See Appendix C for full list of items. 
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As measured by self-report, general recidivism was defined as any illegal activity 

reported during the follow up period, including any violent, non-violent, and sexual 

offences. The questionnaire used does not provide an exhaustive list of all possible 

offences, however, so this measure is limited to the 23 offences presented. 

As measured by self-report, violent recidivism represented the frequency of 

reported engagement in eight different acts that aligned with the above definition of 

violence from the Historical Clinical Risk Management-20, Version 3 (HCR-20-V3; 

Douglas et al., 2013), such as shooting a gun at someone, forcing sexual contact, 

robbery, and assault. Again, the SRO does not provide an exhaustive list of all possible 

violent offences, so this measure is limited to the 8 offences presented. 

Aggression 

The Form-Function Aggression Measure. The Form-Function Aggression 

Measure (FFAM; Little, Jones, Henrich, & Hawley, 2003) is a 36-item self-report 

questionnaire examining various facets of aggression, however only two subscales of 

overt aggression were examined in the current study. Reactive aggression consists of 

aggression in response or retaliation to perceived provocation (e.g., “If others have 

angered me, I often hit, kick or punch them”), while Instrumental aggression involves a 

planned action in order to achieve a goal (e.g., “I often hit, kick, or punch others to get 

what I want”). Participants were asked to indicate how true the statement was about 

them during the past three months on a scale ranging from ‘Not at all true’ (0) to 

‘Completely true’ (3). Responses are summed into total scores, with higher scores 

indicative of engaging in that type of aggression more often. An evaluation of internal 

consistency found α values of .82 for the Reactive Overt aggression scale, and .84 for 

the Instrumental Overt aggression scale (Little et al., 2003).  

Questions regarding the factor structure of the FFAM have been raised in the 

literature (i.e., Lee, Penney, Odgers, & Moretti, 2010). Therefore, the factor structure of 

the FFAM overt reactive and instrumental aggression subscales was examined for the 

current study. Only these two FFAM scales were administered in the current study; it 

was not possible to examine the full factor structure of the FFAM, as per Lee and 

colleagues (2010). Data from the full study sample at the baseline interview were used in 
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order to achieve a larger sample size for the analyses (n = 160). A principle axis 

exploratory factor analysis was conducted with 12 FFAM items. In order to assist with 

interpretation, an oblique rotation was applied (Direct Oblimin), which is appropriate in 

instances where the scales are expected to be correlated (Field, 2013). 

The results from the factor analysis indicated a two-factor solution, which 

represented predominantly instrumental (factor 1) and reactive (factor 2) aggression. 

The FFAM reactive aggression items did not load fully on a single factor; one item 

loaded most strongly on factor 1 (item 6 factor loading = 0.57), while another item loaded 

most strongly on the reactive factor, but to a low degree that suggested poor fit (item 4 

factor loading = 0.13). In contrast, all overt instrumental aggression items loaded 

strongly onto a single factor (all > .84). Thus, there does appear to be overlap between 

the two constructs of reactive and instrumental aggression, but overall they appear to 

represent reasonably distinct factors. Also, with the current sample, it appeared that the 

instrumental aggression subscale was more cohesive than the reactive aggression 

subscale. See Appendix D for a table of the results. 

Official Records. At the end of the study, official youth and adult records were 

obtained through CORNET, a province-wide justice database. These records were used 

to code official criminal code charges and convictions that took place during and 

following the study period.  

As measured by official records, general recidivism was defined as an official 

charge or conviction for any criminal code offence taking place during the follow up 

period. Official charges included any violent, non-violent, and sexual offences, as well as 

violation offences (i.e., failure to comply with probation conditions, breach of 

recognizance).  

As measured by official records, violent recidivism was defined as an official 

charge or conviction for any criminal code offence which indicated actual, attempted or 

threatened bodily harm, taking place during the follow up period. This included both 

sexual and non-sexual violent offences.  
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For this study, official record variables represent the sum total number of charges 

or convictions across the follow up period. Thus, this outcome is count data, indicating 

the frequency of the outcome during the follow up period. Higher counts indicate higher 

rates of recidivism. 

2.2.6. Analyses 

Question 1: Are self-report and performance-based measures of impulsivity 
related?  

Correlations (Pearson zero-order) were used to determine the degree of 

relationship among the EJIS and GoStop measures of impulsivity. Concurrent validity 

with other variables was also assessed with correlations in order to determine whether 

the impulsivity measures were associated with any other similar constructs. 

Question 2: After controlling for other factors, can scores on the 
performance-based and self-report impulsivity instruments predict 
adolescent reoffending? 

The outcomes used in this study were count data, which are intrinsically 

heteroscedastic, right-skewed, and tend to have variance that increases with the mean 

(Hilbe, 2007). Under these conditions, the recommendation in the literature is the 

implementation of negative binomial regression models, which is a generalized linear 

model (GLM). Negative binomial regression is preferable to log-transformed linear 

regressions due to the loss of data when taking the log of zero (which is undefined). 

Zero-inflated models were deemed inappropriate because all 0’s in the outcome 

represent true 0’s (no new charge or conviction on official records), not a secondary 

cause (opportunity).  

Negative binomial is preferable to Poisson distributions in many cases because 

most real data display overdispersion, where the variance around the outcome mean is 

greater than the mean. Overdispersion can be determined in a generalized linear model 

if the value of the Pearson chi-squared statistic divided by the degrees of freedom is 

greater than 1.0. When dispersion is measured as greater than 1.25, then a correction 

may be warranted in order to identify a better fitting model (Hilbe, 2007). The addition of 
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a dispersion parameter to a Poisson model corrects for the overdispersion. The Poisson 

distribution is a form of the negative binomial distribution, where the dispersion around 

the mean is zero (mean = variance). Increasing degrees of dispersion around the mean 

can be accounted for in the negative binomial model through increasing values to the 

parameter. Values of the dispersion parameter in real datasets typically are between 0 

and 4 (Hilbe, 2007). Moreover, negative binomial is also preferred over Poisson 

distributions because interpretation and acceptance of an overdispersed Poisson model 

can increased risk of Type 1 error. Thus, in most cases, the negative binomial model is a 

more conservative statistical procedure than the Poisson model. Finally, the Poisson 

distribution operates best when sample size is 100 or more and probability of event is 

.05 or less (Greene, 2002), which was typically not the case for the current study. 

Therefore, negative binomial regression models were predominantly used; there was 

one instance where fit statistics suggested a Poisson model was a more appropriate fit, 

and this was noted in the Results. 

Various versions of the negative binomial model have been derived, and there 

are numerous ways to calculate the dispersion parameter (Hilbe, 2007). In general, it is 

preferable to estimate the dispersion parameter, and there are also a number of ways to 

estimate this parameter, each with pros and cons (see Al-Khasawneh, 2010 for a 

description). SPSS presently uses Maximum Likelihood Estimate (MLE) equations and 

procedures, but this approach can yield problems. For instance, in cases of under-

dispersion or when the mean and variance equal 0, the maximum likelihood estimate for 

the dispersion parameter does not exist (Levin & Reeds, 1977). Also, simulation studies 

indicate that in cases when the variance is close to the mean (similar but greater value), 

the procedure yields large and inaccurate estimates (Al-Khasawneh, 2010). Since it 

employs an iteration process, estimating the dispersion parameter through MLE adds 

substantial complexity to the already complex process of calculating the regression 

models, and for this reason, some authors recommend entering an estimate or constant 

as an alternative, or using an entirely different method of estimation (Hilbe, 2007).  

Presently, SPSS does not offer alternative methods of estimating the dispersion 

parameter, but does allow for the manual entry of a constant as the parameter. The 

SPSS default constant is 1.0, which corresponds to the geometric version of the 
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negative binomial regression in the literature, and produces a distribution shape that fits 

“many types of [count] data”, such as counts that steadily decline (Hilbe, 2007, p. 138), 

making it a preferable alternative to estimating the parameter. A Lagrange Multiplier Test 

can be conducted to test hypotheses about the dispersion parameter. For instance, 

under the Poisson model, the Lagrange Multiplier Test evaluates the hypothesis of 

whether the dispersion parameter is greater than or less than 0, with a significant result 

indicating that the Poisson model is unlikely to provide the best fit to the data. Under the 

negative binomial model, the Lagrange Multiplier Test evaluates the hypothesis of 

whether the dispersion parameter is significantly different from the constant value that 

was input, with a significant result indicating that the dispersion parameter has not been 

accurately estimated. For instance, upon running the geometric negative binomial 

model, the Lagrange Multiplier Test may indicate that the dispersion parameter is not 

equal to 1, and therefore the parameter may be estimated. The Lagrange Multiplier 

cannot be measured for the MLE models; it is calculated only when a dispersion 

parameter is set as a constant. However, the Lagrange Multiplier is used in conjunction 

with other statistics to determine the best model fit. 

In the GLM negative binomial procedure, some aspects of assessing model fit 

are slightly different from those of a linear regression, but concepts remain the same. 

The primary concern in negative binomial models is finding a model where the Pearson 

chi-squared deviance statistic (Pearson chi-squared divided by the degrees of freedom) 

is under 1.25, which indicates that the dispersion has been adequately addressed by the 

model (Hilbe, 2014). In conjunction, Bayesian Information Criterion (BIC) values were 

used to compare models and determine better fit, with smaller values indicating a better 

fit (Hilbe, 2014). All predictor variables were standardized, as per Swartout, Thompson, 

Koss, and Su (2015), in order to more accurately estimate odds ratios and confidence 

intervals (Irala, Fernandez-Crehuet Navajas, & Serrano del Castillo, 1997) and equalize 

the measure metrics. In place of standardized residuals, the standardized deviance 

residuals were examined for goodness of model fit, with any cases ≥ |3.00| removed as 

an indication of poor fit with the model (Hilbe, 2014). Cook’s Distance statistic was also 

examined, with any values ≥ 1.00 removed as an indication of an outlier with undue 

influence on the analyses (Cook & Weisberg, 1982). Instances where the results were 

different before and after removing outliers are noted by a footnote. 
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A general methodology for conducting negative binomial regressions with count 

data has been proposed by Hilbe (2007, 2014). The process for GLM negative binomial 

regression for this study follows this general methodology, as is outlined here. Beginning 

with the Poisson model, the overdispersion was assessed through the Pearson chi-

squared deviance statistic. Alternative explanations for dispersion were examined, 

including examining standardized deviance residuals and distance scores for fit and 

outliers, and exploring the effect of rescaling some predictors. If substantial 

overdispersion remained, a negative binomial model was assumed to be a more 

appropriate model. The geometric model was tested first, to provide a preliminary 

evaluation of how the negative binomial distribution may influence the overdispersion 

and fit statistics. If there was improvement, then MLE methods were used to estimate 

the dispersion parameter, which was then entered into a negative binomial model as a 

dispersion constant. Fit and outlier statistics were examined for the final model; the 

model was refit and retested beginning with MLE if outliers were removed. In some 

models, SPSS errors indicated that the MLE process was not able to accurately estimate 

the dispersion parameter. When this occurred, the parameter was estimated manually 

until the fit statistics were acceptable. 

Question 3: After controlling for the alternate measure of impulsivity and 
other factors, can each impulsivity instrument predict reoffending? 

Negative binomial regressions were also conducted to address this research 

question (see Question 2 for more details). Poisson and negative binomial regressions 

were conducted sequentially, and the model with the best fit according to Pearson chi-

squared deviance statistics, BIC, and Lagrange Multiplier Test results was selected for 

interpretation. For all models, the negative binomial model with the estimated dispersion 

parameter was preferred over others. Models controlled for gender, age, and age of first 

arrest, and both GoStop and EJIS impulsivity scores were entered simultaneously. With 

5 outcomes, 5 models in total were conducted. 
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Question 4: How will the impulsivity measures, both self-report and 
performance-based, relate with different functions of aggression, including 
reactive and instrumental aggression? 

The dependent variable used in these analyses is a quasi-count, ordinal sum of 

the frequency of functions of aggression, so it was unclear which type of GLM would be 

most appropriate. To make this determination, dependent variable distribution features 

were examined, including mean, standard deviation, and skew, which indicated that 

negative binomial regressions would likely be appropriate (see Question 2 for more 

details). Poisson and negative binomial regressions were conducted sequentially, and 

the model with the best fit according to Pearson chi-squared deviance statistics, BIC, 

and Lagrange Multiplier Test results was selected for interpretation. For all models, the 

negative binomial model with the estimated dispersion parameter evidenced better fit 

over others.  

Question 5: Are there gender differences in impulsivity, offending, and the 
relationships among impulsivity and outcomes of reoffending and 
violence? 

First, preliminary analyses of bivariate statistics, including mean comparisons 

(Analysis of Variance; ANOVA) and correlations (Spearman rs), were conducted to 

examine possible gender differences on impulsivity measures and outcomes. Effect 

sizes were evaluated according to Cohen’s recommendations (1992), where a small 

effect r ≥ .10, medium effect r ≥ .30, and large effect r ≥ .50. 

Following this, moderator analyses were conducted to test whether gender 

moderated the relationship between impulsivity and reoffending. Moderator analyses 

followed the Baron and Kenney (1986) methodology. Typically, this method employs 

stepwise linear regressions to test the effect of the interaction term (moderator in step 2) 

beyond that of the two factors individually (step 1).  

Because the offending outcomes used in this study are count data, negative 

binomial regression was used instead of linear regression (see Question 2 for more 

details). All predictors were entered in the same step of the regression analysis, 

consistent with the approach taken by other researchers using negative binomial 

regression models (Green, 2002), and due to the limitation in SPSS to perform the 



 

43 

analyses in a stepwise fashion. Before the regressions were conducted, all continuous 

variables were mean centred around zero in order to reduce collinearity. All continuous 

variables were mean centred before creating the interaction term (Baron & Kenney, 

1986). In the analyses, if the interaction term was significant, this provided evidence that 

gender altered the strength and/or direction of the relationship between impulsivity 

scores and offending, and a moderation effect was interpreted as present.  

2.3. Results 

2.3.1. Descriptives & study measures 

Impulsivity 

A summary of the psychometric properties for all impulsivity variables used 

across all analyses is presented in Table 3. Skew and kurtosis were examined according 

to guidelines provided in West, Finch, & Curran, (1995), which indicate that skew > 2 

and kurtosis > 7 represent a substantial departure from normal distribution. Internal 

consistency (Cronbach α) was evaluated according to guidelines by Nunnally and 

Bernstein (1978), where α > 0.90 is excellent internal consistency, 0.80 - 0.89 is good, 

0.70 - 0.79 is fair, and < 0.69 is poor. 

According to skew and kurtosis statistics, the EJIS Total scores were not 

substantially skewed or peaked. However, skew and peakedness were observed in the 

GoStop NoStop, and Novel Trial Inhibition scores, indicating departure from a normal 

distribution.  
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Table 3. Psychometric Properties of all Impulsivity Variables 

Variable n M SD Range Skew Kurtosis Alpha 

EJIS  

       Total  103 9.56 4.71 1.00-22.00 0.45 -0.52 0.79 

GoStop  

       150ms Stop Trial Inhibition 87 0.56 0.25 0.00-1.00 -0.09 -0.62 .. 

350ms Stop Trial Inhibition 87 0.24 0.19 0.00-0.95 1.46 2.31 .. 

NoStop Trial Inhibition 87 0.12 0.11 0.00-0.61 2.14 5.74 .. 

Novel Trial Inhibition 87 0.90 0.21 0.05-1.00 -3.22 9.71 .. 

Note. EJIS: Eysenck Junior Impulsiveness Scale; The .. indicates that internal consistency was not 
applicable to this variable. 

Internal consistency was fair for the EJIS total score in this sample. As traditional 

validity analyses do not apply to the GoStop task, other analyses were conducted to 

examine attention and motivation. Looking at the overall sample, GoStop scores 

worsened with increasing cue latency, with fewer commission errors on the easier trials 

(50ms) and more errors on the more difficult trials (350ms). Also, youths had the fewest 

responses to the unmatched trials, and the most responses on matched ‘go’ trials. This 

pattern suggests overall good motivation and attention to the task. Examining individual 

response patterns, the majority of youths attended to task instructions to click when the 

numbers matched (90.8% of youths responding on 75.0% or greater of the NoStop 

trials), and did not click when the numbers did not match (89.7% of youths responding 

on 25.0% or fewer of the Novel trials). Subsequent analyses were conducted excluding 

outliers by default, so extreme scores here were not removed.  

The GoStop variables were examined for possible multicollinearity, since they 

were derived from the same tool. Multicollinearity can reduce the efficiency of regression 

analyses (Hilbe, 2007). Examination of the variance inflation factor and tolerance 

statistics indicated no significant problems with multicollinearity (based on 

recommendations of Menard, 1995). However, examination of correlations among the 

GoStop variables indicated very strong associations among some of the scores (r > .75). 

To reduce redundant predictors in the regression analyses, and increase the power of 

the analyses, the 50ms and 250ms Stop trial scores were not included in subsequent 

analyses. 
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Outcomes 

Recidivism was examined through self-report and official records that were 

measured prospectively at 3-month and 12-month points following the administration of 

the impulsivity tools. Table 4 outlines the outcomes that were used at each follow up. 

Unlike self-report data, official records were available for a period post-study, allowing 

for the longer, 12-month follow up period. 

Table 4. Outcomes at each Follow up 

Outcome 3 Month Follow Up 12 Month Follow Up 

Official Records  
  

Any Recidivism  X X 

Violent Recidivism (X) X 

SRO  
  

Any Recidivism  X 
 

Violence  X 
 

FFAM 
  

Reactive Aggression X 
 

Instrumental Aggression X   

Note: 3M: 3-month; 12M: 12-month; SRO: Self-Report of Offending; (X) indicates data were available, but 
not included in subsequent analyses; FFAM: Form-Function Aggression Measure. 

A summary of the psychometric properties for all outcome variables used across 

all analyses is presented in Table 5. As would be expected with count data, there is a 

substantial positive skew on nearly all of the outcome variables, according to skew and 

kurtosis statistics (West et al., 1995). Examination of frequencies reveals that this skew 

is likely due to the high number of 0 counts. Where possible to calculate, all Cronbach α 

statistics indicated good to excellent internal consistency.  
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Table 5. Psychometric Properties of all Outcome Variables 

Variable n M  SD Range Skew Kurtosis Alpha 

SRO (3M) 

       Any 83 5.31 9.94 0.00 - 62.00 3.44 14.49 0.94 

Violent 83 2.07 4.04 0.00 - 24.00 2.91 10.68 0.88 

FFAM (3M) 

       Reactive 83 5.89 4.49 0.00 - 18.00 0.98 0.57 0.89 

Instrumental 83 1.58 3.91 0.00 - 18.00 3.25 10.65 0.98 

Official Offences (3M) 

       Any 104 0.37 0.96 0.00 - 7.00 4.17 23.06 .. 

Violent 104 0.07 0.40 0.00 - 3.00 6.1 37.62 .. 

Official Offences (12M) 

       Any 104 1.26 3.08 0.00 - 21.00 3.82 18.15 .. 

Violent 104 0.40 1.35 0.00 - 10.00 5.03 29.48 .. 

Note. SRO: Self-Report of Offending; 3M: 3-month; FFAM: Form-Function Aggression Measure; 12M: 12-
month; The .. indicates that internal consistency was not applicable to this variable. 

Frequency rates of the outcomes are also relevant to further analyses. If 

frequency rates are too low, further analyses cannot be conducted. Although negative 

binomial models are specified for count data, these models can yield errors when the 

outcome frequencies are not varied enough to cover the range of predictor values (Hilbe, 

2007). Table 6 displays official records of charges and convictions at each follow up. 

While percentages are roughly similar across genders, the cell counts are substantially 

lower for girls than boys, due to the low sample size. Violent recidivism at the 3-month 

follow up was low (i.e., 2.9%, n = 3), and yielded problems and errors in the regression 

models, so this outcome was excluded from the subsequent analyses. 

Table 6. Rates of Official Charges or Convictions at each Follow up 

 

3 Month Follow up 12 Month Follow up 

 

Any Recidivism 

%, n 

Violent Recidivism  

%, n 

Any Recidivism  

%, n 

Violent Recidivism 

%, n 

Total 20.2 21 2.9 3 28.8 30 15.4 16 

Boys 20.3 14 2.9 2 29.0 20 17.4 12 

Girls 20.0 7 2.9 1 28.6 10 11.4 4 

Note. N = 104 for official records follow up data. Recidivism is cumulative: 0 to 3 months, 0 to 6 months, 0 to 
12 months. 



 

47 

Frequency rates of the FFAM aggression outcome was also examined. Due to 

the use of a Likert-type scale, this outcome is slightly different from the others that 

represent count or quasi-count data. Overall, there was a range of endorsement on both 

the Reactive and Instrumental scales, from the minimum (0) to maximum (18) in total 

scores. However, there was a more substantial positive skew on the Instrumental scale 

than the Reactive scale. Examination of frequencies revealed a much lower 

endorsement of engagement in instrumental aggression (73.5% of youths with total 

score = 0), than reactive aggression (6.0% of youths with total score = 0).  

Other variables 

A summary of the psychometric properties for all other variables used across the 

analyses is presented in Table 7. According to skew and kurtosis statistics (West et al., 

1995), these variables were not substantially skewed or peaked. Where possible to 

calculate, the Cronbach α statistic indicated fair internal consistency. 

Table 7. Psychometric Properties of all Other Variables 

Variable n M SD Range Skew Kurtosis Alpha 

Age of 1st Arrest 107 14.07 1.74 9.00 - 17.00 -0.67 -0.01 .. 

WIC 

       Total 95 25.74 6.21 13.00 - 40.00 0.16 -0.38 0.74 

PAI-A (BL) 

       Alcohol problems 106 61.95 16.03 43.00 - 110.00 1.12 0.57 .. 

Drug problems 106 69.51 16.64 44.00 - 107.00 0.42 -0.53 .. 

Stimulus seeking 106 53.22 9.48 33.00 - 76.00 0.26 -0.70 .. 

Note: The .. indicates that internal consistency was not applicable to this variable; WIC: Weinberger Impulse 
Control Scale; PAI-A: Personality Assessment Inventory-Adolescent Version; BL: Baseline interview data.  

2.3.2. Question 1: Are self-report and performance-based 
measures of impulsivity related?  

Findings regarding the correlations among the self-report and performance-

based measures are presented in Table 8. None of the GoStop inhibition scores were 

significantly associated with the EJIS total scores. Pearson correlation coefficients 

corresponded to effect sizes that were less than a small effect (i.e., all rs < .1). 
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Since the correlations were non-significant, follow up analyses of concurrent 

validity with other possible correlates were conducted. Higher impulse control as 

measured by the EJIS scores was associated with higher impulse control as measured 

by the WIC. Also, higher impulse control as measured by the EJIS was associated with 

lower T scores on the PAI scales of Alcohol Problems, Drug Problems, and Stimulus 

Seeking. The GoStop Inhibition scores were not associated with any of these possible 

correlates. All correlation coefficients were in the small to less than small effect size 

range (i.e., all rs < |-0.13|, ps > .05). The same pattern of results was obtained with the 

multiple imputation data. 

Table 8. Correlations Among Impulsivity-Related Measures 

 

EJIS total WIC total 
PAI-Alcohol 
Problems 

PAI-Drug 
Problems 

PAI-Stimulus 
Seeking 

EJIS total .. 0.62*** -0.31*** -0.46*** -0.29** 

150ms Inh 0.04 -0.04 0.13 -0.13 0.04 

350ms Inh -0.04 -0.08 0.08 -0.01 -0.07 

NoStop Inh 0.06 0.05 -0.02 0.05 0.04 

Novel Inh -0.01 -0.07 0.03 -0.05 0.03 

Note. EJIS: Eysenck Junior Impulsiveness Scale; WIC: Weinberger Impulse Control Scale; PAI: Personality 
Assessment Inventory-Adolescent Version; Inh: Inhibition * p ≤ .05, ** p ≤ .01, *** p ≤ .001. 

2.3.3. Question 2: After controlling for other factors, can scores on 
the performance-based and self-report impulsivity 
instruments predict adolescent reoffending? 

As presented in Table 9, while controlling for gender and age effects, very few of 

the GoStop Inhibition scores were predictive of reoffending at either 3-month or 12-

month follow ups. Accurate/less impulsive performance on the NoStop trials was 

associated with lower rates of general reoffending at the 3-month, but not the 12-month 

follow up. Accurate/less impulsive performance on the Novel trials was associated with 

fewer violent offences at the 12-month, but not the 3-month follow up. GoStop scores 

were not associated with SRO scores. The pattern of results was the same with the 

multiple imputation data, and was significant at the p = .10 level of significance.  
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Table 9. Negative Binomial Regression Models with GoStop Predictors 

3M Follow up Any Reoffending (Official Records) SRO-Any 

 

b (SE) Exp (b) 95% CI p b (SE) 
Exp 
(b) 95% CI p 

Sex 0.24 (0.61) 1.27 0.39-4.16 .69 0.46 (0.43) 1.58 0.68-3.67 .28 

Age -0.39 (0.29) 0.67 0.38-1.19 .18 -0.18 (0.23) 0.84 0.53-1.32 .45 

150ms Inh 0.50 (0.35) 1.65 0.83-3.27 .15 -0.09 (0.25) 0.92 0.56-1.5 .74 

350 Inh -0.40 (0.40) 0.67 0.31-1.45 .31 0.15 (0.24) 1.16 0.73-1.85 .54 

NoStop Inh 0.49 (0.25) 1.63 1.00-2.66 .05 0.33 (0.22) 1.39 0.89-2.15 .14 

Novel Inh -0.25 (0.21) 0.78 0.51-1.18 .24 0.24 (0.25) 1.27 0.79-2.06 .33 

LR χ2 Model Fit χ2 = 13.27, p = .04, n = 85 χ2 = 7.12, p = .31, n = 70 

3M Follow up SRO-Violent 

     b (SE) Exp (b) 95% CI p 

    Sex 0.50 (0.58) 1.66 0.53-5.21 .39 

    Age 0.50 (0.58) 0.70 0.39-1.26 .24 

    150ms Inh -0.35 (0.30) 0.84 0.45-1.57 .58 

    350 Inh -0.18 (0.32) 1.43 0.77-2.64 .25 

    NoStop Inh 0.36 (0.31) 1.28 0.73-2.26 .39 

    Novel Inh 0.25 (0.29) 1.10 0.59-2.07 .76 

    LR χ2 Model Fit χ2 = 6.64, p = .36, n = 70 

    12M Follow up Any Reoffending (Official Records) Violent Reoffending (Official Records) 

 b (SE) Exp (b) 95% CI p b (SE) 
Exp 
(b) 95% CI p 

Sex 0.36 (0.64) 1.44 0.41-5.08 .58 -0.53 (0.71) 0.59 0.15-2.39 .46 

Age -0.25 (0.43) 0.78 0.33-1.81 .56 -0.29 (0.20) 0.75 0.50-1.12 .16 

150ms Inh 0.51 (0.37) 1.66 0.80-3.45 .17 0.25 (0.39) 1.28 0.60-2.75 .52 

350 Inh -0.43 (0.40) 0.65 0.30-1.42 .28 -0.23 (0.57) 0.79 0.26-2.42 .69 

NoStop Inh 0.47 (0.26) 1.59 0.95-2.67 .08 0.54 (0.34) 1.72 0.88-3.36 .11 

Novel Inh -0.33 (0.25) 0.72 0.44-1.16 .18 -0.82 (0.16) 0.44 0.32-0.60 ≤ .001 

LR χ2 Model Fit χ2 = 11.26, p = .08, n = 85 χ2 = 42.34, p ≤ .01, n = 80 

Note. 3M: 3-month; SRO: Self-Report of Offending; b: Beta coefficient; SE: Standard Error of b; Exp(b): 
Odds Ratio; CI: Confidence Interval of Odds Ratio; LR: Inh: Inhibition; LR: Likelihood Ratio; 12M: 12-month. 

Separate results for the EJIS regressions are presented in Table 10. Controlling 

for gender and age effects, the EJIS significantly predicted all outcomes. Self-reports of 

higher impulse control were associated with lower general reoffending, according to both 

official records and self-report. Self-reports of higher impulse control were also 

associated with fewer violent offences during follow up, according to both official records 

and self-report. The EJIS was a slightly stronger predictor of official records, wherein for 
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every 1-point increase in impulse control on the EJIS score, the incident rate of general 

reoffending at the 3-month follow up decreased by 63.6%, and the incident rate of violent 

reoffending at the 12-month follow up decreased by 59.8%. There were differences 

before and after removing outliers for the three models predicting the SRO and official 

records of violence outcomes. Before removing outliers, all predictors were non-

significant. 

Age was also a significant predictor of official general reoffending at 3-months, 

and violent reoffending at 12-months. Rates of reoffending were significantly lower 

among the older youth. The pattern of results was the same with the multiple imputation 

data, with the exception that the EJIS total score was significant at the p = .10 level as a 

predictor of violent reoffending at the 12-month follow up. 
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Table 10. Negative Binomial Regression Models with EJIS predictors 

3M Follow 
up Any Reoffending (Official Records) SRO-Any 

 

b (SE) Exp (b) 95% CI p b (SE) Exp (b) 95% CI p 

Sex 0.34 (0.40) 1.41 0.65-3.08 .39 0.32 (0.38) 1.38 0.65-2.91 .40 

Age -0.63 (0.17) 0.53 0.39-0.74 ≤ .001 -0.13 (0.20) 0.88 0.59-1.30 .51 

EJIS total -1.01 (0.23) 0.36 0.23-0.57 ≤ .001 -0.73 (0.20) 0.48 0.32-0.72 ≤ .001 

LR χ2 Model 
Fit χ2 = 37.49, p ≤ .001, n = 100 χ2 = 15.84, p ≤ .001, n = 79 

3M Follow 
up SRO-Violent 

    

 

b (SE) Exp (b) 95% CI p 

    Sex 0.28 (0.47) 1.32 0.52-3.32 .56 

    Age -0.36 (0.24) 0.70 0.43-1.13 .15 

    EJIS total -0.78 (0.26) 0.46 0.28-0.76 ≤ .01 

    LR χ2 Model 
Fit χ2 = 13.16, p ≤ .001, n = 79 

    12M Follow 
up Any Reoffending (Official Records) Violent Reoffending (Official Records) 

 

b (SE) Exp (b) 95% CI p b (SE) Exp (b) 95% CI p 

Sex 0.71 (0.56) 2.03 0.67-6.11 .21 0.38 (0.88) 1.46 0.26-8.23 .67 

Age -0.78 (0.41) 0.46 0.20-1.02 .06 -0.82 (0.41) 0.44 0.20-0.98 .04 

EJIS total -0.83 (0.31) 0.44 0.24-0.81 .01 -0.91 (0.44) 0.40 0.17-0.94 .04 

LR χ2 Model 
Fit χ2 = 15.88, p ≤ .001, n = 100 χ2 = 11.79, p = .01, n = 99 

Note. 3M: 3-month; SRO: Self-Report of Offending; b: Beta coefficient; SE: Standard Error of b; Exp(b): 
Odds Ratio; CI: Confidence Interval of Odds Ratio; LR: Likelihood Ratio; 12M: 12-month. 

2.3.4. Question 3: After controlling for the alternate measure of 
impulsivity and other factors, can each impulsivity 
instrument predict reoffending? 

As presented in Table 11, even after controlling for the effects of gender, age, 

age of first offence, and EJIS scores, the GoStop scores were significant predictors of 

official records of both general and violent reoffending. Performance on the NoStop trials 

was particularly consistent in predicting reoffending across both follow up periods, 

wherein for every 1-point increase in the inhibition score (lower accuracy/lower impulse 

control), the incident rate of general reoffending at the 3-month follow up increased by 

62.3%, and 81.1% at the 12-month follow up. Performance on the Novel trials also 
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predicted reoffending at the 12-month follow up, wherein higher accuracy was 

associated with lower general and violent reoffending on official records. Performance 

on the GoStop did not contribute to prediction of self-reported reoffending outcomes. 

Similarly, the EJIS scores were significant predictors of reoffending after 

controlling for the effects of gender, age, age of first offence, and the GoStop scores. 

Higher EJIS scores were associated with lower reoffending according to official records 

and self-report (all b coefficients negative in value). The EJIS was a slightly stronger 

predictor of official records, wherein for every 1-point increase in impulse control on the 

EJIS, the incident rate of reoffending on official records decreased by 63.3 – 68.6%, and 

the incident rate of reoffending on self-report decreased by 52.4 – 57.6%. Again, as with 

question 2, the EJIS was the most consistent predictor of outcomes of recidivism. 

The control variable, age at first arrest, was also a significant predictor of official 

records of reoffending at 12-month follow up, both general (b = -0.92) and violent 

reoffending (b = -1.14). Younger age of first arrest was associated with higher rates of 

reoffending at 12-month follow up.  

Nearly all models tested here required removal of outliers (see Analyses for 

details on criteria for outliers). For models predicting the 3-month SRO outcomes, age 

was a significant predictor before removing outliers. For models predicting the 12-month 

outcomes, there were no differences before and after removing outliers. 

With multiple imputation data, results for the 3-month SRO general reoffending 

and 12-month official records of violent reoffending were the same. For the 3-month 

SRO violent reoffending model, only age of first arrest was a significant predictor. For 

the 3-month official records of general reoffending, only age of first arrest, and EJIS 

were significant predictors. For the 12-month official records general reoffending, only 

age of first arrest, EJIS, and Novel Inhibition scores were significant predictors (full 

multiple imputation data available upon request). 
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Table 11. Negative Binomial Regression Models with all Variables 

3M Follow up Any Reoffending (Official Records) SRO-Any 

 

b (SE) Exp(b) 95% CI p b (SE) Exp(b) 95% CI p 

Sex -0.17 (0.51) 0.85 0.31-2.32 .74 -0.09 (0.39) 0.91 0.43-1.96 .82 

Age -0.20 (0.24) 0.82 0.51-1.32 .42 -0.04 (0.25) 0.96 0.60-1.56 .88 

Age 1st arrest -0.47 (0.26) 0.62 0.38-1.03 .07 -0.27 (0.21) 0.76 0.51-1.14 .19 

EJIS total -1.00 (0.27) 0.37 0.21-0.63 ≤ .001 -0.74 (0.20) 0.48 0.32-0.70 ≤ .001 

150ms Inh 0.51 (0.30) 1.66 0.92-2.99 .09 -0.01 (0.23) 0.99 0.63-1.57 .98 

350 Inh -0.50 (0.34) 0.61 0.31-1.18 .14 -0.04 (0.22) 0.96 0.63-1.46 .85 

NoStop Inh 0.48 (0.19) 1.62 1.12-2.36 .01 0.22 (0.20) 1.24 0.84-1.84 .28 

Novel Inh -0.28 (0.16) 0.76 0.55-1.04 .09 0.02 (0.22) 1.02 0.66-1.58 .93 

LR χ2 Model 
Fit χ2 = 42.75, p ≤ .01, n = 82 χ2 = 25.84, p ≤ .01, n = 68 

3M Follow up SRO-Violent 

    

 

b (SE) Exp(b) 95% CI p 

    Sex -0.12 (0.52) 0.89 0.32-2.47 .82 

    Age -0.25 (0.30) 0.78 0.43-1.41 .41 

    Age 1st arrest -0.35 (0.25) 0.70 0.43-1.16 .17 

    EJIS total -0.86 (0.26) 0.42 0.26-0.70 ≤ .001 

    150ms Inh -0.10 (0.29) 0.91 0.51-1.61 .74 

    350 Inh 0.15 (0.27) 1.16 0.68-1.99 .58 

    NoStop Inh 0.13 (0.25) 1.14 0.70-1.85 .60 

    Novel Inh -0.19 (0.27) 0.83 0.49-1.41 .49 

    LR χ2 Model 
Fit χ2 = 23.96, p ≤ .01, n = 68 

    12M Follow 
up Any Reoffending (Official Records) Violent Reoffending (Official Records) 

 

b (SE) Exp(b) 95% CI p b (SE) Exp(b) 95% CI p 

Sex -0.35 (0.60) 0.71 0.22-2.30 .56 -0.73 (0.82) 0.48 0.10-2.38 .37 

Age 0.23 (0.38) 1.25 0.59-2.67 .55 0.52 (0.40) 1.69 0.77-3.68 .19 

Age 1st arrest -0.92 (0.28) 0.40 0.23-0.69 ≤ .001 -1.14 (0.35) 0.32 0.16-0.64 ≤ .001 

EJIS total -1.06 (0.32) 0.35 0.19-0.65 ≤ .001 -1.16 (0.41) 0.31 0.14-0.71 .01 

150ms Inh 0.57 (0.35) 1.76 0.89-3.49 .10 0.04 (0.45) 1.04 0.43-2.52 .93 

350 Inh -0.67 (0.37) 0.51 0.25-1.06 .07 -0.24 (0.50) 0.78 0.30-2.07 .62 

NoStop Inh 0.59 (0.27) 1.81 1.07-3.06 .03 0.94 (0.28) 2.57 1.49-4.44 ≤ .001 

Novel Inh -0.71 (0.27) 0.49 0.29-0.84 .01 -0.85 (0.24) 0.43 0.26-0.69 ≤ .001 

LR χ2 Model 
Fit 

χ2 = 42.51, p ≤ .001, n = 81 χ2 = 64.61, p ≤ .001, n = 81  
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[Continued from previous page] 
Note. 3M: 3-month; SRO: Self-Report of Offending; b: Beta coefficient; SE: Standard Error of b; Exp(b): 
Odds Ratio; CI: Confidence Interval of Odds Ratio; EJIS: Eysenck Junior Impulsiveness Scale; Inh: 
Inhibition; LR: Likelihood Ratio; 12M: 12-month. 

2.3.5. Question 4: How will the impulsivity measures, both self-
report and performance-based, relate with different functions 
of aggression, including reactive and instrumental 
aggression? 

As presented in Table 12, while controlling for the effects of gender and age, 

both EJIS scores and the GoStop inhibition scores were significant predictors of 

aggression in their separate models. The EJIS scores were predictive of both types of 

aggression, with a slightly stronger effect on instrumental aggression than reactive 

aggression. For every unit increase in self-reported impulse control, the incident rate of 

reactive aggression declined by 37.0%, and the incident rate of instrumental aggression 

declined by 78.0%. GoStop scores were not a significant predictor of reactive 

aggression, but were linked with instrumental aggression. As inhibition on the 350ms 

stop trial task increased by 1-unit (more impulse control), the incident rate of 

instrumental aggression declined by 94.0%. Also, higher accuracy on the NoStop trials 

predicted less engagement in instrumental aggression.  

With multiple imputation data, results for nearly all models were the same. For 

the instrumental aggression by GoStop inhibition model, none of the predictors were 

significant with multiple imputation data. 
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Table 12. Negative Binomial Regression Models for Aggression 

3M Follow 
up FFAM Reactive Aggression FFAM Instrumental Aggression 

 

b (SE) Exp(b) 95% CI p  b (SE) Exp(b) 95% CI p  

Sex 0.05 (0.17) 1.05 0.76 - 1.46 .75 0.15 (0.70) 1.17 0.29 - 4.63 .83 

Age 0.03 (0.09) 1.03 0.87 - 1.22 .70 0.84 (0.53) 2.31 0.81 - 6.58 .12 

EJIS total -0.46 (0.08) 0.63 0.54 - 0.74 ≤ .001 -1.53 (0.44) 0.22 0.09 - 0.52 ≤ .001 

LR χ2 Model 
Fit χ2 = 37.03, p ≤ .001, n = 80 χ2 = 17.49, p ≤ .001, n = 79 

         Sex 0.16 (0.21) 1.17 0.78 - 1.76 .45 0.93 (0.85) 2.54 0.48 - 13.53 .27 

Age 0.09 (0.11) 1.09 0.89 - 1.34 .42 0.55 (0.58) 1.73 0.55 - 5.41 .34 

150ms Inh -0.06 (0.12) 0.94 0.74 - 1.20 .62 0.45 (0.52) 1.57 0.57 - 4.34 .38 

350 Inh 0.04 (0.13) 1.04 0.81 - 1.33 .78 -2.75 (1.01) 0.06 0.01 - 0.46 ≤ .01 

NoStop Inh 0.06 (0.11) 1.06 0.86 - 1.31 .56 1.44 (0.5) 4.2 1.56 - 11.28 ≤ .01 

Novel Inh 0.03 (0.13) 1.03 0.80 - 1.32 .84 -0.04 (0.42) 0.96 0.42 - 2.19 .93 

LR χ2 Model 
Fit χ2 = 1.898, p = .93, n = 72 χ2 = 15.81, p = .02, n = 72 

Note. FFAM: Form-Function Aggression Measure; b: Beta coefficient; SE: Standard Error of b; Exp(b): Odds 
Ratio; CI: Confidence Interval of Odds Ratio; EJIS: Eysenck Junior Impulsiveness Scale; Inh: Inhibition; LR: 
Likelihood Ratio. 

2.3.6. Question 5: Are there gender differences in impulsivity, 
offending, and the relationships among impulsivity and 
outcomes of reoffending and violence? 

An examination of basic bivariate statistics was conducted first, including means 

and correlations, followed by regression analyses. There were no significant mean 

differences between boys and girls on any of the impulsivity scores (all Fs < 3.3, ps > 

.05; see Figure 1 and Figure 2), nor on any of the reoffending and violence outcomes (all 

Fs > 3.0, ps > .05; see Figure 3 and Figure 4). There was only one instance where the 

ANOVA p-value was significant at the p = .10 level (p = .09), indicating a possible trend 

towards higher general reoffending according to 12-month follow up official records in 

males. 
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Figure 1. Gender Differences on GoStop Impulsivity Task 

 

 

Figure 2. Gender Differences on EJIS 
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Figure 3. Gender Differences on Reoffending: Self-report 

 

 

Figure 4. Gender Differences in Reoffending: Official Records 
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performance on the Novel trials of the GoStop task was associated with 12-month official 

records of violent reoffending (rs = -.31, p = .02). All significant correlations were in the 

medium or small effect size range. There were a number of correlations in the small 

effect size range that were not significant. 

None of the Spearman rs correlations were significant in the sample of girls. Non-

significant effect sizes of the correlations are presented here for exploratory purposes. 

On the EJIS, rs values were in the small effect size range, but indicated a trend toward 

the same negative association observed in boys. All remaining correlations were in the 

small effect size range, with two in the medium range (350ms inhibition and NoStop 

inhibition) that indicated positive relations with the 3-month follow up SRO-Violence 

score outcome. The general trends observed in the boys were somewhat observed in 

girls as well, but particularly for the EJIS and Novel Inhibition scores.  

Table 13. Correlations Among Impulsivity and Reoffending by Gender 

  

3M Follow up 
 

12M Follow up 

  

SRO-
Any 

SRO-
Violent 

Any 
Reoffending 

(Official 
Records) 

 

Any 
Reoffending 

(Official 
Records) 

Violent 
Reoffending 

(Official 
Records) 

Boys 

150ms Inh -0.03 0.01 0.05 
 

0.09 -0.02 

350ms Inh 0.02 0.14 -0.11 
 

-0.03 0.00 

NoStop Inh 0.12 0.07 -0.04 
 

0.06 0.14 

Novel Inh -0.14 -0.16 -0.13 
 

-0.23 -0.31* 

EJIS total -0.35** -0.25 -0.33** 
 

-0.34** -0.25* 

  
      

Girls 

150ms Inh 0.14 0.13 0.02 
 

-0.01 0.13 

350ms Inh 0.23 0.35 0.11 
 

0.21 0.27 

NoStop Inh 0.11 0.33 0.27 
 

0.22 0.15 

Novel Inh 0.17 0.01 -0.03 
 

0.02 -0.13 

EJIS total -0.10 -0.23 -0.15 
 

-0.25 0.09 

 Note: Zscores for predictors used. 3M: 3-month; 12M: 12-month; SRO: Self-Report of Offending; Inh: 
Inhibition; EJIS: Eysenck Junior Impulsiveness Scale. * p ≤ .05, ** p ≤ .01, *** p ≤ .001 

Moderator analyses were conducted with negative binomial regressions, where 

the gender, impulsivity, and gender by impulsivity interaction terms were entered 
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simultaneously to examine whether the interaction term explained any of the variance in 

the model. In all 25 models, the interaction term was never a significant predictor of the 

outcome. There were three instances where the p value for the interaction term fell 

below the p < .10 level, which are displayed in the tables below. In all the EJIS models, 

there was a simple main effect of EJIS on the outcomes, which follows with the previous 

results (Table 14). Otherwise, in 3 other models, there was a simple main effect of the 

impulsivity score (Novel Inhibition and NoStop Inhibition scores) or gender on the 

outcome, but these were not the focus of the moderator analyses. Significant findings for 

the GoStop are presented in Table 15. In one case, the overall model was non-

significant, but the individual predictors were significant (3-month SRO-Any). 

Outliers were removed for nearly all models presented below. For the analyses 

with EJIS scores, the models predicting 3-month SRO and the 12-month official records 

violent reoffending outcomes, all predictors were non-significant before removing 

outliers. For the model predicting 12-month official records any reoffending outcomes, 

there were no differences before and after removing outliers. For the analyses with 

GoStop scores using Novel inhibition scores as predictors, all predictors were non-

significant before removing outliers.  

Since the moderator analyses were non-significant, these analyses were not 

replicated with multiple imputation data. 
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Table 14. Significant Results from Moderator Analyses: EJIS 

3M Follow up SRO-Any SRO-Violent 

 

b (SE) Exp(b) 95% CI p b (SE) Exp(b) 95% CI p 

Sex 0.33 (0.38) 1.39 0.66 - 2.93 .39 0.32 (0.48) 1.21123 0.53 - 3.55 .51 

EJIS Total -0.77 (0.23) 0.46 0.29 - 0.73 ≤ .001 -0.75 (0.29) 1.37 0.27 - 0.84 .01 

EJIS x Sex 0.16 (0.49) 1.17 0.45 - 3.07 .75 -0.21 (0.66) 0.47 0.22 - 2.94 .75 

LR χ2 Model 
Fit χ2 = 15.40, p ≤ .01, n = 79 χ2 = 9.49, p = .02, n = 79 

3M Follow up Any Reoffending (Official Records) 

    

 

b (SE) Exp(b) 95% CI p 

    Sex -0.17 (0.57) 0.85 0.28 - 2.59 .77 

    EJIS Total -1.19 (0.38) 0.30 0.14 - 0.64 ≤ .01 

    EJIS x Sex 0.86 (0.65) 2.35 0.65 - 8.45 .19 

    LR χ2 Model 
Fit χ2 = 15.04, p ≤ .01, n = 100 

    12M Follow 
up Any Reoffending (Official Records) Violent Reoffending (Official Records) 

 

b (SE) Exp(b) 95% CI p b (SE) Exp(b) 95% CI p 

Sex 0.48 (0.55) 1.61 0.55 - 4.70 .38 0.33 (0.80) 1.39 0.29 - 6.64 .68 

EJIS Total -1.05 (0.36) 0.35 0.17 - 0.71 ≤ .01 -1.27 (0.50) 0.28 0.11 - 0.75 .01 

EJIS x Sex 0.67 (0.68) 1.96 0.52 - 7.47 .32 1.64 (0.93) 5.15 0.84 - 31.69 .08 

LR χ2 Model 
Fit χ2 = 12.79, p ≤ 01, n = 99 χ2 = 11.03, p = .01, n = 99 

 Note: Zscores for predictors used. 3M: 3-month; SRO: Self-Report of Offending; b: Beta coefficient; SE: 
Standard Error of b; Exp(b): Odds Ratio; CI: Confidence Interval of Odds Ratio; EJIS: Eysenck Junior 
Impulsiveness Scale; LR: Likelihood Ratio; 12M: 12-month.  
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Table 15. Significant Results from Moderator Analyses: GoStop Inhibition 

3M Follow up SRO-Any 

 

b (SE) Exp (b) 95% CI p  

Sex 1.58 (0.75) 4.86 1.13-20.95 0.03 

Novel Inh 0.02 (0.24) 1.02 0.64-1.62 0.93 

Novel Inh x Sex 3.44 (2.05) 31.13 0.56-1741.69 0.09 

LR χ2 Model Fit χ2 = 3.68, p = .30, n = 70 

12M Follow up Violent Reoffending (Official Records) 

 

b (SE) Exp (b) 95% CI p  

Sex -0.33 (0.65) 0.72 0.20-2.55 0.61 

Novel Inh -0.71 (0.15) 0.49 0.37-0.66 ≤ .001 

Novel Inh x Sex -1.24 (0.74) 0.29 0.07-1.24 0.09 

LR χ2 Model Fit χ2 = 30.43, p ≤ .001, n = 83 

12M Follow up Violent Reoffending (Official Records) 

 

b (SE) Exp (b) 95% CI p  

Sex 0.77 (0.73) 2.17 0.51-9.13 0.29 

NoStop Inh 0.59 (0.25) 1.81 1.12-2.93 0.02 

NoStop Inh x Sex 0.20 (0.72) 1.22 0.30-5.03 0.78 

LR χ2 Model Fit χ2 = 12.77, p ≤ .01, n = 85 

 Note: Zscores for predictors used. 3M: 3-month; SRO: Self-Report of Offending; b: Beta coefficient; SE: 
Standard Error of b; Exp(b): Odds Ratio; CI: Confidence Interval of Odds Ratio; Inh: Inhibition; LR: 
Likelihood Ratio; 12M: 12-month.  

2.4. Discussion 

2.4.1. Question 1: Are self-report and performance-based 
measures of impulsivity related?  

If self-report and performance-based measures address complimentary but 

distinct aspects of the overarching impulsivity construct, it would be expected that the 

self-report and performance-based tasks would be weakly associated. Similar to 

previous studies (Carroll et al., 2006; Lane et al., 2006; Reynolds et al., 2006; Reynolds 

et al., 2008; White et al.,  1994), the current study found no significant correlation among 

scores on self-report and performance-based measures. The concern of validity 

problems with the EJIS is mitigated by the fact that the GoStop scores also were not 

associated two other self-report measures (Weinberger Impulse Control Scale and PAI-
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Stimulus Seeking Scale); it appears that regardless of the type of self-report measure, 

the GoStop Inhibition scores represent a distinctly different facet of impulsivity. This 

finding aligns with those from a recent meta-analysis factor analysis that found a non-

significant association between the factor that included the Eysenck I7 and other 

conceptually similar self-report measures, and the factor that included inhibition scores 

on go/no-go tasks and other conceptually similar performance-based tasks (Sharma, 

Markon, & Clark, 2014). The inhibition tasks were not significantly associated with any of 

the various impulsivity self-report measures. Thus, the finding of no association with any 

self-report questionnaires supports the notion that the two measures may be tapping into 

different, complimentary aspects of the same construct of impulsivity. Researchers in the 

future may benefit from examining impulsivity from multiple points of view to account for 

this multi-faceted nature.  

However, performance on the GoStop was also not associated with other likely 

correlates, such as Drug or Alcohol Problems as reported on the PAI-A. Previous 

research has identified a strong link between GoStop performance and substance abuse 

problems in adults and adolescents (Caswell, Celio, Morgan, Duka, 2016; Dougherty et 

al., 2009; Lawrence, Luty, Bogdan, Sahakian, & Clark, 2009; Moreno et al., 2012), so it 

is unclear why this association was not replicated in this sample. It may be the case that 

since this sample has high rates of substance use, this factor was not helpful in 

distinguishing between low and high scores on the GoStop task. Most studies compare 

users with controls (non-users) in order to detect differences. 

2.4.2. Question 2: After controlling for other factors, can scores on 
the performance-based and self-report impulsivity 
instruments predict adolescent reoffending? 

It was expected that impulsivity, as measured by both measures, would 

significantly predict violence and reoffending over the follow up periods. Overall, there 

was evidence to support this hypothesis. However, the self-report measure was most 

consistently associated with outcomes in comparison to the performance-based task.  

On the GoStop task, only accuracy scores (NoStop and Novel trial inhibition) 

were associated with official records of reoffending. The disinhibition variables (150ms or 
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350ms Stop Trial Inhibition) were not predictive of the outcomes, which is slightly 

different from what was expected. In previous studies, the disinhibition variables were 

associated with delinquency or conduct disorder (Castellanos-Ryan et al.,  2011; 

Dougherty et al., 2005; White et al., 1994). Interestingly, the GoStop inhibition scores 

were only associated with official records outcomes in the current study, whereas 

previous studies primarily employed self-report outcomes. The current findings may 

have differed from previous studies due to the type of outcome used. Most of the 

previous studies with the GoStop tool assessed outcomes related to diagnoses, such as 

disruptive behaviour disorder or conduct disorder (Dougherty et al., 2003a; Mathias et 

al., 2008). While there is likely overlap among these constructs and the tools employed, 

indeed one must have a history of delinquent behaviour as represented on the SRO in 

order to obtain a diagnosis of conduct disorder, the focus on symptoms rather than 

offending frequency may explain the divergent findings. 

In contrast, self-reported impulse control on the EJIS was significantly associated 

with all outcomes. Higher impulse control was associated with fewer general and violent 

offences during follow up, as measured by either official records or self-report. These 

findings align with past research that impulsivity is a robust predictor of general 

reoffending (Leverso et al., 2015; Moffitt et al., 2010; Vitacco et al., 2002) and violence 

(Hawkins et al., 1998) across both official records and self-reported offending. In fact, 

the effect of impulse control on reoffending was in a similar range as another study that 

examined prediction over a 6-month follow up (Leverso et al., 2015). 

Using different follow up periods for the outcomes, it was possible to compare 

whether the tools functioned differently as predictors of short-term or longer-term 

outcomes. In prior research, performance-based tools have been primarily used in 

cross-sectional studies (i.e., Dougherty et al., 2005), but newer studies indicate promise 

over longer follow up periods (i.e., Castellanos-Ryan et al., 2011). The current results 

indicate that more accurate performance on the GoStop was associated with fewer 

general offences in the short-term (3-months), and violent offences in the long-term (12-

months). This disputes concerns put forth by some researchers that performance-based 

scores might be less relevant to long-term outcomes (Reynolds et al., 2008), and 
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supports the notion that performance-based measures may provide a measure of 

neurological functioning that would be relevant across the lifespan (Moffitt et al., 2010).  

The findings also showed a main effect of age on recidivism, with significantly 

lower rates of general and violent reoffending among the older youth. This was in official 

records only. This finding is contrary to previous research that generally shows that older 

adolescents have more contact with the justice system than younger adolescents 

(Woolard & Fountain, 2016; Farrington, 2005). However, youths who are charged at an 

earlier age may represent a subset with a higher risk of reoffending and a higher 

frequency of reoffending (Farrington, 2005). The younger participants in this study may 

have been more representative of this higher risk subset than the older participants, 

thereby resulting in higher rates of reoffending. Also, in the current study, there was a 

somewhat restricted age range in comparison to other studies: only 2.8% of youths in 

the current study were under the age of 14, and most were 16 or older (77.6%). The 

divergent findings on age as a predictor of reoffending also may reflect other factors, 

such as reduced reoffending among older youths who may have been on probation for 

longer periods than the younger participants, or concerted efforts to avoid adult charges 

among the older youths. Finally, although these findings are divergent from prior 

research in the area of juvenile offending, they are consistent with the Dual Systems 

model of impulse control development, which predicts that the younger adolescents 

would be at the highest risk for antisocial behaviour due to the larger deficit in the 

impulse control development in comparison to older adolescents (Steinberg, 2007).   

2.4.3. Question 3: After controlling for the alternate measure of 
impulsivity and other factors, can each impulsivity 
instrument predict reoffending? 

It was expected that because the performance-based impulsivity instruments 

have been proposed to provide unique information on the construct of impulsivity, these 

scores would significantly add to the prediction of reoffending using self-report 

measures. We found partial support for this hypothesis, and again, found that the EJIS 

scores were most consistently associated with the recidivism outcomes. 
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The GoStop inhibition scores were predictive of official records of reoffending at 

both the 3-month and 12-month follow ups, after controlling for sex, age, age of first 

offence, and EJIS scores. The GoStop inhibition scores were not predictive of any self-

report outcomes. More specifically, it was lower accuracy on the measures of inattention 

(Novel and NoStop trials) that was associated with reoffending, not the disinhibition 

scores (150ms and 350ms Stop trials). These trial types are more reflective of impulsive 

inattention, and peripherally related with disinhibition. Inattention has been identified as 

one of the impulsivity facets measured by performance-based tasks in adolescents, 

including the GoStop (Reynolds et al., 2008; Sharma et al., 2014), and has been 

significantly associated with outcomes of substance use, aggression, and delinquency in 

a meta-analysis (Sharma et al., 2014). Inattention, as measured by performance tasks, 

is not equivalently assessed by self-report questionnaires of impulsivity (Reynolds et al., 

2008; Sharma et al.,  2014). Thus, this finding further supports the notion that GoStop 

performance is complimentary to self-report impulsivity, and could assist in 

understanding reoffending patterns over time. 

Additionally, the EJIS scores were predictive of all outcomes after controlling for 

sex, age, age of first offence, and GoStop scores. Unlike the GoStop inhibition scores, 

the self-report impulse control scores predicted both official records and self-report 

outcomes of reoffending. Higher impulse control was associated with fewer general and 

violent offences, measured by both official records and self-report. Again, this is 

consistent with prior research wherein self-reported impulsivity has been found to be a 

robust predictor of antisocial behaviour and recidivism (Hawkins et al., 1998; Leverso et 

al., 2015; Moffitt et al., 2010; Vitacco et al., 2002). 

To date, only one other study has directly examined whether performance-based 

measures of impulsivity are predictive of offending after controlling for self-reported 

impulsivity (Fine et al., 2016). Fine and colleagues (2016) reported that performance on 

a Go/No-Go task of inhibition did not significantly contribute to the prediction of offending 

beyond that of the self-report impulsivity tool. However, these authors examined self-

reported offending that was measured as an offending variety score, which is based on 

the number of different types of offences committed (e.g., 2 offences of theft, and 3 

offence of assault would be counted as 2 different types of offences). The current study 
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found that GoStop inhibition scores were associated with official offence outcomes, and 

not self-reported offending outcomes, indicating that some impulsivity measures may be 

more relevant to certain outcomes. It appears, based on the current findings, that 

GoStop inhibition is highly relevant when the outcome is based on official records, but 

much less so when the outcome is based on self-report. Furthermore, the current 

findings are consistent with the results of a recent meta-analysis, which estimated that 

the addition of “behavioural” impulsivity measures to self-reported “personality” 

impulsivity measures would enhance predictive validity of various negative outcomes, 

including aggression and adolescent delinquency (Sharma et al., 2014).  

Finally, one control variable, age at first arrest, was significantly associated with 

12-month follow up outcomes. Younger age at first arrest was associated with higher 

rates of general and violent reoffending at the 12-month follow up. This variable was not 

associated with self-reported reoffending. Age at first arrest was among the strongest 

predictors of adolescent recidivism in a meta-analysis (Cottle et al., 2001), which is why 

it was selected as a control variable for these analyses. Thus, it is not surprising that it 

also predicted the outcomes. However, it is especially interesting that the GoStop and 

EJIS scores were significant predictors above and beyond age at first arrest, indicating 

that these measures are providing useful, unique information.  

2.4.4. Question 4: How will the impulsivity measures, both self-
report and performance-based, relate with different functions 
of aggression, including reactive and instrumental 
aggression? 

Aggression has been roughly categorized by researchers as reactive in nature, 

meaning aggression is typically in response to perceived provocation, or instrumental, 

meaning premeditated and applied to achieve a goal (Blair, 2004; Coie & Dodge, 1998). 

As a general measure of impulsivity, it was expected that higher self-reported impulse 

control on the EJIS would associate with less engagement in both functions of 

aggression, instrumental and reactive. This hypothesis was partially supported. Youths 

who described themselves as having higher impulse control on the EJIS also described 

themselves as engaging in instrumental and reactive aggression less frequently, but the 

effect was stronger for instrumental aggression. Thus, there is evidence that the EJIS is 
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generally related to both functions of aggression, as other previous studies have shown 

with similar self-report measures (Hecht & Latzman, 2015; Latzman & Vaidya 2013; 

Connor, et al., 2004), but there is also evidence that the EJIS may be more relevant to 

instrumental aggression, which has also been found in prior studies (Latzman & Vaidya 

2013; Miller, Zeichner, & Wilson, 2012). This seemingly counter-intuitive relation 

between higher impulsivity and more engagement in instrumental aggression, which 

purportedly requires some degree of planning and impulse control, was identified with 

the GoStop task as well. Contrary to the hypotheses, it was found that GoStop scores 

were not associated with reactive aggression at all, and higher impulsivity and 

inattention on the GoStop were associated with more frequent application of 

instrumental aggression.  

One possible reason for the finding that impulsivity and disinhibition were more 

associated with instrumental, planful aggression is based on a distinction between high 

and low impulse control individuals. It may be the case that youths with more developed 

impulse control are able to plan to apply alternative, entirely non-aggressive strategies to 

meet their needs and solve conflicts. In contrast, youths who describe themselves as 

more impulsive may be quicker to decide to use aggression in order to accomplish 

goals, either in the short term (reactively) or in the long term (instrumentally). For 

instance, one study with adult males found that impulsivity related to poorer social 

problem-solving abilities, which in turn, related to heightened aggression (McMurran, 

Blair, & Egan, 2002). 

Given that the GoStop is purported to represent the construct of disinhibition, it is 

very surprising that it was not linked with reactive aggression. By definition, reactive 

aggression is a prime example of the real-world application of disinhibition: the inability 

to resist the strong urge to lash out at someone who you perceive to have threatened 

you. Some studies that examine facets of impulsivity have found that the facet of 

urgency, responding in an impulsive manner in response to strong emotional states, 

such as anger, to be most strongly linked to reactive aggression (Miller & Lynam, 2006; 

Miller, Zeichner, & Wilson, 2012). However, since no studies have investigated 

performance-based measures of impulsivity in the context of different functions of 

aggression, the current findings are preliminary and require more investigation. 
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Finally, the current findings may be a symptom of the fact that there is a strong 

overlap between the constructs of reactive and instrumental aggression. There has been 

recent disagreement in the literature around the utility of this distinction, as some actions 

may be simultaneously instrumental and reactive (Card & Little, 2006; Vitaro, 2007). For 

instance, a response of hitting a pestering sibling could represent both reactive 

aggression (a response to perceived provocation by the sibling) and instrumental 

aggression (intended to achieve the goal of stopping the pestering). An examination of 

factor structure of the FFAM indicated strong overlap among the constructs, and 

suggested different variants of the reactive and instrumental factors would better 

account for the data (Lee et al., 2010). In the current study sample, reactive and 

instrumental aggression were strongly associated (rs = .60), which further supports the 

idea of indistinct constructs. Moreover, the preliminary principle components factor 

analysis indicated that the reactive aggression items did not load uniformly on a single 

component, indicating that the reactive aggression scale may not capture a distinct form 

of aggression in this sample. Additionally, fewer youths endorsed engaging in 

instrumental aggression in comparison to reactive aggression, making the negative 

binomial analyses ideal for the former scale, but less well-suited to the latter scale. 

2.4.5. Question 5: Are there gender differences in impulsivity, 
offending, and the relationships among impulsivity and 
outcomes of reoffending and violence? 

First, gender differences in the impulsivity measures and outcomes were 

examined. It was expected that females in this high-risk sample would have similar 

levels of impulsivity and offending as males. The findings support this hypothesis, in that 

there were no significant mean differences between boys and girls on any of the 

impulsivity measures (self-report and GoStop) or any of the reoffending and violence 

outcomes (self-report and official records). This aligns with previous studies that did not 

identify significant gender differences on the EJIS in a normative adolescent sample 

(Eysenck et al., 1984), or other similar tools with adults (Patton et al., 1995; Stanford et 

al., 2009). However, there was a pattern of lower rates of reoffending for girls, and 

higher levels of impulse control for girls. It is possible that if the sample size of girls were 

larger, significant gender differences may have been detected.  
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Next, gender influences on the relationship between impulsivity and reoffending 

outcomes was examined. It was hypothesized that there would be different patterns of 

relationships among impulsivity measures and reoffending outcomes for boys than girls. 

In preliminary correlational analyses for boys, self-reported and performance-based 

impulsivity were significantly correlated with violence and reoffending outcomes. Overall, 

examining effect sizes, most were in the small to non-significant effect size range. There 

appeared to be a pattern indicating an association between higher impulse control and 

lower reoffending. 

In contrast, for girls, self-reported impulsivity did not appear to impact rates of 

reoffending or violence, based on the non-significant correlations. However, there was a 

smaller sample size for girls, which impacts the power of these analyses. Most effect 

sizes were in the small size range, and several were in the medium range. Unlike with 

the boys, there did not appear to be a clear pattern indicating an association between 

higher impulse control and lower reoffending. Rather, on the Stop trial inhibition scores, 

there seemed to be a pattern indicating the opposite association, where higher impulse 

control was associated with higher rates of reoffending. The pattern on the NoStop trials 

and EJIS scores mirrored that of the boys. Any interpretation of these preliminary data is 

done with caution, however, due to sample size limitations. 

Finally, findings from the moderator analyses indicated that gender was not a 

moderator of the relationships among impulsivity scores and offending outcomes at 3-

month or 12-month follow ups. The finding of moderator effects in social science 

research can be difficult, due to the necessity of very high sample sizes to identify small 

effect sizes (Aiken & West, 1991). This fact is highly relevant to the current study, which 

did not have the power to detect small effect sizes (see Methods 2.2.2.), and again, the 

sample size for girls was smaller than that for boys. This should be examined more 

thoroughly in future studies, particularly since findings from the correlations provide very 

preliminary information about possible gender differences. 

Although the findings on gender differences are very limited, there was a 

possible indication of differences in how impulsivity may influence reoffending among the 

groups of girls and boys. In the literature, some researchers have indicated that the 
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underlying reasons for offending may be gender variant, and when they do offend, girls 

may be influenced by different factors than boys (i.e., Broidy & Agnew, 1997; Chesney-

Lind & Shelden, 1998; Ensminger, Kellan, & Rubin, 1983). For instance, Gottfredson and 

Hirschi’s (1990) General Theory of Crime emphasized that differences in self-control and 

opportunity could account for the gender differences in offending incidence overall, but 

felt the same factors influenced girls when they do offend (i.e., “special explanations” are 

not needed). One evaluation of this theory in school children found some supporting 

evidence, but also that the impulsivity facet of their self-control measure was more 

relevant for boys and risk seeking was more relevant for girls (LaGrange & Silverman, 

1999). Also, while gender differences in self-control and opportunity accounted for a 

proportion of the variance in offending, gender remained a significant contributor to the 

model, indicating that other unexplained factors are likely involved. For instance, 

unexplained factors may include anticipated guilt and shame, which accounted for large 

degrees of gender differences in delinquency in samples of youths and adults (Campbell 

& Muncer, 1987; Rebellon, Wiesen-Martin, Piquero, Piquero, & Tibbetts, 2015; Rebellon, 

Manasse, Agnew, Van Gundy & Cohn, 2016). Other research linking low self-control 

with borderline personality disorder features and eating disorder symptoms emphasized 

that the form of deviant behaviour manifested by girls may be different than that of the 

aggression manifested by boys, thereby explaining the observed differences in rates 

(Harrison, Sullivan, Tchanturia, & Treasure, 2010; Silbersweig et al., 2007). 

Another complicating factor in gender research is gender variant hormone levels 

and functional brain processes. New research indicated that women exhibited poorer 

inhibition than men only when estradiol levels were high (Colzato, Hertsig, Van den 

Wildenberg, & Hommel, 2010). Reviews in the area of impulsivity research have 

specifically indicated a need for more systematic investigation of hormones (Mitchell & 

Potenza, 2015). Also, neuroimaging studies have indicated differential patterns of brain 

activation during inhibition tasks (Rubia et al., 2013) and different preattentive 

processing in children was associated with higher inhibition in girls (Liu, Xiao, & Shi, 

2013). Therefore, gender is an important consideration in research about impulsivity and 

recidivism, but a number of questions remain regarding the role and impact of gender 

differences. 
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Chapter 3.  
 
Self-Report and Performance-based Impulsivity 
Measures as Dynamic Risk Factors of Violence and 
Reoffending in Justice-involved Youths 

3.1. Introduction 

The second chapter of this dissertation focused on the links between two 

different measures of impulsivity, self-report and performance-based, and how they may 

be associated with violence and reoffending. This next chapter of the dissertation 

examines impulsivity as a dynamic, malleable risk factor for violence and reoffending. 

There has been a strong emphasis on the consideration of dynamic risk factors in 

models of violence and risk assessment in the past decade (Douglas & Skeem, 2005; 

Klepfisz, Daffern, & Day, 2016). Dynamic risk factors have been described as factors 

that can be manipulated or changed (Kraemer et al., 1997), and represent a divergence 

from static risk factors that are based on historical events (e.g., separation from parents 

during childhood, number of previous incarcerations) or unchangeable factors (e.g., 

gender, ethnicity). A major impetus for the enhanced focus on dynamic risk factors in 

violence risk assessment is the notion that these changeable factors may be more 

amenable to intervention and may be targeted to reduce risk for reoffending. This focus 

may be especially relevant to adolescent populations, who are experiencing a 

developmental period of tremendous growth and change. However, in order to establish 

a link between a dynamic risk factor and an outcome, Douglas and Skeem (2005) 

recommend that intra-individual changes must account for changes in the probability of 

an outcome.  

Impulsivity is a multi-faceted construct that may be characterized by several 

interrelated concepts, including infrequent careful thought and planning before taking 
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action (Lack of Premeditation), the tendency to engage in regrettable actions in relation 

to intense negative affect (Urgency), the tendency to pursue excitement and adventure 

(Sensation Seeking), and the inability to tolerate boredom and persist with a difficult task 

to completion (Lack of Perseverance; Whiteside & Lynam, 2001). Impulsivity is often 

cited as a risk factor for violence, and increasingly it is described as a dynamic risk factor 

(e.g., Douglas & Skeem, 2005; McDermott, Edens, Quanbeck, Busse, & Scott, 2008; 

Polaschek, 2006) that exhibits both stable longstanding dispositional influences and 

acute short-term fluctuations. As such, there may be a state-trait model of impulsivity, 

wherein a person may exhibit varying degrees of impulsivity overall (e.g., low or high 

trait), in addition to short-term, day-to-day fluctuations within those categories (state). 

For instance, Moffitt (1993) presented the theory that neurologically-based temperament 

could fluctuate over time in response to changing environmental interactions, and 

Rothbart, Ellis, and Posner (2004) summarized a system wherein self-regulation 

modulated day-to-day manifestations (reactivity) of overarching temperament. For 

example, one group of researchers found that individuals with low trait impulsivity were 

more likely to engage in aggression in the context of elevated psychological distress 

(Meehan, De Panfilis, Cain, & Clarkin, 2013). Overall, these findings suggest that 

impulsivity may be regulated at both short-term “state” levels, and long-term “trait” levels.  

Nevertheless, there appears to be little direct research focusing on the 

malleability of impulsivity, and how that malleability may be related to outcomes (i.e., 

change in reoffending). For instance, several risk assessment manuals, including the 

Historical Clinical Risk-20-Version 3 (HCR-20-V3; Douglas et al., 2013), the Short Term 

Assessment of Risk and Treatability (Webster, Martin, Brink, Nicholls, & Desmarais, 

2009), and the Structured Assessment of Violent Risk for Youths (SAVRY; Borum et al., 

2003) include impulsivity or impulse control as a non-static risk factor. Currently, the 

primary research basis is inferential in nature: since cross sectional research shows that 

individuals high in impulsivity tend to have higher rates of offending, and individuals low 

in impulsivity tend to have lower rates of offending, it is inferred that reducing impulsivity 

should reduce risk for offending. However, few studies have directly measured change, 

and observed links between change and recidivism.  
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Some studies have examined changes to impulsivity across developmental 

periods, which typically employed self-report measures across long-term follow up 

periods, while other studies have focused on change in response to contextual factors, 

which have typically been over shorter periods and employed performance-based 

measures more frequently (changes over hours to months as induced by external 

factors, such as substance use, pharmaceutical medications, psychological therapy, or 

mood inductions). In comparison to self-descriptions provided through questionnaires, 

performance-based measures represent a large group of tools wherein the scores reflect 

performance on a particular task that is administered by the interviewer (e.g., errors 

when sorting cards). Thus, in comparison to the large number of studies focused on 

these areas, there appears to be a relative gap in studies that are developmentally-

informed and employ performance-based measures of impulsivity over a longer follow 

up period (change to states over a longer period), as well as studies that examine 

contextual factors for change with self-report measures over a shorter follow up period 

(change to traits over a shorter period). Some have interpreted the current literature to 

indicate that performance-based measures are more suited to assessing acute, state-

based impulsivity, while self-report measures address trait-based, stable impulsivity. 

However, it is difficult to make this conclusion since such few studies have compared 

these tools over similar timeframes. The current study provides an opportunity to shed 

light on this issue. Additional details on performance-based and self-report tools, and 

links with the measurement of traits and states is provided in the following sections. 

3.1.1. Developmental trait-based change 

Self-Report Measures  

A number of studies have examined broad developmental changes to impulsivity 

across the lifespan. These studies typically reported mean-level differences across age 

groups, provided information on the general process of developmental maturation, and 

employed self- or informant-report measures of impulsivity. Results from such studies 

generally reveal positive developmental progress over time, wherein individuals from 

normative populations gain mastery of impulse control with advancing age (e.g., Block 

1971, 1993; Guerin & Gottfried, 1994). Drawing from the normative population, 

Steinberg and colleagues (2008) outlined the development of impulsivity and sensation 
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seeking across adolescence and into early adulthood. They observed a linear pattern of 

gradual improvements to self-control across adolescence, paired with a curvilinear 

pattern of sensation seeking that peaks during mid-adolescence. From these patterns, 

the authors suggested that antisocial risk taking behaviour may occur at higher rates 

during adolescence due to the confluence of heightened sensation seeking and the 

ongoing development and refinement to impulse control skills. This study was a cross-

sectional design and compared participants across two-year or greater age groups, so it 

was not possible to observe the individual changes that may be occurring over time (i.e., 

some children may not show the same developmental pathways of impulse control as 

others). In contrast, another cross-sectional study by Eysenck and colleagues (1984) did 

not observe significant change across different age groups on their self-report EJIS 

scale. These authors examined youths from a normative sample between the ages 8 

and 15, a restricted age range in comparison to Steinberg and colleagues (2008), which 

may explain the different results. Nevertheless, a number of studies have identified 

associations between mean-level developmental changes to impulsivity and brain 

maturation during childhood and into early adulthood, suggesting that ongoing 

development of the frontal lobes and limbic systems results in increasing abilities in 

impulse control, planning, attention and judgement (Davies & Rose, 1999; Gogtay et al., 

2004; Satterthwaite et al., 2013; Vink et al., 2014). Taken together, these studies 

generally suggest that the development of impulse control, as measured by self-reports, 

in normative samples undergoes a gradual progression with age. 

Several other studies have provided more specific information about 

developmental trajectories that groups of youths follow across the lifespan. In the field of 

personality research, there are complex findings indicating both change and consistency 

in traits over the lifespan. One meta-analysis of rank-order stability on general measures 

of personality suggested that rank-order fluctuations become less pronounced across 

the lifespan (Roberts & DelVecchio, 2000). These authors found that the youngest 

children displayed the most pronounced rank-order changes, changes continued through 

childhood and adolescence, and eventually, rank-ordering became more stable at 

middle adulthood. This finding suggests that since traits are more unstable and 

malleable during childhood and adolescence, factors that influence the state of 

impulsivity may impart a more significant influence on behaviour during adolescence in 
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comparison to adulthood. Another study found small to moderate effect sizes of 

consistency comparing traits based on behaviour observation at age 3 with traits based 

on self- and informant-reports at age 26 (Caspi et al., 2003). Children classified as 

“undercontrolled” at age 3 (predominantly impulsive, emotionally labile and impersistent 

in task completion), were also rated as displaying significantly more disinhibition, more 

negative emotionality, and less self-control than peers at age 26 (Caspi et al., 2003). A 

recent report on the Dunedin cohort displayed moderate stability between childhood 

(behaviour observation by various informants) and adult (self-report) measures of self-

control, indicating a modest amount of change in rankings over time (Moffitt et al., 2010). 

Children who changed towards increasing self-control had better outcomes in health, 

wealth, and criminal activity than those who did not change. A study that specifically 

compared adjudicated and non-adjudicated adolescent males on changing personality 

traits over time found that both groups declined in the factor related to impulsiveness 

and antisocial values, but the adjudicated males declined at a lower rate, indicating both 

change and relative stability in traits over time (Morizot & Le Blanc, 2003). 

Moffitt (1993) also indirectly addressed the concept of rank-order change in her 

developmental taxonomy model. Under Moffitt’s framework, the individual neurological 

underpinnings of difficult temperament present from early childhood were thought to 

continue to influence personality and outcomes across the lifespan. According to the 

original theory, individuals who displayed antisocial behaviour from an early age were 

expected to show more consistency in this behaviour over time, whereas individuals who 

initiated antisocial behaviour in adolescence were expected to drop this behaviour over 

time. This suggests stability in rank-ordering across development for some groups of 

youths (labelled in studies as childhood-onset antisocial behaviour, and abstainers), and 

change in others (labelled as adolescent-limited antisocial behaviour, and low-level 

chronic/intermittent antisocial behaviour; Huesmann, Dubow, & Boxer, 2009; Moffitt, 

Caspi, Harrington, & Milne, 2002; White, Bates, & Buyske, 2001). Importantly, research 

indicates that antisocial behaviour at any age is a risk factor for ongoing antisocial 

behaviour later in life. Updated studies have shown that the so-called “adolescent-

limited” group continued to engage in antisocial behaviour into adulthood, including 

violence and other offences that resulted in criminal charges. However, the overall rate 

of offending was 2-3 times lower than the life-course persistent group (Moffitt et al., 
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2002). Another group of researchers that followed individuals to an older age (31 years) 

found that by this point, “adolescent-limited” offending individuals had declined in 

delinquency to the level of “nondelinquent” peers, and even the “persistent” group had 

decreased their delinquency substantially (White et al., 2001). Moreover, traits of 

impulsivity appeared to be most relevant to the adolescent-limited group, while traits of 

callousness and negative emotionality were more distinctive of the life-course persistent 

group (Moffitt et al., 2002). 

In an evaluation of impulsivity specifically, Cote and colleagues (2002) found 

both stable and fluctuating trajectories in a normative sample of children between the 

ages 6 and 12. According to teacher ratings, subgroups of youths remained in the 

highest and lowest rankings across the follow up periods, suggesting relative stability to 

rank-order ratings across development. However, the subgroups that changed rank-

ordering differed by sex; boys starting in the moderate range at age six had either 

declined or increased their rank ordering by age 12, whereas girls in the moderate range 

remained stable over time or declined in rank ordering. It is important to note that 

although the highest rank-order group still declined in impulsivity ratings with age, and 

thus displayed fluctuations over time, they also remained in the highest group relative to 

their peers, therefore displaying stability in their overall level of impulsivity. The results 

from Cote and colleagues (2002) suggest that while mean-level differences may display 

an overall decline in impulsivity across development, distinct groups of youths may 

follow differential trajectories. Furthermore, the presence of distinct trajectories may 

provide support for the notion that impulsivity may fluctuate over short-term periods while 

remaining consistent with an overarching level of a personality trait, such as impulsivity.  

Similarly, Monahan and colleagues (2009a) also linked different trajectories to 

meaningful behavioural outcomes. In a sample of youths who had committed serious 

offences, differential developmental trajectories of impulse control were observed among 

youths who persisted in their offending behaviour into early adulthood. While other youth 

offenders showed stability or improvement in impulse control with increasing age, the 

subset of youths who reported declining impulse control continued to offend into 

adulthood. These results suggest that youths who persisted in their offending remained 

at the lowest rank-order level for impulsive control across the developmental period, 
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while other youths remained stable or displayed rank-order changes, again reinforcing 

the notion that stability and change can co-occur.  

Performance-based measures 

While the aforementioned studies rely on self- or informant-report measures of 

impulsivity to examine developmental change, several studies have employed 

performance-based measures. Although employing multiple measures may provide 

increased information on the construct of impulsivity, few studies have integrated 

performance-based measures, such as disinhibition Stop tasks, into the assessment 

battery. As such, less is known about developmental changes to more specific aspects 

of impulsivity, such as disinhibition. Steinberg and colleagues (2008) included a 

performance-based tool, the Tower of London (time to first move), as a measure of 

disinhibition, and found several mean-level developmental differences across age. 

Overall, younger participants made their first move on the Tower of London significantly 

sooner than older participants, and interestingly, younger participants did not adjust their 

response time with increasing problem difficulty. As problems increased in difficulty, the 

older participants tended to take more time before making their first move, but younger 

participants responded in a similar (short) timeframe regardless of problem difficulty. The 

authors reported a pattern of gradual impulse control across development on the Tower 

of London task, which mirrored self-reported impulsivity. Another study that examined 

brain activation during a disinhibition performance-based task found significant 

improvements in task performance over a period of several years spanning late 

childhood to adolescence (Hardee et al., 2014). However, children with a family history 

of alcoholism showed differential patterns of activation at the outset and over time, 

suggesting that functional brain differences impacted performance and behaviour. 

In summary, while several studies examining dynamic changes to the trait of 

impulsivity suggest general rank-order stability across developmental periods, there is 

also evidence of group-based changes especially in younger populations. In contrast, 

there is very limited research examining change in performance-based tools 

longitudinally across the lifespan, and how that change may relate to outcomes of 

violence and antisocial behaviour. Moreover, there is little information on the contextual 

factors that may be associated with change that may encourage some youths to improve 
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their impulse control over time while others may continue to fall behind in this skill set. 

Additionally, as the follow up periods are generally years in length, there is little 

information on the process of change in impulsivity. 

3.1.2.  Concurrent associations with change  

While the aforementioned research primarily addressed impulsivity as a stable, 

dynamic risk factor that may be related with traits that exhibit rank-order stability over 

time, other research has identified impulsivity as an acute dynamic risk factor that may 

be responsive to various contextual factors. Most research in this area is not able to 

conclude whether these factors cause change to impulsivity, or are merely related with 

change. In many cases, effects are likely bidirectional. Therefore, these factors will be 

referred to as “concurrent factors” or “concurrent associations” with changes to 

impulsivity. A primary purpose of this study was to investigate possible concurrent 

contextual factors that may help to explain observed change to impulsivity measures 

over time, including negative affect, substance use and environmental stressors. 

However, the research in this area of acute, state-based impulsivity is relatively 

more disjointed than the above developmental literature. One primary problem has been 

the variety of measures used; as different measures appear to address different aspects 

of the construct of impulsivity, comparing results across measures can be problematic. A 

second problem is the nature of the studies in this area; many studies are from the 

pharmaceutical or substance abuse fields, which may or may not distinguish among the 

different facets and variants of impulsivity, further increasing the difficulty of interpreting 

and comparing results. Thus, in this section, the focus was to compare and summarize 

research that provided the best representation of the key concepts and measures 

relevant to this study, including performance-based tasks that focus on disinhibition.  

Negative affect 

Findings of fluctuations to impulsivity with various mood states have been found 

in a number of various studies. Some studies have introduced emotional stimuli to an 

inhibition task, including happy, sad, angry and fearful faces. Studies with both adults 

and children have found that emotional stimuli, whether positive or negative, interfered 
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with inhibition on a stop signal task (Verbruggen & De Houwer, 2007; Urben, Van Der 

Linden, & Barisnikov, 2012), with one study indicating that adolescents may be more 

sensitive to emotional stimuli on these tasks than children and adults (Tottenham, Hare, 

& Casey, 2011). Clinical studies also indicate a link between emotional states and 

impulse control. A pharmaceutical study evaluating medication for ADHD in children 

found a significant decline in disinhibition scores two hours after a single dose of 

methylphenidate, in comparison to healthy controls and placebo groups (DeVito et al., 

2009). After one month of depression treatment, adult participants reported decreased 

self-reported impulsivity (Corruble, Damy, & Guelfi, 1999). Work with individuals with 

borderline personality disorder found that negative mood states had a deleterious impact 

on performance on disinhibition tasks (Silbersweig et al., 2007). In a non-clinical study, 

undergraduate students consumed larger quantities of fattening food following a 

negative mood induction, which was interpreted as evidence of behavioural impulsivity 

(Tice, Bratslavsky & Baumeister, 2001). Only behavioural observations were used in this 

study; questionnaires and other computer-based tasks were not administered. Some 

researchers have classified impulsivity in response to intense moods and negative affect 

as “urgency”, and there is evidence supporting this as a factor of impulsivity (Whiteside 

& Lynam, 2001; Cyders & Smith, 2008). Thus, these findings suggest that impulsivity 

can fluctuate in relation with internally driven concurrent contextual factors, such as 

experiences of mood states.  

Substance use 

Several studies have evaluated short-term changes to impulsivity in response to 

substance use. Overall, studies suggest that among individuals suffering from substance 

abuse disorder, impulsivity increased with time since previous use. Researchers 

proposed that the ability to control impulses decreases as the withdrawal and urges for 

the addicted substance increase. For instance, temporal proximity to cigarette use 

among male adolescent smokers was associated with improved performance on the 

GoStop task, as it was assumed that their cravings had been reduced and they were 

better able to focus impulse regulation on the task (Reynolds et al., 2007). Other studies 

show that heightened impulsivity is an immediate effect of some substances. In one 

randomized control trial, undergraduate students responded in a more impulsive manner 

on a GoStop task after consuming alcohol (Mulvihill, Skilling, & Vogel-Sprott, 1997). A 
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double-blind placebo controlled study with adult recreational marijuana users found 

heightened disinhibition after tetrahydrocannabinol administration, but found that this 

substance did not impact other aspects of impulsivity, such as consequence sensitivity 

(McDonald, Schleifer, Richards, & de Wit, 2003). Another study evaluating the day-to-

day effects of marijuana reported increased self-reported impulsivity in the 48 hours 

following use, independent of alcohol use (Ansell, Laws, Roche, & Sinha, 2015). In a 

long-term study, decreased cocaine use over a 1 year period was associated with 

decreased self-reported impulsivity (Hulka et al., 2015). One study found support for a 

bidirectional relationship between substance use and performance-based impulsivity, 

where impulsivity increased initial risk for substance abuse, and ongoing substance use 

enhanced impulsivity (Perry & Carroll, 2008). These studies suggest that substance use 

is associated with short-term fluctuations to impulsivity, particularly disinhibition as 

measured by GoStop tasks. 

Environmental stressors 

In general, a number of studies suggest that exposure to various life stressors 

may associate with negative outcomes. For instance, mental health and behavioural 

outcomes, including aggression, delinquency, anxiety, depression, substance abuse and 

school failure, have been associated with chronic exposure to social, emotional and/or 

environmental stressors (Carr-Paxton, Robinson, Shah, & Schoeny, 2004; Elgar, Arlett, 

& Groves, 2003; Hambrick-Dixon, 2002; Miller & Townsend, 2005; Schmeelk-Cone & 

Zimmerman, 2003). Moreover, some studies propose that individual factors such as 

impulsivity may play a role in this relationship between environmental stressors and 

offending. For instance, youth in the context of social disadvantage displayed more 

difficulties with impulse control (e.g., Lynam et al., 2000; Waber, Gerber, Turcois, 

Wagner, & Forbes, 2006) and aggression (Lynam et al., 2000), which researchers 

suggested could be linked to their chronic exposure to various stressors. Also, others 

have posited that as individuals are exposed to conditions requiring the exertion of 

cognitive effort and self-control (solving difficult mental puzzles or resisting tempting food 

items), the subsequent exercise of self-control declines (e.g., Muraven & Baumeister, 

2000). Thus, youths exposed to chronic environmental stressors may experience more 

difficulties in regulating their decisions and impulses, thereby increasing their risk for 

negative outcomes. 
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While studies have identified a number of specific various life changes or events 

that may impact stress, factor analyses and thematic studies of prominent tools such as 

the Social Readjustment Rating Scale (Holmes & Rahe, 1967) and Urban Hassles 

Inventory (Miller & Townsend, 2005) have identified several primary themes. These 

themes include death and dying (particularly family members), financial and economic 

issues (e.g., unstable housing), environmental conditions (e.g., high crime 

neighbourhood, exposure to violence), interpersonal interactions (e.g., gang 

involvement, drug sales), safety concerns (e.g., safety of family and self), and 

victimization avoidance (e.g., carrying weapon for protection; Hobson et al., 1998; Miller 

& Townsend, 2005). Of these factors, victimization and neighbourhood disorganization 

were selected for further evaluation in the current study because they were highly 

relevant to the sample of high-risk youths, and supported by previous research.  

Regarding victimization as a concurrent factor associated with change, Schreck 

(1999) suggested that impulsivity related to victimization for similar reasons that it 

related to offending or aggression: impulsive youths more often find themselves in 

situations or performing behaviours that put them at risk, due to a lack of consideration 

of possible consequences. Also, youths may be victims due to association with certain 

peer groups, such as gangs or other justice-system involved youths (Forde & Kennedy, 

1997), or increased engagement in other risky behaviour, such as homelessness and 

substance use (Baron, Forde, & Kay, 2007). However, it is difficult to determine 

causality, and there may be bidirectional effects at work. 

Despite directionality, impulsivity and victimization both relate to negative 

outcomes, such as violence. For instance, one recent study found that impulsivity 

exacerbated the effects of exposure to community violence on delinquent behaviour in a 

large sample of 5th to 8th grade males and females (Low & Espelage, 2014). Impulsivity 

was associated with victimization and offending over the period of early to mid-

adolescence (Fanti & Kimonis, 2012; Smith & Ecob, 2007). A large-scale nationally 

representative survey conducted with adults in the Netherlands found that violence 

committed by individuals with a mental health diagnosis could be better attributed to 

victimization and negative life events, than the mental health diagnosis (ten Have, de 

Graaf, van Weeghel, & van Dorsselaer, 2014). Further to this, an evaluation of the 
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Pathways to Desistence data indicated that an overarching group of variables 

representing social strain, including victimization and exposure to community violence, 

and development of psycho-social maturity (impulse control), were strong explanatory 

factors for the age-crime curve (Sweeten et al., 2013). Thus, in the current study, 

neighbourhood disorganization and victimization will be investigated as possible 

concurrent factors associated with changes in impulsivity. 

3.1.3. Purpose, research questions & hypotheses 

Taken together, these studies suggest that while there may be some evidence 

for relative stability of impulsivity traits, this occurs in concert with significant 

developmental changes during adolescence. Most studies that employ self-report 

measures explore long-term changes, while most studies with performance-based 

measures evaluate short-term effects. Fluctuations in impulsivity may be associated with 

various concurrent factors, such as substance use, negative emotional states, 

victimization, and neighbourhood disorganization. Finally, few studies have directly 

linked changes to impulsivity with outcomes of antisocial behaviour in a prospective, 

longitudinal manner. 

Examining change over moderate follow up periods may provide important 

information regarding the mechanisms of change in the traits and state of impulsivity, 

and the factors that might associate with change over time. In a clinical context, a 6-

month period may provide an optimum window for re-assessment. Several risk 

assessment and treatment planning instruments, such as the Structured Assessment of 

Violent Risk for Youths (SAVRY; Borum et al., 2003), the Psychopathy Checklist- Youth 

Version (PCL-YV; Forth, Kosson, & Hare, 2003), and the Estimate of Risk of Adolescent 

Sexual Offense Recidivism (ERASOR; Worling & Curwen, 2001), recommend re-

evaluation after 6 months in order to maintain updated information on compliance 

behaviour, program attendance, symptom severity, and treatment targets. Moreover, as 

childhood and adolescence represents the timeframe when the most developmental 

changes occur, examining change over 6 month periods may provide a smaller window 

into the change process than longer annual follow ups. Thus, the impulsivity measures in 

this dissertation study were administered 6-months apart. 
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The overarching goal with this study is to investigate impulsivity as a dynamic 

risk factor for violence and reoffending in youths. This study focuses on intra-individual 

changes to impulsivity (comparing self-report and performance-based scores over a 6-

month follow up period), and will measure whether this change is associated with 

changes to violence and offending (via official record and self-report).  

Question 1: Does impulsivity change significantly over a 6-month follow up 
period? 

Hypothesis 1: It is hypothesized that both measures of impulsivity will show 

individual-level changes, but minimal group-level change is expected. If the GoStop task 

is a better representation of state-impulsivity, then greater variability in these scores 

would be expected, in both increasing or decreasing directions. As the literature 

suggests more stability in self-report, trait-based scores, it is expected that there will be 

less change in the EJIS measure of impulsivity. Based on developmental studies that 

have examined changes to impulsivity due to maturation, it is unlikely that a 6-month 

follow up period will detect changes associated with this process. 

Question 2: If changes to impulsivity are detected, what concurrent factors 
may associate with change? 

Hypothesis 2: It is hypothesized that lower exposure to concurrent factors, 

including substance use, negative emotions, victimization and neighbourhood 

disorganization, will be associated with gains to impulse control, or no change. 

Alternatively, it is hypothesized that more exposure to these concurrent factors will be 

associated with changes to impulsivity in the direction indicating declining impulse 

control.  

Question 3: Do changes in impulsivity measures account for changes in 
reoffending and violence? 

Hypothesis 3: It is expected that youths displaying declines in impulse control 

over the 6-month follow up (measured by either self-report or performance-based 

scores) will have heightened rates of violence and recidivism, in comparison to youths 

with consistent or gains in impulse control. Conversely, it is expected that youths 

showing gains in impulse control over the follow up will have lower rates of violence and 
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recidivism. If evidence supports this hypothesis, it would support the notion that 

impulsivity is a dynamic risk factor that, when managed, could contribute toward reduced 

risk for violence and recidivism. 

3.2. Methods 

The data for Chapter 3 are from the same study as Chapter 2. Thus, the 

procedures, as well as most variables and outcomes are similar across Chapters. Some 

analyses are similar, as well. However, for Chapter 3, data from an additional time point 

(6-months) and several new measures, including the concurrent factors, were examined. 

The Tables for Chapter 3 include this new data, in addition to the Time 1 data that was 

presented in Chapter 2. Nevertheless, some information is restated and provided in full 

in this chapter for the purposes of completeness and clarity. 

3.2.1. Procedure 

The procedures for the study and data collection are the same as Chapter 2. 

Eligibility criteria for the current study was established after youth were admitted to the 

overarching Mental Health, Risks, and Strengths study. Following enrollment, it was 

required that one interview, either Time 1 or Time 2, was completed in order to be 

eligible for the current study. This was to ensure that youths had completed the primary 

measures of interest (impulsivity measures) at least once. Based on this criterion, 30 

youths were ineligible for the study as they missed both Time 1 and Time 2 interviews 

and never completed the measures of interest. 

3.2.2. Attrition 

Details regarding attrition and attempts to reduce attrition are detailed in Chapter 

2. Although efforts to reduce attrition were taken, there were missing data for various 

reasons. Reasons for missing data were categorized as follows: Missed interview (youth 

did not attend the interview to complete the measures, and the measures were never 

completed at a subsequent interview); Not eligible (youth was not offered the opportunity 

to complete the measure); Youth factors (personal characteristics or issues that resulted 
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in not completing the measures, such as declining or leaving the interview early); Phone 

interview (interview completed over the phone and measures were not administered); 

Administration/Computer errors (Error by the interviewer or computer that resulted in the 

measure not being administered, such as the laptop battery dying or the interviewer 

forgetting the laptop).  

For the current study, missing data at both Time 1 and Time 2 are presented 

together in Table 16; the Time 1 data are the same as presented in Chapter 2, Table 1. 

At Time 1, a total of 107 youths had the opportunity to complete the impulsivity 

measures for this study (GoStop and EJIS). As shown in Table 16, 104 youths 

completed the EJIS (9 at a later interview), and 87 completed the GoStop (8 at a later 

interview) at Time 1.  In most cases, missing data was related to administration and/or 

computer errors (EJIS 66.7%; n = 2; GoStop 50%; n = 10). At Time 2, 78 youths 

completed the EJIS (3 at a later interview), and 60 completed the GoStop (6 at a later 

interview).  All the missing EJIS data at Time 2 was attributed to missed interviews 

(96.6%; n = 28). Most of the Time 2 missing GoStop data was also due to missed 

interviews (59.6%, n = 28) or again, administration and/or computer errors (17.0%; n = 

8). See Table 16 for full details. 

Table 16.   Missing Data 

 GoStop  EJIS 

n = 107 T1 T2  T1 T2 

Completed-Total 87 60  104 78 

Late (8) (6)  (9) (3) 

Missing-Total 20 (18.7%) 47 (43.9%)  3 (2.8%) 29 (27.1%) 

Missed interview 1a 28 (59.6%)  1a 28 (96.6%) 

Not eligible 3 0  0 0 

Youth factors 2 7  0 0 

Phone interview 4 4  0 0 

Administration/ 
Computer error 

10 (50.0%) 8 (17.0%)  2 (66.7%) 1 (0.9%) 

Note. a-Missed T1 interview but completed T2 interview; EJIS: Eysenck Junior Impulsiveness Scale; T1: 
Time 1; T2: Time 2. 
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There were 48 cases of 100% complete data for GoStop and EJIS at Time 1 and 

Time 2. Matched EJI and GoStop data were available for 85 cases at Time 1 (1 instance 

where both EJIS and GoStop data were missing) and 59 cases at Time 2 (28 instances 

where there both EJIS and GoStop data are missing). There were 50 cases with 

matched GoStop data across the two time points (10 missing at both time points), and 

74 with matched EJIS data across the two time points (0 missing both time points).  

Participants who missed the Time 2 interview (n = 28) were compared with those 

who completed the interview (n = 79) to determine if there were any key differences that 

may have biased the analyses. Looking at demographics, there were no significant 

gender (χ2 = .01, p = .94), or age (F[105, 2] =.20, p = .66) differences. Youths who 

missed the interview were not more likely to have dropped out of school (at the time of 

the baseline; χ2 = 0.08, p = .78). Considering risk level measured at baseline, differences 

on Psychopathy Checklist-Youth Version total score (t[105,2] = .01, p = .960) were not 

significant across the groups, and age of first arrest (t[104,2] = 1.77, p = .08) approached 

significance. No significant differences across any Massachusetts Youth Screening 

Instrument – Version 2 scales were identified. Importantly, there were no differences on 

other measures related to impulsivity, including the Weinberger Impulse Control Scale 

and Hyperactivity Items scales measured at baseline. The only identified difference was 

that youths who missed the Time 2 interview received a higher Structured Assessment 

of Violence Risk in Youth total score at the time of the baseline interview (M = 28.82 vs 

24.65; t[105,2] = -2.24, p = .03).  

Different factors applied to the questionnaire and computer task, resulting in 

differing rates of missing data across the measures. For instance, computer and 

administrator errors were more common with the GoStop data, for example, the program 

malfunctioning, the computer battery dying, the interview bag containing the wrong 

materials, or administrator mislabelling the data file. Also, youth issues were more 

common with the GoStop data, such as the youth declining to complete the task, or 

leaving the interview early (the GoStop was administered at the end of the interview). 

One youth was colour blind and not able to detect the changing colours of the stimuli, 

and therefore did not complete the GoStop task. Finally, the GoStop task could not be 

administered if a phone interview was conducted. In one instance at Time 1, the EJIS 
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was also not administered during a phone interview due to time restrictions. In some 

cases, the GoStop may have been administered late, but not the EJIS (for example, an 

error with the computer resulted in the task being administered at the next interview). 

Multiple imputation 

The multiple imputation process is outlined in detail in the Methods section of 

Chapter 2. Please refer to that section for full details. In general, the multiple imputation 

technique functions by simultaneously producing a number of datasets, using regression 

models to estimate and impute missing data (Enders, 2010). Statistical analyses are 

conducted as if data were not missing, and parameters of interest are reported based on 

data that are averaged, or pooled, across the numerous datasets. However, the output 

from analyses with a multiple imputation dataset in SPSS is very limited. For instance, 

when calculating descriptive statistics, only the mean is produced, with standard error, 

kurtosis, skewness, maximum and minimums not calculated for the pooled dataset. 

Missing the standard error made it impossible to compute the Reliable Change Index 

with multiple imputation data. For regression analyses, only the final table of parameter 

estimates is produced, with all other goodness of fit and omnibus statistics not computed 

for the pooled data. Therefore, based on the adjustments that were required for the 

application of multiple imputation here, the multiple imputation analyses were used to 

examine the robustness of findings from the original dataset. Full analyses statistics from 

the original dataset are reported, and any differences observed with multiple imputation 

dataset are noted. Multiple imputation results are available upon request. 

Power  

The program G*Power (Faul et al., 2007) was used to conduct post-hoc 

examinations of power for the proposed analyses. Overall, power analyses indicated 

strong power to detect medium and large effect sizes across the various analyses, and 

relatively weak power to detect small effects. According to convention set by Cohen 

(1988), adequate power was set to 80%. 

For correlation analyses with the sample size n = 50 (GoStop data), α = .05, β = 

.97 power to detect a large effect size (r = .50), .57 power to detect a medium effect size 

(r = .30), and .11 power to detect a small effect size (r = .10). With the sample size n = 
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74 (EJIS data), α = .05, β = .99 power to detect a large effect size (r = .50), .75 power to 

detect a medium effect size (r = .30), and .14 power to detect a small effect size (r = 

.10). 

Power to detect different effect sizes was estimated for linear multiple regression 

analyses with seven predictor variables and α = .05. With the sample size n = 50 

(GoStop data), β = .98 power to detect a large effect size (f2 = .35), .76 power to detect a 

medium effect size (f2 = .15), and .16 power to detect a small effect size (f2 = .02).  With 

the sample size n = 74 (EJIS data), β = .99 power to detect a large effect size (f2 = .35), 

.90 power to detect a medium effect size (f2 = .15), and .22 power to detect a small effect 

size (f2 = .02).   

For negative binomial regression, there currently is no widely accepted method 

for computing power for generalized linear models (Vanvoorhis & Morgan, 2007). 

Current methods involve complex simulation datasets and analyses, and require the 

estimation of various parameters, which differ across each model (Lyles et al., 2007). 

One study found that under conditions of varying outcome statistics and substantial 

dispersion, acceptable Type I error rates were achieved with n = 50 (Aban, Cutter, & 

Mavinga, 2009). In most models conducted in the current study, the n ≥ 50.  

A general guideline for power in multivariate analyses recommends ten sample 

size members per one independent variable (Harrel et al., 1985; Peduzzi et al., 1996; 

Vittinghoff & McCulloch, 2007). In the current study, for models including 5 variables, the 

sample size was greater than 50 in most instances, but for the GoStop models, the 

sample size approached 50 (n > 40). For all other models, the sample size was greater 

than 10 times the number of predictor variables. 

3.2.3. Participants 

As described in Chapter 2, the sample consists of 35 females (32.7%) and 72 

males between the ages 12 and 18 (M= 16.67, SD= 1.16). While the majority of the 

sample (n = 67; 62.6%) identified themselves as at least partly Caucasian, 27.1% (n = 

29) youths described themselves as at least partly First Nations/Aboriginal, 13.1% (n = 

14) as at least partly Asian, 7.5% (n = 8) as at least partly East Indian, 3.7% (n = 6) as at 
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least partly African, 5.6% (n = 6) as at least partly Hispanic, and 1.9% as at least partly 

Middle Eastern. On average, youths were convicted for 2 offences for their index 

sentence (M = 1.96; SD = 1.87), and had approximately 3 prior convictions (M = 3.17; 

SD = 3.13). The majority of index offences involved non-sexual violence (62.6%; n = 67) 

such as robbery or assault, followed by property offences (35.5%; n = 38) including theft 

or mischief, and other offences (25.2%; n = 27), such as breaches or weapons offences.  

In response to interview questions regarding past living arrangements, nearly half 

of the youths reported having been placed in foster care (42.1%; n = 45), and nearly 

one-third reported having lived on the streets (29.9%; n = 32). At the time of the 

interview, the majority of youths were residing with their biological mother (31.8%; n = 

34), both biological parents (17.8%; n = 19), or a relative (13.1%; n = 14) or foster 

caregiver (13.1%; n = 14), and a number reported living in a group or transition home 

(9.3%; n = 10). One-quarter of the sample reported not being enrolled in school at the 

time of the interview (23.4%; n = 25), and over one-third reported having repeated a 

grade at least once (34.5%; n = 37). Regarding mental health, the majority of youths 

reported having received mental health services in the past (85.0%; n = 91), over one-

third had attended a drug and alcohol treatment program (40.2%; n = 43), and several 

(16.8%; n = 18) reported having been hospitalized for psychological or emotional 

difficulties. Nearly half of the youths reported having been prescribed medications for 

psychological or emotional difficulties (42.1%; n = 45).  

3.2.4. Measures 

Impulsivity measures for these analyses were the same as described in Chapter 

2. Additional measures for the analyses of concurrent associations with change were 

added for these analyses, and are described in full below. Internal consistency for 

individual measures are presented in the Descriptives section of the Results. 

Impulsivity 

Measures of impulsivity included a self-report measure, the Eysenck Junior I6 

Impulsiveness Scale (EJIS; Eysenck et al., 1984), and a performance-based measure, 
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the GoStop Impulsivity Paradigm (GS; Dougherty, Mathias, & Marsh, 2003). These 

measures are described in full in the Methods section of Chapter 2 (2.2.4). 

Concurrent associations with change 

Both external (environmental, contextual) and internal (negative affect, substance 

use) concurrent factors that may associate with observed changes in impulsivity were 

included in order to assist in understanding reasons for change. Although there is some 

overlap among the two types of factors, these are intended to assist with the preliminary 

conceptualization of change to impulsivity. External concurrent factors include 

Victimization and Neighbourhood Disorganization measures, and internal concurrent 

factors include the Drug and Alcohol Use measure, and the Alcohol/Drug Problems, 

Depression/Anxiety and Anger/Irritability scales from the MAYSI-2. 

Victimization. The Victimization- Problem Behavior Frequency Scale (VT; 

Multisite Violence Prevention Project, 2004a, 2004b) measures the frequency of 

experiencing two forms of victimization, relational and overt (physical) victimization. The 

scale consists of 12 items rated on an ordinal frequency scale from never (1) to 20 or 

more times (6). Higher scores are indicative of higher levels of victimization. Previous 

evaluations reported adequate internal consistency for both scales (Multisite Violence 

Prevention Project, 2004a, 2004b; Crick & Bigbee, 1998; Orpinas & Frankowski, 2001) 

and evidence of construct validity (Farrell, Sullivan, Goncy & Le, 2016).  

Neighbourhood disorganization. The Neighborhood Disorganization Scale- 

Seattle Social Development Project (ND; Arthur, Hawkins, Pollard, Catalano & Baglioni, 

2002) measures a youth’s perceptions of crime in his/her neighbourhood. The scale 

consists of 5 items scored on an ordinal scale from very false (1) to very true (4). Higher 

scores indicate higher levels of perceived disorganization in the neighbourhood. The 

authors reported adequate internal consistency (Arthur et al., 2002).  

Negative affect. The Massachusetts Youth Screening Instrument - Second 

Version (MAYSI-2; Grisso & Barnum, 2006) is a mental health screening tool specifically 

designed for use with justice-involved youths. It is a 52 item self-report questionnaire 

wherein youths agree (‘Yes’=1) or disagree (‘No’=0) whether each descriptive statement 
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has been true of them during the past 3 months. In this study, only the Angry-Irritable 

(AI) and Depressed-Anxious (DA) scales were included for analyses. Higher scores are 

indicative of more significant symptoms reported. Several studies reported good test-

retest reliability and construct validity of the MAYSI-2 scales (Archer, Vauter Stredny, 

Mason, & Arnau, 2004; Grisso, Barnum, Fletcher, Cauffman, & Peuschold, 2001).  

Substance use. The Alcohol-Drug scale from the MAYSI-2 (MAYSI-2 AD; Grisso 

& Barnum, 2006) was used to measure problems associated with substance use during 

the past 3 months. Higher scores are indicative of more significant problems reported. 

This scale provided a measure of substance use during the follow up period, in order to 

help determine factors associated with changes in impulsivity. Unlike previous studies 

that examined the immediate effects of substance use on performance-based 

disinhibition, this measure will provide a more general idea of whether a pattern of 

substance use over time is associated with change in impulsivity.  

The Drug and Alcohol Use scale (DAU; Bosworth & Espelage, 1995; Dahlberg et 

al., 2005) was taken from the Teen Conflict Survey to measure the frequency of 

substance use in the last 30 days. It includes 6 items rated on an ordinal scale from 

Never (1) to 5 or more times (5), with higher scores indicative of more substance use. 

The authors reported adequate internal consistency (Bosworth & Espelage, 1995). This 

measure provided a more proximal measure of substance use and the impact on change 

in impulsivity. 

Demographics 

Demographic variables were included in order to compare for group differences, 

or control for possible confounding effects. 

Gender. Gender is one demographic factor wherein group differences may be 

apparent across several key measures, including impulsivity and outcomes. One study 

question directly examines gender differences on the impulsivity measures and effects 

on offending. Also, most analyses controlled for gender, in order to better confirm that 

relationships that were observed were unrelated to gender.  
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Age. As impulsivity is a developmental construct, levels of impulse control can be 

expected to differ across age groups. Additionally, the type and severity of aggression 

and reoffending can differ with age, wherein younger youths are expected to have less 

access to opportunities for reoffending than older youths, for various reasons, such as 

less unsupervised time, less independence, or less financial means. Thus, most 

analyses controlled for age, in order to better confirm that relationships that were 

observed were unrelated to age differences.  

3.2.5. Outcomes 

For Chapter 3, the outcome measures are similar to those in Chapter 2. 

However, the Chapter 3 outcomes follow a different timing of the follow ups (6-months 

and 12-months following Time 1). Therefore, they are described in full below for clarity. 

Recidivism 

In order to obtain a thorough representation of reoffending and violence, both 

self-report and official records were used. Outcomes were measured at two points, 

labelled as 6-month and 12-month follow ups. The 6-month follow up coincided with 

Time 2 of the change scores, taking place 6-months following the Time 1 score, and can 

be considered a concurrent outcome with the change scores. The 12-month follow up 

took place 12-months following the Time 1 score, which is 6-months following the Time 2 

score, and can be considered a prospective outcome.  

Self-report data was not available for the 12-month follow up, because this time 

point is post-study and in-person interviews were no longer conducted. Official records 

data represents a total sum across the follow up (i.e., 0 to 3 months, 0 to 12 months), 

while the self-report data represents the report provided at the follow up interview only, 

and not a total sum. 

For this study, violence was defined as “actual, attempted, or threatened infliction 

of bodily harm of another person” (Douglas et al., 2013; pp. 36), and included assault, 

robbery, and uttering threats. Also, this definition includes both nonsexual and sexual 
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violence. More specific definitions for self-report and official records measures are 

provided below. 

As measured by self-report, general recidivism was defined as any illegal activity 

endorsed during the follow up period, including any violent, non-violent, and sexual 

offences. The questionnaire used does not provide an exhaustive list of all possible 

offences, however, so this measure is limited to the 23 offences presented. 

As measured by self-report, violent recidivism represented the frequency of 

reported engagement in 8 different acts that aligned with the above definition of violence 

from the HCR-20-V3 (Douglas et al., 2013) including shooting a gun at someone, forcing 

sexual contact, robbery, and assault. The questionnaire used does not provide an 

exhaustive list of all possible violent offences, however, so this measure is limited to the 

8 offences presented. 

The Self-Report of Offending. The Self-Report of Offending (SRO; Huizinga et 

al., 1991) examines involvement in criminal activities, including aggressive, property and 

public order offences. Youths estimate the number of times they have engaged in each 

type of offence during the past three months (0= Never, 1=Once, 2= Two or three times, 

3 = Four or more times). See Appendix C for full list of items. This ordinal scale version 

of the SRO was found to have good psychometric properties and a fairly high degree of 

functional equivalence across gender and ethnically/racially diverse groups of juvenile 

offenders (Knight et al., 2004). This ordinal scale reduces overestimates of high-

frequency events (Kirk, 2006) that can result in outliers and skewed results (Theobald et 

al., 2014). Thus, this outcome is quasi-count data, with higher scores indicating higher 

frequency of the outcome during the follow up period. 

Responses are summed into a Total score (all 23 items) that represents general 

offending, and a Violence Total score (8 items). The SRO Violence Total aligned with the 

definition of violence that is used in this study (see 2.5.3). Higher Total scores are 

indicative of more offending. 

Official Records. At the end of the study, official youth and adult records were 

obtained through CORNET, a province-wide justice database. These records were used 
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to code official criminal code charges and convictions that took place during and 

following the study period.  

As measured by official records, general recidivism was defined as an official 

charge or conviction for any criminal code offence taking place during the follow up 

period. Official charges included any violent, non-violent, and sexual offences, as well as 

violation offences (i.e., Failure to comply with probation conditions, Breach of 

recognizance).  

As measured by official records, violent recidivism was defined as an official 

charge or conviction for any criminal code offence which indicated actual, attempted or 

threatened bodily harm, taking place during the follow up period. This included both 

sexual and non-sexual violent offences.  

For this study, official records variables represent the sum total number of 

charges or convictions across the follow up period. Thus, this outcome is count data, 

indicating the frequency of the outcome during the follow up period. Higher counts 

indicate higher rates of recidivism during the follow up period. 

3.2.6. Analyses 

Question 1: Does impulsivity change significantly over a 6-month follow up 
period? 

Change from Time 1 to Time 2 (6-month follow up) was evaluated at both a 

group level and an intra-individual level. Group-level change was examined through 

comparisons of means through paired-samples t-test and Pearson correlations. Intra-

individual level change was evaluated in three different ways, simple change scores, 

Reliable Change Index, and residual change scores, which are detailed below. 

One way to determine change is through simple change scores (also known as 

gain scores, or absolute change scores), wherein Time 2 scores are subtracted from 

Time 1 scores. A negative change score indicates lower scores at Time 2, and a positive 

change score indicates higher scores at Time 2, in comparison to Time 1. Simple 

change scores can be standardized (M = 0, SD = 1) for comparisons across multiple 
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variables, and a significance cut off can be applied based on standard deviation (i.e., +/- 

1 SD from the M set as a meaningful degree of change). 

Another similar method of evaluating change is residual change scores (also 

known as residualized gain scores), calculated by the linear regression of Time 2 scores 

on Time 1 scores. This regression equation describes a linear relationship between Time 

2 and Time 1 scores for the entire sample, and is predicted by the regression based on 

sample distribution details, pretest scores, and the relation between Time 1 and Time 2 

in the entire sample (Hauser-Cram & Krauss, 1991; Rogosa, Brandt & Zimowsky, 1982). 

The residual is the difference between actual observed Time 2 scores and Time 2 

scores predicted from the regression. Residualized change scores can also be 

standardized for comparisons across multiple variables.  

There is a long history of debate surrounding the application of simple change 

scores or residual change scores to models examining intra-individual change 

(Fitzmaurice, 2001; Schoemann, Gallagher, & Little, 2015). In the past, some 

researchers have questioned the use of simple change scores (e.g., Cronbach & Furby, 

1970), but in recent decades, researchers have found many of the criticisms to be 

unfounded or overstated (Allison, 1990; Cribbie & Jamieson, 2000). Furthermore, much 

of this disagreement appears to surround the application of Analysis of Covariance 

(where Time 1 is a covariate) versus t tests (where Time 1 is subtracted from Time 2) to 

predict change in clinical trials with a categorical predictor (Schoemann et al., 2015). 

Thus, to a degree, this debate is less relevant to this study, since in Question 2, 

continuous predictors were used, and Question 3 addresses a different question of 

whether change scores can predict an outcome. Several authors explain that residual 

change and simple change methods are both viable options, and selection depends on 

the research questions at hand (Burr & Nesselroade, 1990; Fitzmaurice, Laird, & Ware, 

2004). 

For several reasons, residual change scores were selected as the primary 

measure of change. One benefit of the residual change scores is that the regression 

accounts for differences in change at the extremes of a distribution (individuals at the 

low end have less room to decline/floor effect, and individuals at the high end have less 
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room to increase/ceiling effect; Cribbie & Jamieson, 2000; Jamieson 1995). Also, 

residual change scores may have some strengths under conditions of skewed data, or 

when groups start from different baselines (Jamieson, 1999), both of which are highly 

relevant to this sample data. In the current study, it cannot be assumed that means were 

equal at baseline. Finally, residual change scores are not correlated with Time 1 scores 

(Hauser-Cram & Krauss, 1991), whereas simple change is associated with Time 1 

scores. In the current study, residual change was not associated with corresponding 

Time 1 scores (rs = 0.00), while simple change was moderately to strongly associated 

with Time 1 scores (rs = -.32 to -.76). However, due to the aforementioned disagreement 

in the literature, analyses were also conducted with the simple change scores while 

controlling for Time 1 scores. The results with simple change scores are reported in 

Appendix E, and differences are noted in text.  

Residual change scores are measures of relative, not absolute change, and must 

be interpreted in terms of scores that are higher/lower than predicted. In terms of 

interpretation, a negative residual change score indicates that the predicted Time 2 

score was greater than the actual observed Time 2 score; the individual did not change 

as much as was expected by the model. A positive residual change score indicates that 

the predicted Time 2 score was less than the actual observed Time 2 score; the 

individual changed more than was expected by the model. 

To ease interpretation of results, an explanation of positive and negative residual 

change scores (standardized and unstandardized) is provided here. For EJIS, 150ms, 

350ms, and Novel inhibition scores in general, higher values indicate more impulse 

control or vigilance. Therefore, positive residual change scores indicate higher scores at 

Time 2 than predicted, which means more gains to impulse control were observed than 

would be expected by the regression model. For the NoStop inhibition scores in general, 

higher values indicate less vigilance or impulse control, so the change scores are 

interpreted in the reverse fashion. Positive residual change scores indicate higher scores 

at Time 2 than predicted, which means more inaccuracy was observed than would be 

expected by the regression model, and less gains in impulse control than expected. The 

simple change scores are interpreted in the same way for direction (positive and 
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negative values), but the change scores represent true observed differences (e.g., gains 

to impulse control from Time 1 to Time 2). 

Finally, another method of evaluating change is the Reliable Change Index (RCI), 

which determines the degree of change between two administrations that is required to 

be considered a meaningful change, or “clinically significant” (Jacobson & Truax, 1991). 

The RCI is a standardized score2 that provides information on the magnitude of change 

while accounting for measurement error. A cut off score is produced at varying levels of 

confidence (95%, 90%, etc); if the degree of change is beyond the cut-off, it can be 

considered reliable and meaningful change. The RCI is a commonly-used method of 

interpreting change in a clinical context, due in part to the increased emphasis on 

significant change that is less likely due to chance or error (Ogles, Lunnen, & Bonesteel, 

2001). The 90% confidence level was used to distinguish reliable, significant change on 

the impulsivity measures, based on balancing error with a meaningful measure of 

change.  

Question 2: If changes to impulsivity are detected, what concurrent factors 
may associate with change? 

Due to the small sample size in each change group (increasing/decreasing/no 

change), analyses employing continuous scores (i.e., correlations, regressions) were 

preferred over analyses comparing groups (i.e., chi-square, ANOVA).  

Two types of concurrent factors, four internal and three external, were examined 

for possible associations with changes in impulsivity across the 6-month follow up 

period. These concurrent factors were measured at the Time 2 interview, wherein youths 

reflected back on the past 3 months. Change to impulsivity was measured from Time 1 

to Time 2. In order to determine the appropriate regression model to apply, the 

distributions of the dependent variables were examined (standardized residual change 

scores). Descriptive statistics indicated positive skew on one variable (skew = 3.79), but 

 
2 The RCI was calculated by: RCI = (X2 - X1) / Sdiff , where X1 is the impulsivity score at Time 1 

and X2 is the impulsivity score at Time 2 (Jacobsen & Truax, 1991). Sdiff is the standard error of 
measurement of the two scores and is calculated as: Sdiff = √[2(SEM)2], and SEM was 
calculated as: SEM = sx(√ [1- rxx]), where sx is the standard deviation of scores and rxx is the 
reliability of a test. 
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overall skew was within, or close to within, the acceptable range (i.e., skew < 2.4; West 

et al., 1995). Despite the presence of a positive skew in some cases, residual change 

scores are not a form of count data, so negative binomial models were not an 

appropriate application. For these reasons, linear analyses were conducted, including 

correlations and regressions.  

Pearson correlations were calculated first to determine basic bivariate 

associations between the standardized residual change scores and the concurrent 

factors. Following this, linear regressions were conducted to evaluate whether each 

concurrent factor was significantly associated with the standardized residual change 

scores. Goodness of fit and model assumptions were evaluated in several ways. In all 

cases, the Durbin-Watson test statistic was within the recommended range of between 1 

and 3, where 2 indicates that residuals are uncorrelated (Durbin & Watson, 1951). In 

order to determine homoscedasticity and normality of errors, histograms of residuals and 

plots of standardized predicted residuals versus standardized residuals were visually 

inspected for evidence of non-random or non-normal distribution of residuals, as per 

recommendations by Field (2013). Also, the frequency of extreme standardized residual 

values was examined, where greater than 5% of cases > 2 was taken as evidence of 

non-random or non-normal residuals (Field, 2013). In cases where there was evidence 

of non-random or non-normal residuals, the method of bootstrapping confidence 

intervals was applied. This method is robust to violations of residual normality and 

homoscedasticity, and reduces the bias that these violations can have on significance 

tests and standard errors (Efron & Tibshirani, 1994; Field, 2013). The bias corrected and 

accelerated confidence interval was applied, as per recommendations in the literature 

(Efron & Tibshirani, 1994). Instances when this method was applied are noted in the 

Results. This method was applied because it can address both issues of residual non-

normality and heteroscedasticity, while weighted least squares regressions are most 

applicable to instances where the assumption of homoscedasticity have been violated 

(Field, 2013). 

Outliers were removed in instances when the Cook’s Distance statistic was > 

1.00, indicating an overly influential case, or when the standardized residual was ≥ 3.00, 

indicating a vast departure from the regression line (Cook & Weisberg, 1982; Field, 
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2013). There were no outliers identified or removed for the analyses with significant 

findings that are presented in the Results. Overall, there were seven regression models 

tested for each of the five impulsivity change scores (35 models in total).  

Question 3: Do changes in impulsivity measures account for change in the 
probability of reoffending and violence? 

Again, due to the small n of the change groups, regression analyses were 

emphasized instead of group comparisons. Outcomes were measured at the Time 2 

follow up (labelled as 6-month follow up), including SRO-Total, SRO-Violent, and Official 

Records-Total3. Only official records outcomes were measured at the 12-month follow 

up. Similar to Chapter 2, the outcomes used in this study were count data, which are 

intrinsically heteroscedastic, right skewed, and tend to have variance that increases with 

the mean (Hilbe, 2007). Examination of distributions in the current data indicated the 

presence of these patterns. Under these conditions, the recommendation in the literature 

is the implementation of a negative binomial regression model, which is a generalized 

linear model (GLM) that addresses overdispersed count data. The general methodology 

for conducting negative binomial regressions with count data proposed by Hilbe (2007, 

2014) was followed, beginning with Poisson models and moving towards increasing 

complexity. For all models, the negative binomial model with the estimated dispersion 

parameter was preferred over the basic geometric and Poisson models. Please refer to 

the Analyses section of the Methods in Chapter 2 for full details on negative binomial 

regression. 

Negative binomial regression model fit was evaluated with various statistics, 

including Pearson chi-squared deviance statistic (< 1.25), Bayesian Information 

Criterion, and Lagrange Multiplier Test (H0 non-significant; Hilbe, 2014). Outliers were 

removed in instances when the Cook’s Distance statistic > 1, indicating an overly 

influential case, or when the standardized deviance residual ≥ |3.00|, indicating a vast 

 
3 A 6-month outcome of official records of violent charges or convictions was also initially included 

in the analyses, however, these models yielded high rates of errors related to singularities on 
the Hessian matrix. These errors generally indicate that there is not enough variability in the 
outcome across all the predictor variables, and the model cannot be accurately estimated. 
Thus, this outcome was dropped from the analyses. 
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departure from the regression line (Cook & Weisberg, 1982; Hilbe, 2014). When outliers 

were removed, this is noted in text, and the differences before and after removal are 

reported. Models controlled for gender and age. Five outcomes (3 at Time 2/6-month 

follow up, 2 at 12-month follow up) were examined across the standardized residual 

change scores on the five impulsivity measures, resulting in 25 models in total. 

3.3. Results 

3.3.1. Descriptives & study measures  

Impulsivity 

A summary of the psychometric properties for all impulsivity variables used 

across all analyses is presented in Table 17. Skew and kurtosis were examined 

according to guidelines provided in West et al., (1995), which indicate that skew > |2.00| 

and kurtosis > |7.00| represent a substantial departure from normal distribution. Internal 

consistency (Cronbach α) was evaluated according to guidelines by Nunnally and 

Bernstein (1978), where α > 0.90 is excellent internal consistency, 0.80 - 0.89 is good, 

0.70 - 0.79 is fair, and α < 0.69 is poor. 

According to skew and kurtosis statistics, the EJIS Total scores were not 

substantially skewed or peaked. However, skew and peakedness were observed in the 

GoStop NoStop and Novel Trial Inhibition scores, indicating departure from a normal 

distribution. Internal consistency for the EJIS total scores was fair to good. Internal 

consistency could not be calculated for the GoStop scores. See the Descriptives section 

of the Results in Chapter 2 for more details on the validity of the GoStop. Only the 

inhibition scores on the 150ms and 350ms Stop trials were included in the analyses 

here. The other Stop trials were excluded to reduce multicollinearity among predictor 

variables (see Chapter 2 for more information). 
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Table 17. Psychometric Properties of all Impulsivity Variables 

Variable n M SD Range Skew Kurtosis Alpha 

EJIS  

       Total (Time 1) 103 9.56 4.71 1.00-22.00 0.45 -0.52 0.79 

Total (Time 2 - 6M) 78 10.32 5.33 1.00-22.00 0.28 -1.02 0.85 

GoStop (Time 1) 

       150ms Stop Trial Inhibition 87 0.56 0.25 0.00-1.00 -0.09 -0.62 .. 

350ms Stop Trial Inhibition 87 0.24 0.19 0.00-0.95 1.46 2.31 .. 

NoStop Trial Inhibition 87 0.12 0.11 0.00-0.61 2.14 5.74 .. 

Novel Trial Inhibition 87 0.90 0.21 0.05-1.00 -3.22 9.71 .. 

GoStop (Time 2 - 6M) 

       150ms Stop Trial Inhibition 60 0.57 0.24 0.00-1.00 -0.30 -0.39 .. 

350ms Stop Trial Inhibition 60 0.25 0.22 0.00-1.00 1.68 3.26 .. 

NoStop Trial Inhibition 60 0.15 0.17 0.01-1.00 2.87 11.12 .. 

Novel Trial Inhibition 60 0.92 0.16 0.06-1.00 -3.61 14.68 .. 

Note: EJIS: Eysenck Junior Impulsiveness Scale; 6M: 6-months. The .. indicates that internal consistency 
was not applicable to this variable. 

Outcomes 

As mentioned in the Methods, the outcome of recidivism was examined through 

self-report and official records. Table 18 outlines the outcomes that were available at 

each time point. Unlike self-report data, official records were available for a period post-

study, allowing for the longer, 12-month follow up period. 

Table 18. Outcomes at each Follow up 

Outcome 6M Follow Up 12M Follow Up 

Official Records  
  

Any Recidivism  X X 

Violent Recidivism X X 

SRO  
  

Any Recidivism  X 
 

Violence  X 
 

Note. 6M: 6-month; SRO: Self-Report of Offending; 12M: 12-month. 

A summary of the psychometric properties for all outcome variables is presented 

in Table 19. As would be expected with count data, there is a substantial positive skew 

on nearly all of outcome variables, according to skew and kurtosis statistics (West et al., 
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1995). Examination of frequencies reveals that this skew is likely due to the high number 

of 0 counts. 

Table 19. Psychometric Properties of all Outcome Variables 

Variable N M  SD Range Skew Kurtosis Alpha 

SRO (6M) 

       Any 70 4.19 6.02 0.00-30.00 2.11 5.22 0.83 

Violent 68 1.79 3.29 0.00-18.00 3.05 11.32 0.75 

Official Records (6M) 

       Any 104 0.63 1.50 0.00-10.00 3.54 15.92 .. 

Violent 104 0.19 0.70 0.00-5.00 4.61 24.73 .. 

Official Records (12M) 

       Any 104 1.26 3.08 0.00-21.00 3.82 18.15 .. 

Violent 104 0.40 1.35 0.00-10.00 5.03 29.48 .. 

Note: SRO: Self-Report of Offending; 6M: 6-month; 12M: 12-months. The .. indicates that internal 
consistency was not applicable to this variable. 

For the SRO recidivism outcomes, Cronbach α statistics indicated fair to good 

internal consistency. In one instance, the 6-month follow up SRO Total score, 3 items 

had zero variance and were dropped from the internal consistency analyses. 

Frequency rates of the outcomes were also relevant to further analyses. If 

frequency rates were too low, further analyses could not be conducted. Although 

negative binomial models are specified for count data, these models can yield errors 

when the outcome frequencies are not varied enough to cover the range of predictor 

values. Table 20 displays official records of charges and convictions at each follow up. 

While percentages are roughly similar across genders, the cell counts are substantially 

lower for girls than boys, due to the lower sample size. Analyses examining the violent 

recidivism at the 6-month follow ups are based upon very small numbers of girls, and are 

likely to yield problems and errors in the regression models. 
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Table 20. Rates of Official Charges or Convictions at each Follow up 

 

6M Follow up 12M Follow up 

 

Any Recidivism 

%, n 

Violent Recidivism 

%, n 

Any Recidivism 

%, n 

Violent Recidivism 

%, n 

Total 24.0 25 9.6 10 28.8 30 15.4 16 

Boys 24.6 17 10.1 7 29.0 20 17.4 12 

Girls 22.9 8 8.6 3 28.6 10 11.4 4 

Note. 3M: 3-month; 12M: 12-month; Recidivism is cumulative: 0 to 3 months, 0 to 6 months, 0 to 12 months. 

Other variables 

A summary of the psychometric properties for all other variables used is 

presented in Table 21. These were measured at Time 2, which is 6-months following 

Time 1, and can be considered concurrent measures. This time point was selected for 

the concurrent change factors for close proximity to the Time 1-Time 2 change scores. 

According to skew and kurtosis statistics (West et al., 1995), the majority of these 

variables were not substantially skewed or peaked. Only statistics on the Victimization-

Relational scale indicated departure from a normal distribution. 

Table 21. Psychometric properties of all Other variables 

Variable N M SD Range Skew Kurtosis Alpha 

MAYSI-2 

       Anger/Irritability Scale (AI) 70 3.49 2.51 0.00-8.00 0.19 -1.20 0.75 

Depressed/Anxious Scale (DA) 71 2.00 1.95 0.00-8.00 0.90 0.31 0.68 

Alcohol/Drug Scale (AD) 71 2.93 2.59 0.00-8.00 0.38 -1.17 0.84 

Drug & Alcohol Use Scale 

       Total 68 15.75 5.43 6.00-26.00 0.00 -0.78 0.73 

Victimization Scale 

       Relational  69 9.09 5.29 6.00-33.00 2.87 9.05 0.91 

Physical 69 9.88 4.71 6.00-23.00 1.40 1.03 0.84 

Neighbourhood 
Disorganization Scale 

       Total 68 10.75 3.92 5.00-20.00 0.30 -0.75 0.83 

Note: MAYSI-2: Massachusetts Youth Screening Instrument-Version 2. The .. indicates that internal 
consistency was not applicable to this variable. 

Where possible to calculate, all Cronbach α statistics indicated fair to excellent 

internal consistency, with the exception of the Depressed/Anxious scale of the MAYSI-2, 
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which was marginally in the poor range. It is unclear why this scale would have poor 

internal consistency, because previous studies have exhibited acceptable internal 

consistency (Grisso & Barnum, 2006). It may be due to the hybrid nature of this scale, 

including both anxiety and depression into a single scale. In one instance, the DAU Total 

score, 1 item had zero variance and was dropped from the internal consistency 

analyses. 

3.3.2. Question 1: Does impulsivity change significantly over a 6-
month follow up period? 

Group level change examined through paired t-tests showed that there were no 

significant group changes in any of the impulsivity scores across the follow up period (all 

ts < |1.77|, p ≥ .08; Table 22). Pearson correlations between Time 1 and Time 2 were 

significant for all impulsivity scores except the 350ms Stop Trial, and most effects were 

in the large size range (i.e., r > .5; Table 22). Change on the EJIS total score was not 

significantly associated with change on the GoStop inhibition scores. 

Table 22. Group Level Change 

  

T2 

  

  

Correlations Paired t-test 

  

EJIS 
total 

150ms 
Inh 

350ms 
Inh 

NoStop 
Inh 

Novel 
Inh 

t (df)  p  

T1 

EJIS total 0.56*** 0.02 -0.10 0.03 -0.05 -1.77 (73) .08 

150ms 
Inh  

0.52*** 0.12 -0.23 0.15 -0.47 (49) .64 

350ms 
Inh   

0.22 -0.08 -0.05 0.12 (49) .91 

NoStop 
Inh    

0.34* -0.38 -0.69 (49) .49 

Novel Inh 
    

0.69*** -1.17 (49) .25 

Note. T1: Time 1; T2: Time 2; EJIS: Eysenck Junior Impulsiveness Scale; Inh: Inhibition. 

  

Intra-individual change was measured in three ways, including simple and 

residual change scores, and the RCI (Table 23). The simple and residual change scores 
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were standardized in order to compare across the GoStop and EJIS measures. A cut-off 

of 1.00 SD beyond the mean change score was applied in order to examine degree of 

meaningful change as measured by the simple and residual change scores. Total 

percent change was observed on the self report (28.4 – 35.1%) and the GoStop tool (8.0 

– 36.0%). There were slightly higher percentages of change on the EJIS, 150ms Stop 

trial, and Novel trial inhibition scores when measured by residualized change, and higher 

percentages of change on the 350ms Stop trial and NoStop trial inhibition scores when 

measured by simple change.  

The RCI provided an indication of meaningful change on impulsivity measures 

that falls beyond the 90% confidence interval. In the current sample, modest levels of 

meaningful intra-individual change according to the RCI were observed across the 

measures (8.0 – 13.5%). Based on simple and residual change scores, meaningful 

changes in scores occurred most frequently on the EJIS and 150ms inhibition scores. 

Based on the RCI, meaningful changes in scores occurred most frequently on the EJIS 

scores. 

Table 23. Percent Meaningful Intra-Individual Change 

 

Standardized Simple Change  

(%) 

Standardized Residual Change 

(%) 

RCI, 90% CI. 

(%) 

 

Total Inc Dec Total Inc Dec Total Inc Dec 

EJIS 
total 28.4 13.5 14.9 35.1 17.6 17.6 13.5 9.5 4.1 

150ms 
Inh 32.0 16.0 16.0 36.0 14.0 22.0 8.0 8.0 0.0 

350ms 
Inh 26.0 12.0 14.0 12.0 10.0 2.0 8.0 6.0 2.0 

NoStop 
Inh 20.0 8.0 12.0 8.0 6.0 2.0 10.0 6.0 4.0 

Novel 
Inh 12.0 6.0 6.0 14.0 6.0 8.0 8.0 6.0 2.0 

Note. RCI: Reliable Change Index; CI: Confidence Interval; Inc: Increasing T1 to T2; Dec: Decreasing T1 to 
T2; EJIS: Eysenck Junior Impulsiveness Scale; Inh: Inhibition. 

Analyses with multiple imputation data identified similar degress of simple and 

standardized residual change. In all but two cases, the differential was less than 10.0%. 

See Appendix F for a table comparing percentage change on original and multiple 
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imputation data (full data available upon request). It was not possible to compute the 

RCI with multiple imputation data, due to there being no calculation of pooled standard 

error. 

3.3.3. Question 2: If changes to impulsivity are detected, what 
concurrent factors may associate with change? 

Seven possible concurrent factors were examined in an attempt to better 

understand associations with changes in impulsivity across the 6-month follow up. 

Preliminary correlation analyses presented in Table 24 show these factors only 

associated with changes to EJIS total scores and 150ms inhibition scores. The 

concurrent factors were not significantly correlated with change on the remaining 

GoStop measures, including 350ms Stop trial Inhibition, NoStop trial Inhibition, or Novel 

trial Inhibition.  

Higher scores on the Alcohol/Drug Problem, and Anger/Irritability MAYSI-2 

scales at Time 2 were significantly correlated with lower residual change scores on the 

EJIS. This means that lower reported substance use and anger were associated with 

positive gains in self-control. Similarly, for the 150ms Inhibition score, higher DAU total 

scores, MAYSI-2 Alcohol/Drug Problems scale scores, and MAYSI-2 

Depressed/Anxious scale scores, and Physical Victimization were significantly 

associated with lower residual change scores. This means that lower reported substance 

use, depression and anxiety, and overt victimization were associated with positive gains 

in self-control. 
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Table 24. Correlations Between Concurrent Factors and Change on 
Impulsivity  

  

MAYSI-2 
AI 

MAYSI-2 
DA 

MAYSI-2 
AD 

DAU 
Total 

VT 
Relational 

VT 
Physical 

ND    
Total 

Residual 
Change 

(Z) 

EJIS 
total -0.32** -0.13 -0.31* -0.13 -0.06 -0.21 -0.21 

150ms 
Inh -0.25 -0.30* -0.34* 

-
0.34* -0.01 -0.33* 0.02 

350ms 
Inh -0.11 -0.18 -0.03 -0.09 0.07 -0.17 -0.10 

NoStop 
Inh -0.24 -0.19 -0.20 -0.11 -0.05 -0.16 -0.04 

Novel 
Inh -0.14 -0.24 -0.15 -0.17 0.01 -0.25 -0.12 

Note. Concurrent factors were measured at Time 2; MAYSI-2: Massachusetts Youth Screening Instrument- 
Version 2; AI: Angry/Irritable Scale; DA: Depressed/Anxious Scale; AD: Alcohol/Drug Use Scale; DAU: Drug 
and Alcohol Use Scale; VT: Victimization scale; ND: Neighbourhood Disorganization Z: Standard Scores; 
Inh: Inhibition.  * p ≤ .05, ** p ≤ .01, *** p ≤ .001. 

Results with linear regression analyses were similar to the correlations, and 

significant findings are presented in Table 25. Only scores on the MAYSI-2 

Angry/Irritable scale and Physical Victimization were associated with standardized 

residual change scores on the EJIS, while controlling for age and sex. The negative beta 

value indicated that lower scores on these scales were associated with gains on impulse 

control, as measured by the EJIS. Lower scores on the MAYSI-2 Depressed/Anxious 

scale, DAU, and Physical Victimization scale were also associated with positive change 

on 150ms Stop trial inhibition scores, indicating improved impulse control was linked with 

less exposure to these factors. All other concurrent factors were not significantly 

associated with impulsivity change scores, including Relational Victimization, MAYSI-2 

Alcohol/Drug Problems, and Neighbourhood Disorganization.  

Highly similar results were found when standardized simple change scores were 

used in place of standardized residual change scores. See Appendix E for a summary 

table of the significant findings. The primary differences were that with simple change 

scores, the MAYSI-2 Angry/Irritable scores were associated with change to both the 

EJIS and the 150ms Inhibition scores, and Physical Victimization was not significantly 

associated with change on the EJIS. 
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Table 25. Concurrent Associations with Standardized Residual Change on 
Impulsivity Measures 

EJIS Residual Change (Z) 

     

Predictor variable B 
Bootstrap 95% 

CI  SE t p 

MAYSI-2 Angry/ Irritable -0.13 .. 0.05 -2.68 ≤ .01 

Victimization- Physical -0.05 -0.09 - 0.00 0.03 -1.68 0.05 

      150ms Inh Residual Change (Z) 

     

Predictor variable B 
Bootstrap 95% 

CI  SE t p 

MAYSI-2 Depressed/ Anxious -0.16 .. 0.08 -2.04 .05 

DAU- Total -0.06 .. 0.03 -2.29 .03 

Victimization- Physical -0.07 .. 0.03 -2.29 .03 

Note: Bootstrapping was applied only when there was evidence of non-random or non-normal residuals; 
EJIS: Eysenck Junior Impulsiveness Scale; Z: Standardized; B: Beta coefficient; CI: Confidence Interval for 
Bootstrap B; SE: Standard Error of B; MAYSI-2: Massachusetts Youth Screening Instrument- Version 2; Inh: 
Inhibition; DAU: Drug and Alcohol Use Scale. 

Analyses with multiple imputation data showed that there were fewer significant 

correlations (MI analyses available upon request). The EJIS standardized residual 

change scores were negatively associated with only MAYSI-2 Alcohol/Drug Problems, 

MAYSI-2 Angry/Irritable, Physical Victimization total, and Neighbourhood 

Disorganization total. For the regressions, multiple imputation analyses confirmed that 

the MAYSI-2 Angry/Irritable scale and overt victimization were associated with EJIS 

residual change scores. These analyses did not, however, confirm any of the findings 

with the 150ms Stop trial inhibition change scores. 

3.3.4. Question 3: Do changes in impulsivity measures account for 
change in the probability of reoffending and violence? 

Results from the negative binomial regression models are presented in Table 26 

to Table 30 below, separately for each impulsivity measure. In all models, the 

standardized residual change scores were used as the predictor variables. All models 

were re-run with standardized simple change scores, controlling for Time 1 (see 

Appendix E), and differences in results are noted. 
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Regarding the 150ms inhibition standardized change residual scores (Table 26), 

change was predictive of both SRO-Any and SRO-Violent reoffending at 6-month follow 

up, as well as official records of total and violent reoffending at the 12-month follow up. 

In all instances, lower degrees of change than predicted by the regression (less 

improvement in impulse control) were associated with higher reoffending rates. There 

were two instances where the overall model was not significant, but individual predictor 

variables were significant (6-month SRO-Violent, 12-month Official-Any Reoffending). 

The same results were found when these models were re-run with standardized simple 

change scores (see Appendix E for full analyses). 

Regarding the 350ms inhibition standardized change residual scores (Table 27), 

change was not predictive of any of the outcomes at either the 6-month or 12-month 

follow ups. The same results were found when these models were re-run with 

standardized simple change scores (see Appendix E for full analyses). 
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Table 26. Negative Binomial Regression of Standardized Residual Change Scores of 150ms Inhibition on Offending 
Outcomes 

6M Follow up SRO-Any SRO-Violent 

 

b (SE) Exp (b) 95% CI p  b (SE) Exp (b) 95% CI p 

Sex -0.51 (0.39) 0.60 0.28-1.29 .19 -0.24 (0.58) 0.78 0.25-2.43 .67 

Age -0.24 (0.21) 0.78 0.52-1.19 .25 -0.08 (0.32) 0.92 0.50-1.71 .80 

150ms Inh -0.46 (0.17) 0.63 0.45-0.88 .01 -0.51 (0.23) 0.60 0.38-0.94 .03 

LR χ2 Model Fit χ2 = 9.97, p = .02, n = 44 χ2 = 5.52, p = .14, n = 42 

         6M Follow up Any Reoffending (Official Records) 

    

 

b (SE) Exp (b) 95% CI p 

    Sex -0.15 (0.69) 0.86 0.22-3.33 .82 

    Age -0.39 (0.40) 0.68 0.31-1.48 .33 

    150ms Inh -0.40 (0.34) 0.67 0.34-1.30 .24 

    LR χ2 Model Fit χ2 = 4.04, p = .26, n = 50 

    

         12M Follow up Any Reoffending (Official Records) Violent Reoffending (Official Records) 

 

b (SE) Exp (b) 95% CI p b (SE) Exp (b) 95% CI p 

Sex 0.33 (0.69) 1.39 0.36-5.41 .63 -1.74 (1.35) 0.18 0.01-2.48 .20 

Age -0.21 (0.41) 0.81 0.36-1.80 .61 0.27 (0.49) 1.31 0.50-3.39 .58 

150ms Inh -0.66 (0.33) 0.52 0.27-0.98 .04 -2.97 (1.13) 0.05 0.01-0.47 .01 

LR χ2 Model Fit χ2 = 7.07, p =.07, n = 50 χ2 = 17.91, p ≤.001, n = 50 

Note. 6M: 6-month; SRO: Self-Report of Offending; b: Beta coefficient; SE: Standard Error of b; Exp(b): Odds Ratio; CI: Confidence Interval of Odds Ratio; Inh: 
Inhibition; LR: Likelihood Ratio; 12M: 12-month.
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Table 27. Negative Binomial Regression of Standardized Residual Change Scores of the 350ms Inhibition on Offending 
Outcomes 

6M Follow up SRO-Any SRO-Violent 

 

b (SE) Exp (b) 95% CI p b (SE) Exp (b) 95% CI p 

Sex -0.42 (0.42) 0.65 0.28-1.50 .32 -0.18 (0.63) 0.84 0.24-2.91 .78 

Age -0.24 (0.25) 0.78 0.48-1.28 .33 -0.07 (0.38) 0.94 0.45-1.96 .86 

350ms Inh -0.24 (0.23) 0.79 0.50-1.25 .31 -0.28 (0.35) 0.76 0.39-1.49 .43 

LR χ2 Model Fit χ2 = 3.15, p = .37, n = 44 χ2 = 0.91, p = .82, n = 42 

         6M Follow up Any Reoffending (Official Records) 

    

 

b (SE) Exp (b) 95% CI p 

    Sex -0.09 (0.70) 0.91 0.23-3.57 .89 

    Age -0.50 (0.38) 0.60 0.29-1.27 .18 

    350ms Inh -0.56 (0.47) 0.57 0.23-1.44 .24 

    LR χ2 Model Fit χ2 = 4.20, p = .24, n = 50 

    

         

 

Any Reoffending (Official Records) Violent Reoffending (Official Records) 

12M Follow up b (SE) Exp (b) 95% CI p b (SE) Exp (b) 95% CI p 

Sex 0.73 (0.74) 2.08 0.49-8.91 .32 0.21 (1.08) 1.23 0.15-10.25 .85 

Age -0.34 (0.44) 0.71 0.30-1.68 .44 -0.58 (0.44) 0.56 0.24-1.33 .19 

350ms Inh -0.38 (0.40) 0.68 0.31-1.49 .34 -0.19 (0.57) 0.82 0.27-2.51 .73 

LR χ2 Model Fit χ2 = 3.09, p =.38, n = 50 χ2 = 2.51, p = .47, n = 50 

Note. 6M: 6-month; SRO: Self-Report of Offending; b: Beta coefficient; SE: Standard Error of b; Exp(b): Odds Ratio; CI: Confidence Interval of Odds Ratio; Inh: 
Inhibition; LR: Likelihood Ratio; 12M: 12-month. 
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Regarding the NoStop inhibition standardized residual change scores (Table 28), 

change was not predictive of any of the outcomes at either the 6-month or 12-month 

follow ups. Due to error in the negative binomial model (singular Hessian matrix, 

numerical errors), the 12-month official records violent reoffending model could not be 

evaluated. The same results were found when these models were re-run with 

standardized simple change scores (see Appendix E for full analyses). 

Regarding the Novel inhibition standardized change residual scores (Table 29), 

change was predictive of both SRO-Any and SRO-Violent reoffending at the 6-month 

follow up, as well as official records of total reoffending at the 6-month follow up. In all 

instances, lower degrees of change than predicted by the regression (smaller 

improvements in impulse control) were associated with higher reoffending. The Novel 

inhibition change scores were not predictive of reoffending at the 12-month follow up. 

There was one instance where the overall model was marginally significant, but the 

individual predictor variable was significant (6-month SRO-Violent). The results were not 

different before and after removing outlier(s) on the model predicting the 6-month official 

records any reoffending outcome. 

In comparison, when using standardized simple change scores as predictors, 

results for the 12-month follow up were the same (i.e., all non-significant). Also, results 

with 6-month were similar with the exception that the official records general reoffending 

model was not significant with the standardized simple change scores (see Appendix E 

for full analyses). 
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Table 28. Negative Binomial Regression of Standardized Residual Change Scores of the NoStop Trial Inhibition on 
Offending Outcomes 

6M Follow up SRO-Any SRO-Violent 

 

b (SE) Exp (b) 95% CI p b (SE) Exp (b) 95% CI p 

Sex -0.30 (0.43) 0.74 0.32-1.70 .47 -0.10 (0.61) 0.91 0.27-3.02 .87 

Age -0.32 (0.24) 0.73 0.45-1.18 .19 -0.21 (0.34) 0.81 0.42-1.56 .52 

NoStop Inh -0.29 (0.22) 0.74 0.48-1.15 .19 -0.56 (0.37) 0.57 0.28-1.19 .13 

LR χ2 Model Fit χ2 = 3.86, p = .28, n = 44 χ2 = 2.92, p = .40, n = 42 

         6M Follow up Any Reoffending (Official Records) 

    

 

b (SE) Exp (b) 95% CI p 

    Sex -0.09 (0.65) 0.91 0.25-3.29 .89 

    Age -0.43 (0.34) 0.65 0.34-1.26 .20 

    NoStop Inh -1.21 (0.67) 0.30 0.08-1.11 .07 

    LR χ2 Model Fit χ2 = 7.39, p = .06, n = 50 

    

         12M Follow up Any Reoffending (Official Records) 

 

 

b (SE) Exp (b) 95% CI p 

    Sex 0.71 (0.72) 2.04 0.50-8.36 .32 

    Age -0.30 (0.42) 0.74 0.32-1.70 .48 

    NoStop Inh -0.81 (0.58) 0.45 0.14-1.39 .16 

    LR χ2 Model Fit χ2 = 4.85, p =.18, n = 50 

 Note. 6M: 6-month; SRO: Self-Report of Offending; b: Beta coefficient; SE: Standard Error of b; Exp(b): Odds Ratio; CI: Confidence Interval of Odds Ratio; Inh: 
Inhibition; LR: Likelihood Ratio; 12M: 12-month. 



 

114 

Table 29. Negative Binomial Regression of Standardized Residual Change Scores of the Novel Trial Inhibition on 
Offending Outcomes 

6M Follow up SRO-Any SRO-Violent 

 

b (SE) Exp (b) 95% CI p b (SE) Exp (b) 95% CI p 

Sex -0.67 (0.38) 0.51 0.24-1.08 .08 -0.37 (0.54) 0.69 0.24-2.00 .49 

Age -0.09 (0.21) 0.91 0.60-1.39 .67 0.11 (0.31) 1.12 0.61-2.04 .72 

Novel Inh -0.53 (0.21) 0.59 0.39-0.89 .01 -0.54 (0.26) 0.58 0.35-0.96 .03 

LR χ2 Model Fit χ2 = 12.33, p ≤ .01, n = 44 χ2 = 7.26, p = .06, n = 42 

         6M Follow up Any Reoffending (Official Records) 

    

 

b (SE) Exp (b) 95% CI p 

    Sex 0.32 (0.70) 1.38 0.35-5.40 .65 

    Age -0.13 (0.34) 0.87 0.44-1.72 .70 

    Novel Inh -0.61 (0.23) 0.54 0.35-0.86 .01 

    LR χ2 Model Fit χ2 = 13.28, p ≤ .01, n = 49 

    

         12M Follow up Any Reoffending (Official Records) Violent Reoffending (Official Records) 

 

b (SE) Exp (b) 95% CI p b (SE) Exp (b) 95% CI p 

Sex 0.43 (0.70) 1.54 0.39-6.06 .53 -0.60 (1.35) 0.55 0.04-7.83 .66 

Age 0.09 (0.48) 1.09 0.43-2.78 .86 0.28 (0.67) 1.33 0.35-4.96 .67 

Novel Inh -0.50 (0.31) 0.60 0.33-1.10 .10 -0.85 (0.46) 0.43 0.17-1.05 .06 

LR χ2 Model Fit χ2 = 6.23, p =.10, n = 50 χ2 = 7.22, p = .07, n = 50 

Note. 6M: 6-month; SRO: Self-Report of Offending; b: Beta coefficient; SE: Standard Error of b; Exp(b): Odds Ratio; CI: Confidence Interval of Odds Ratio; Inh: 
Inhibition; LR: Likelihood Ratio; 12M: 12-month. 
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Regarding the EJIS Total standardized residual change scores (Table 30), 

change was predictive of both SRO-Any and SRO-Violent reoffending at the 6-month 

follow up, as well as official records of general and violent reoffending at the 12-month 

follow up. In all instances, lower degrees of change than predicted by the regression 

(smaller improvements) were associated with higher reoffending. Age was also a 

significant predictor of SRO-Total at the 6-month follow up (p ≤ .05), and fell below the p 

≤ .10 level of significance in other models. The directionality was younger ages were 

associated with higher SRO-Any scores. There was one instance where the overall 

model was not significant, but the predictor variable was significant (6-month SRO-

Violent), and there was one instance where the overall model was significant. The 

results were not different before and after removing outlier(s) on the model predicting the 

12-month official records violent reoffending outcome. 

In comparison, when using standardized simple change scores as predictors, 

results were nearly identical. Exceptions were that the 6-month official records general 

reoffending model was significant at p ≤ .05, rather than p ≤ .10, and age was more often 

significant at p ≤ .05. See Appendix E for full analyses. 

Results with the multiple imputation data with the 150ms inhibition models were 

the same, with the exception that 150ms residual change was a significant (p ≤ .10 level) 

predictor of the SRO-Violent outcome, and a non-significant predictor of the violent 

reoffending official records outcome (multiple imputation analyses available upon 

request). Results with the Novel trial inhibition models were the same, with the exception 

that Novel trial residual change was a non-significant predictor of the 6-month general 

reoffending official records outcome. Results with the EJIS models were the same, with 

the exception that EJIS residual change was a non-significant predictor of the 12-month 

outcomes. 
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Table 30. Negative Binomial Regression of Standardized Residual Change Scores of the EJIS total on Offending 
Outcomes 

6M Follow up SRO-Any SRO-Violent 

 

b (SE) Exp (b) 95% CI p  b (SE) Exp (b) 95% CI p  

Sex -0.19 (0.41) 0.83 0.37-1.85 .64 0.14 (0.57) 1.15 0.38-3.53 .80 

Age -0.49 (0.23) 0.61 0.39-0.96 .03 -0.36 (0.30) 0.70 0.39-1.25 .23 

EJIS Residual Change -0.41 (0.18) 0.66 0.47-0.94 .02 -0.51 (0.24) 0.60 0.38-0.96 .03 

LR χ2 Model Fit χ2 = 8.96, p = .03, n = 66 χ2 = .6.34, p = .10, n = 64 

         6M Follow up Any Reoffending (Official Records) 

    

 

b (SE) Exp (b) 95% CI p  

    Sex 0.69 (0.65) 1.99 0.56-7.08 .29 

    Age -0.62 (0.35) 0.54 0.27-1.07 .08 

    EJIS Residual Change -0.54 (0.31) 0.58 0.32-1.08 .09 

    LR χ2 Model Fit χ2 = 6.70, p = .08, n = 74 

    

         12M Follow up Any Reoffending (Official Records) Violent Reoffending (Official Records) 

 

b (SE) Exp (b) 95% CI p  b (SE) Exp (b) 95% CI p  

Sex 1.38 (0.73) 3.96 0.95-16.51 .06 0.42 (1.19) 1.52 0.15-15.72 .73 

Age -0.78 (0.44) 0.46 0.19-1.09 .08 -0.88 (0.47) 0.41 0.17-1.03 .06 

EJIS Residual Change -0.70 (0.36) 0.49 0.24-1.00 .05 -1.16 (0.51) 0.31 0.11-0.85 .02 

LR χ2 Model Fit χ2 = 9.67, p =.02, n = 74 χ2 = 10.04, p = .02, n = 73 

Note. 6M: 6-month; SRO: Self-Report of Offending; b: Beta coefficient; SE: Standard Error of b; Exp(b): Odds Ratio; CI: Confidence Interval of Odds Ratio; EJIS: 
Eysenck Junior Impulsiveness Scale; LR: Likelihood Ratio; 12M: 12-month. 
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3.4. Discussion 

Overall, research suggests that, while there may be some evidence for relative 

stability of impulsivity traits, this occurs in concert with significant developmental 

changes during adolescence. There are few studies that have examined longer-term 

change on performance-based impulsivity tools (greater than a few hours), and shorter-

term changes on self-report tools (less than years), as well as possible predictors of 

change. Also, there has been minimal examination of whether change on the dynamic 

risk factor of impulsivity relates with outcomes of antisocial behaviour in a prospective, 

longitudinal manner. Therefore, the overarching goal with this study was to investigate 

impulsivity as a dynamic risk factor for violence and re-offending in youths. This study 

focused on intra-individual changes to impulsivity (comparing self-report and 

performance-based scores over a 6-month follow up period), possible correlates of 

change, and whether intra-individual change was associated with changes to violence 

and offending (official record and self-report).  

3.4.1. Question 1: Does impulsivity change significantly over a 6-
month follow up period? 

It was hypothesized that there would be minimal group-level change, but more 

evidence of intra-individual change across the follow up period. Also, the degree of 

variability across impulsivity measures was compared to determine whether there was 

evidence of more variability in scores on the GoStop task (acute, state-level impulsivity) 

than the EJIS (stable, trait-level impulsivity). If the GoStop task is a better representation 

of state-level impulsivity, then greater variability in these scores would be expected, in 

both increasing or decreasing directions. In contrast, if the EJIS is a better 

representation of stable impulsivity traits, it would be expected that there will be less 

change in scores in either direction.  

Overall, the results showed a general pattern of minimal group-level change, 

matched with higher degrees of intra-individual change. These contrasting results 

indicate that examining change at a group-level may mask individual change; even the 
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paired samples analysis that is designed to better account for individual change scores 

indicated no significant differences between Time 2 and Time 1. This may be because 

youths are changing in different directions, some increasing in impulse control and 

others decreasing, which may be washing out any effects. The intra-individual analyses 

provide more information about each unique point and path through the justice system 

(i.e., some youths at the start of probation, some at the end; some on their third 

probation order, some on their first; some youths receiving services/treatment, others 

not).  

Moreover, the degree of intra-individual change observed depended upon the 

way change was calculated and conceptualized. For some of the impulsivity measures, 

slightly higher frequencies of meaningful change (≥ 1.00 SD from the mean change) 

were observed with simple change scores, and for others, higher frequencies of 

meaningful change were observed with residual change scores. The RCI provided the 

most conservative measure of meaningful change, with rates between 8.0 and 13.5%. 

Based on the RCI, meaningful changes in scores occurred most frequently on the EJIS 

scores. However, overall, these results indicate that there was a moderate degree of 

meaningful intra-individual change to impulse control across the 6-month follow up. 

Comparing the self-report and performance-based scores, there did not appear 

to be clear evidence that performance-based GoStop scores were more variable or 

linked with state-level impulsivity than the EJIS questionnaire. Using standardized 

change scores enabled the comparison of degree of change on these two different tools. 

Based on simple and residual change scores, meaningful changes over the follow up 

occurred most frequently on the EJIS and 150ms inhibition scores. Approximately one-

third of the youths exhibited meaningful change in impulse control over the 6-month 

follow up. In contrast, examining the RCI, scores on the EJIS exhibited the most reliable 

change (13.5%) over the 6-month period in comparison to the four GoStop scores (8.0 – 

10.0%). These findings suggest that performance-based scores may not be more 

sensitive to state-level impulsivity than a self-report questionnaire. 

Additionally, these findings suggest that self-report questionnaire scores may not 

represent enduring traits, or may not be as stable as previously hypothesized. The EJIS 
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is an aspect of a personality inventory, which at the time of derivation, was expected to 

measure personality traits that would remain relatively stable across the lifespan 

(Eysenck & Eysenck, 1978). In the current study, there was a strong significant 

association between Time 1 and Time 2 self-reported impulsivity (r = .56). To compare 

this finding with previous work, other researchers found similar strong correlations 

across a three year follow up period in a sample of adolescents with the Barratt 

Impulsiveness Scale (r = .43; Niv, Tuvblad, Raine, Wang, & Baker, 2012). However, this 

is paired with the finding that between 8.0 and 36.0% of youths showed substantial gains 

or declines in impulse control over the same period, according to the EJIS. These 

findings mirror those found in the literature. While personality can have some stability 

over time, meta-analyses find considerable change in traits across the lifespan, 

particularly during childhood and adolescence (Roberts, Walton, Viechtbauer, 2006; 

Roberts & DelVecchio, 2000).  

Other studies conceptualize impulsivity as a cognitive ability, moreso than an 

enduring personality trait, particularly during adolescence due to ongoing brain 

development (Steinberg et al., 2008). Under this framework, it may make sense to find 

discrepancies and changes across both self-report and performance-based impulsivity 

measures during adolescence, as was found in this study. Interestingly, change on the 

self-report measure was not associated with change on inhibition on the GoStop tool, 

which may indicate, as in Chapter 2, that these two tools provide complimentary 

information on the development of underlying impulse control abilities. 

3.4.2. Question 2: If changes to impulsivity are detected, what 
concurrent factors may associate with change? 

Since intra-individual changes to impulsivity were detected, the next step was to 

attempt to identify possible concurrent factors that could be linked with that change. Two 

types of concurrent contextual factors were explored; internal, individual factors included 

substance use and negative affect, and external, environmental factors included 

victimization and neighbourhood disorganization. It was hypothesized that overall, 

exposure to lower levels of the concurrent factors would be associated with 
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improvements to impulse control, and exposure to higher levels of these factors would 

be associated with declines.  

Results from the correlation and regression analyses were similar, though there 

were fewer significant concurrent factors identified in the regressions. None of the 

concurrent factors were significantly related to changes on the GoStop inhibition scores 

except the 150ms Stop trial scores. In general, when the concurrent factors were 

significant predictors of change, it was in the direction expected: higher reported 

exposure to the concurrent factors was associated with smaller improvements, or 

declines, to impulse control (negative residual change scores). This relationship 

indicates that as exposure to concurrent factors increased, there was more negative 

residual change in the impulsivity score, meaning that the youths did not make the gains 

in impulse control that would be expected by the regression model. The meaning of 

internal and external concurrent factors will be discussed in turn. 

First, the internal concurrent factors associated with change to both types of 

impulsivity measures. Higher reported problems with anger and irritability were linked 

with smaller improvements, or declines, on the EJIS. Negative affect in the form of anger 

and irritability may decrease the youths’ ability to regulate impulses and urges, resulting 

in minimal gains, or declines, in self-reported EJIS scores. It was also found that 

negative affect in the form of depression and anxiety was associated with smaller 

improvements, or declines, on the 150ms Stop trial inhibition scores. These findings 

align with previous research, wherein negative mood states exacerbated impulsivity 

(Tice et al., 2001; Cyders & Smith, 2008) and alleviation of depression symptoms was 

associated with decreased impulsivity (Corruble et al., 1999). It is important to note that 

MAYSI-2 scores are a hybrid of depression and anxiety, and do not correspond with 

clinical depression symptoms (Grisso et al., 2001). Thus, findings with the MAYSI-2 may 

be more representative of the general link between negative mood states and impulsivity 

(Tice et al., 2001; Cyders & Smith, 2008). It is interesting that internal mood states that 

associated with change on the GoStop (i.e., depressed/anxious mood, substance use) 

were different than those that associated with change on the EJIS (i.e., angry/irritable 

mood). While this further supports the notion that the two forms of measures are 
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complementary, it is presently unclear why one would more strongly link with anger 

versus depression. Further follow up on this may yield useful results. 

Second, the internal concurrent factor of substance use was also associated with 

change scores, but only performance on the GoStop 150ms Stop trials. Here, lower 

levels of substance use were associated with more positive improvements to impulse 

control over the follow up. There has been an established link between GoStop 

performance and substance use (Dougherty et al., 2009), however there is also a strong 

association between substance use and increased impulsivity in general (Bjork, 

Hommer, Grant, & Danube, 2004; Rubio, et al., 2008; Stautz & Cooper, 2013). As such, 

it is interesting that substance use was associated with changes in the GoStop only, and 

not the EJIS. Also, it was the proximal measure (substance use in the past month via the 

DAU) that was relevant to change in impulsivity, rather than the more general measure 

of use and negative impacts (MAYSI-2 A/D scale). Recent, acute exposure to substance 

use may be more important to disinhibition than a history of substance use. 

Finally, only one external, environmental concurrent factor associated with 

changes to the impulsivity measures. Higher exposure to overt, physical victimization 

was associated with smaller improvements, or declines, to impulse control over the 

follow up, as measured by the performance on the 150ms Stop trials of the GoStop. 

Previous studies have identified associations among victimization, impulsivity and 

negative outcomes (Smith & Ecob, 2007; Sweeten et al., 2013), wherein higher 

victimization was associated with higher impulsivity. The current findings align with the 

previous research in this area. Neighbourhood disorganization, however, was not found 

to associate with changes to impulse control in this sample.  

Overall, these findings indicate that higher exposure to both internal and external 

concurrent factors was associated with smaller improvements, or declines, in impulse 

control over the 6-month follow up. It is important to note that the current findings cannot 

speak directly to causality (i.e., that the low exposure to these factors caused the 

positive improvements in impulse control), just that the change was associated with the 

presence of these factors. The concurrent factors were measured concurrent with Time 
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2 of the change scores, in order to more closely link the factors with change. Further 

research disentangling cause would be highly useful.  

3.4.3. Question 3: Do changes on impulsivity measures account 
for change in the probability of reoffending and violence? 

It was expected that youths showing gains in impulse control from Time 1 to 

Time 2 (measured by either self-report or computer-task scores) would have lower rates 

of reoffending and violence, in comparison to youths whose impulse control decreased 

or remained consistent over the 6-month period. These findings would support the notion 

that impulsivity is a dynamic risk factor that contributes toward risk for violence and 

recidivism in adolescents. Overall, there was evidence to support this hypothesis, from 

both the self-report EJIS and performance-based GoStop task.  

First, these findings provide some evidence that impulsivity change over a 6-

month period is associated with reoffending measured at Time 2 (concurrently), and 12-

months after Time 1 (prospectively). However, change on other impulsivity measures 

was not predictive of these outcomes. On all significant measures, the direction of the 

relationship indicated that as the degree of positive residual change on the impulsivity 

measures increased (indicating gains to impulse control), the rates of reoffending 

declined. These outcomes were found while controlling for sex and age. Sex was not a 

significant predictor of outcomes, and age was predictive in only one model. Results for 

concurrent outcomes (Time 2 outcomes) are discussed first, followed by those for the 

prospective 12-month outcomes. 

On the GoStop, increasing inhibition on the 150ms Stop trials and the Novel trials 

were both associated with lower self-reported general and violent reoffending at the 

Time 2 follow up. Positive change on the Novel trials was also negatively associated with 

official records of any charges or convictions at Time 2. While scores on the Stop trials 

are thought to represent disinhibition, scores on the Novel trials represent broader 

concepts of accuracy and vigilance, which while not direct measures of impulsivity, are 

thought to be linked. For instance, youths who had trouble inhibiting urges to respond 

upon presentation of the Stop signal may also have had troubles refraining from 

responding when the numbers were unmatched.  
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Similarly, with the EJIS, gains in impulse control were associated with less self-

reported general and violent reoffending at the Time 2 follow up. Self-reported 

impulsivity was marginally associated with official records of reoffending at Time 2. 

Interestingly, GoStop and EJIS scores predicted similar outcomes, and change on both 

measures was relevant to recidivism. Also, both tools predicted violence and general 

reoffending at Time 2, indicating the selection of either tool for future research on 

recidivism may be helpful. 

It was interesting that changes in inhibition on the 350ms Stop trials were not 

associated with any of the outcomes. This variable has been used in several previous 

studies with the GoStop task, and was selected partially under the rationale that since it 

is the most difficult trial type, it would be most sensitive to impulse control abilities and 

change. However, in this sample of high-risk youths, this trial may have been too 

challenging in order to detect meaningful changes. Indeed, only 4.5% of youths scored 

above 70% inhibition on the 350ms trials, and fewer youths made the expected gains on 

the 350ms trials than the 150ms trials (10% versus 14%, respectively). This may indicate 

that the 250ms or 150ms Stop latency onset may be a more appropriate ceiling selection 

for the current sample, despite the utility of the other Stop latencies in previous research.  

At the 12-month follow up, gains on both the 150ms inhibition scores and EJIS 

were associated with declines in official records of charges and convictions of general 

and violent offences. This finding shows that change on the impulsivity measures is 

associated with both short-term and long-term outcomes, and suggests that small 

changes during adolescence may result in improvements over time. Interestingly, the 

GoStop score operated similarly to the EJIS, despite some hypotheses that these scores 

would be more meaningful for short-term outcomes, than for long-term outcomes. While 

several studies have examined change to impulsivity over time, few have examined 

shorter, 6-month follow ups, and none have examined change in disinhibition over time. 

Overall, these findings are supportive of impulsivity as a dynamic risk factor, 

fulfilling several criteria laid out by previous researchers (Douglas & Skeem 2005). In this 

study, the current findings showed that impulsivity changed over time, and those 

changes were linked with reoffending behaviour. While it is not possible to equate these 
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findings with intervention work, this important finding suggests that impulsivity may be a 

fruitful target of intervention for reducing reoffending. These results also align with 

previous research examining differential developmental trajectories within a sample of 

at-risk youths (Monahan et al., 2009b). In that study, youths who desisted in their 

offending over time also showed gains in impulse control, while youths who persisted in 

their offending behaviour continued to have problems with impulse control. Similarly, the 

present study also displays an association between gains in impulse control, as 

measured by performance or self-report, and lower rates of reoffending at 6-months and 

12-months following Time 1. This further emphasizes the importance of assisting youth 

in developing their impulse control skills as a possible way to reduce their offending as 

they begin to transition into adulthood. 
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Chapter 4.  
 
Conclusions & Future Research 

In closing, the overall conclusions and general implications are discussed here. 

The limitations of the study measures and analyses will be outlined first. Following this, 

the implications of the current study to the forensic psychology and clinical psychology 

fields will be reviewed, along with possible directions for future research. 

4.1. Limitations 

As with any study, it is important to understand the limitations of the current 

study. In this section, the limitations of the measures are discussed first, followed by the 

analyses. When relevant, steps taken to address these limitations are also outlined. 

4.1.1. Measures 

Control variables 

A number of control variables were included in the current study, including 

gender, age, and age of first offense. In most cases, analyses controlled for gender and 

age, thereby reducing the possibility that the effect of impulsivity measures on outcomes 

could be attributed to gender or age differences. Age of first arrest was included as a 

control variable in one set of analyses, in order to evaluate whether the performance-

based measure provided any unique information on recidivism beyond that established 

by other, important risk factors that are typically considered (Cottle et al., 2001). In the 

current study, the sample size and nature of the analyses restricted the number of 

control variables that could be included. Therefore, priority was given to controlling for 

basic demographic factors that were known to impact on impulsivity (gender and age) 
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and outcome (age of first arrest). Further studies with larger sample size could include 

more of these variables. Nevertheless, there are a number of other demographic and 

psychosocial variables that would be relevant to the analyses.  

Socioeconomic status is commonly included as a control variable, particularly in 

social science research (Bornstein & Bradley, 2003). The related factor of social and 

environmental stressors was investigated as a possible concurrent association with 

change in Chapter 3 of the current study. Previous research has linked the construct of 

social strain with more problems with impulse control (Lynam et al., 2000) and offending 

(Sweeten et al., 2013). However, see Andrews and Bonta (2010) for a more thorough 

discussion of the conceptualization of socioeconomic status as a risk factor for violence 

and recidivism.  

Ethnicity is another demographic factor that may be a relevant control variable. It 

is particularly important considering the disproportionate overrepresentation of minority 

groups in the justice system overall (Lauritsen & Sampson, 1998), and specifically 

regarding overrepresentation of Aboriginal and First Nations individuals in the Canadian 

justice system (Jeffries & Stenning, 2014; Kramar & Sealy, 2006). The current study 

sample included approximately one-quarter youths who self-identified as Aboriginal or 

First Nations. Further studies could examine group differences, for instance whether 

impulsivity was a common risk factor across ethnic groups, or whether intervention or 

risk management techniques targeting impulsivity may differ in efficacy. In relation to 

ethnicity, the psychosocial variable of trauma history is also an important consideration 

for forensic research, particularly with youths (Zelechoski, 2016). 

Self-report versus official record data 

A number of measures used in this study were based upon self-report. Self-

report data has limitations, for instance based on natural decay of memory, individual 

differences in introspection, or social desirability biases, particularly for high-risk 

behaviour, such as substance use or aggression (Dolcini, Adler, & Ginsberg, 1996; van 

de Looij-Jansen, Goldschmeding, & de Wilde, 2006). However, much research indicates 

that overall youths predominantly provide reliable, consistent reports of sensitive issues, 

including mental health (Cantwell, Lewinsohn, Rohde, & Seeley, 1997), substance use 
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(Langhinrichsen et al., 1990; Stein et al., 2002) and offending (Joliffe & Farrington, 

2014). There are ways in which researchers may increase the likelihood of accurate 

reporting of some behaviours, such as ensuring anonymity of responses (van de Looij-

Jansen et al., 2006) or conducting secondary verification of reports through biological 

tests or diaries or observation (Dolcini, et al., 1996).  

In the current study, there were a number of strategies that were used to help 

reduce the limitations of self-report data. To help improve memory, distinct 3-month 

follow ups and memory cues were used throughout the interview (i.e., “Last time we met, 

you were living with x person. Who were you living with during the past 3-months?”). 

Additionally, self-report outcome data was re-scaled to collapse any more than four 

instances of an offence into “four or more” to reduce the impact of possible errors in 

estimating frequency, particularly over-reporting (Knight et al., 2004; Kirk, 2006; 

Theobald et al., 2014). Other efforts were aimed at encouraging candid reporting by 

reducing social desirability and fear of repercussions. Youths were ensured that their 

responses would be kept private from parents, workers, and their probation officer, 

within the limits of confidentiality. Responses were semi-anonymous, as all paperwork 

was labelled with ID codes instead of names. Youth were asked to leave questions blank 

if they did not wish to disclose particular information, rather than providing false 

information. If youths were not comfortable reporting on the various topics, they were 

able to discontinue their involvement with the study at any time. Finally, youths knew that 

interviewers would be reviewing their official probation records, thereby providing a form 

of secondary verification. 

Official records data, while verified by documentation, also come with limitations. 

Crimes may not result in charges or convictions, or go unreported or undetected entirely, 

thereby providing a limited indication of actual behaviour (Coleman & Moynihan, 1996; 

Langton, Berzofsky, Krebs, & Smiley-McDonald, 2012). In this sample, youths self-

reported more offending than was observed by official records. Additionally, official 

records can provide an imperfect record of offence categories, such as violent versus 

non-violent. This was not a prime concern for this sample because the definition of 

violence that was employed includes any physical or threatened harm to others (Douglas 

et al., 2013), and so comprises offences such as uttering threats that may not be 



 

128 

categorized as “violent” offences by other definitions. Overall, both self-report and official 

records have strengths and limitations, and examining both outcomes simultaneously is 

a strength of this study. 

The Form-Function Aggression Measure 

As outlined in the discussion, there are some limitations to the FFAM (Little et al., 

2003). The distinction between reactive and instrumental forms of aggression has been 

questioned in recent studies. For instance, the originally proposed factor structure has 

not been confirmed by some other researchers (Lee et al., 2010), and strong conceptual 

overlap has been found between the functions of aggression (Card & Little, 2006; Vitaro, 

2007). In the current study sample, reactive and instrumental aggression were strongly 

associated (rs = .60), and there was some item overlap between factors on the factor 

analysis, which further supports the idea of indistinct constructs. However, there was 

some degree of support for the factors according to the factor analysis, particularly the 

instrumental aggression scale. In the current study, the FFAM measure was selected to 

provide preliminary information on whether the novel, performance-based impulsivity 

measure would relate differently to different forms of aggression, considering that it 

purportedly addresses alternate aspects of the impulsivity construct. No prior studies 

have investigated this question, so the current study indicates the need for additional 

work to address this question, perhaps with other measures of aggression. 

GoStop Impulsivity Paradigm 

There was a smaller sample size on GoStop scores than the EJIS questionnaire 

data, because the introduction date of the task to the interview battery was later than the 

self-report. Also, there was increased opportunity for missing data than with the EJIS 

questionnaire due to administration and computer errors, or the completion of phone 

interviews. Furthermore, youth factors were more relevant to the GoStop than 

questionnaires. For instance, problems with inattention or impulsivity, or experiences of 

frustration or boredom that induced the youth to decline completing the task, also 

resulted in missing data. 

The setting for the interviews, including the GoStop task, was semi-private 

locations. Attempts to mitigate possible distractions during the task was not fully 
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successful, as most youth declined to wear the earphones provided. However, wearing 

earplugs did not appear to impart any substantial advantage in performance. There also 

did not appear to be an impact of distractions on any performance scores, aside from 

errors on the Time 1 Novel trials. This was not a primary disinhibition variable, but it was 

linked with outcomes in Study 1. It is unclear how the presence of distractions would 

impact scores to such a degree in order to impact the relationship with offending. 

Although examination of distraction and location information recorded during the 

interviews suggested little impact on GoStop performance, this represents a departure 

from other research with this tool, and therefore should be noted. 

Presently, there are no consistent ways to evaluate performance on the GoStop 

task, such as standardized cut-offs for effort or accuracy during the task. The authors of 

the task were able to provide rough guidelines to judge when score profiles may be more 

likely to be unreliable, but there are no standardized cut-offs that could be used across 

studies. There are also no specifications on which formulas may be preferable under 

which conditions (i.e., ratio scores versus inhibition scores), aside from previous studies 

with the tool. These decisions are left to each individual researcher, and make it difficult 

to compare findings across studies and generalize findings. This would be an important 

area of further development for individuals who intend to pursue ongoing use of the 

GoStop task. 

4.1.2. Analyses 

Sample size 

While the overall sample size was adequate to obtain reasonable power for most 

analyses, the sample size of girls was small. There were no significant differences 

between genders on the impulsivity and outcome measures, indicating that analyses 

with the total sample were appropriate. However, most analyses still controlled for 

gender. The small female sample size resulted in particularly low power on the 

moderator analyses. All findings were non-significant, so this is an area for a more in-

depth investigation in the future. Based on the small sample size, it is not possible to 

conclude if the nonsignificant findings are true, or if the effects were small and not able 

to be detected with the current analyses. 
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Negative binomial regressions 

Negative binomial regressions were conducted according to a process 

recommended and outlined in textbooks by a prominent statistician in the field (Hilbe, 

2007, 2014). There are various ways to specify the negative binomial model and 

estimate the dispersion parameter, some of which are not available in SPSS 18.0. For 

the present study, the simplest and most traditional forms of the negative binomial model 

were adopted (Poisson, geometric and MLE estimated), and since these were found to 

provide adequate fit to the data, other more complex models were not pursued. Further, 

highly complex statistical processes are required to estimate power with negative 

binomial regression models. For the current study, best estimates from the literature 

were applied, but future research in this area is required in order for researchers to 

determine sample size and power estimates. 

Multiple imputation 

Multiple imputation, and all missing data analyses, are not optimal under 

conditions when data are not missing not at random (MNAR; Enders, 2010; Rubin, 

1987). In this sample, it was expected that some missing data would be MNAR, thereby 

limiting the efficacy of the multiple imputation procedure. However, other procedures 

suffer the same problems. Also, multiple imputation techniques struggle increasingly as 

the percentage of missing data increases. While the percentage of missing data was 

within the acceptable range for multiple imputation procedures, as missing data 

increases, the estimates become more biased (Newman, 2003). 

When conducting the multiple imputation procedure, it was not possible to enter 

all data at the item level, due to the sample size. Though item-level imputation imparts a 

power advantage, simulation studies have found that imputing at the scale level does not 

greatly influence bias of scale-level parameter estimates (Enders & Gottschall, 2012). 

Auxiliary variables were included to assist with the accurate estimation of the data, but it 

is not possible to know how well these variables worked, or the accuracy of the multiple 

imputation estimates overall.  
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4.2. Current Study 

The overarching purpose of the current study was to examine impulsivity as a 

prospective, dynamic risk factor for recidivism in a sample of justice system-involved 

youths. Two different types of measures of impulsivity, self-report (EJIS) and 

performance-based (GoStop), were compared. More specifically, analyses examined 

whether self-report and performance-based measures of impulsivity related to each 

other, changed over time, and whether change differentially predicted reoffending and 

violence. Results indicated that the two impulsivity measures were not associated, but 

both predicted prospective outcomes of reoffending, aggression and violence. Inhibition 

on the GoStop task significantly contributed to the prediction of recidivism, even while 

controlling for EJIS and age of first arrest, supporting the notion that performance-based 

impulsivity measures provide complementary information to self-report.  

Group-level changes were non-significant, but intra-individual changes were 

observed for a small group of youths over the 6-month follow up period. Lower reported 

physical victimization, substance use, and negative affective states, including anger and 

depression/anxiety, were associated with positive gains in impulse control during the 6-

month follow up. Self-report and performance-based impulsivity change scores predicted 

self-report and official records of general and violent reoffending at 6- and 12-month 

follow ups. Thus, both self-reported and performance-based impulsivity are relevant to 

outcomes of reoffending and violence among justice-involved youths. 

Limitations notwithstanding, the current study contributes to the literature in 

several ways. First, this study provides comparative information about two different types 

of impulsivity measures in a sample of justice system involved youths, one being a 

traditionally employed self-report, and another a relatively novel performance-based 

task. The current findings reinforce the multifaceted nature of the impulsivity construct, 

and encourage the usefulness of employing multi-measure methods that provide 

complimentary information. Based on these findings, it may be worthwhile for clinicians 

and researchers to integrate standardized performance-based tasks to assessments of 

impulsivity. 
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Second, this study provides evidence of predictive validity of self-report and 

performance-based measures of impulsivity for recidivism, including both violent and 

general reoffending. Specifically, accuracy and attention on the inhibition task and 

impulse control reported on the questionnaire predicted lower reoffending in the short-

term and in the long-term. To date, only one other study has compared how these two 

different impulsivity tools relate to reoffending over time (Fine et al., 2016). The current 

study contributes further upon the findings from Fine and colleagues (2016), in that the 

current study found that disinhibition has predictive validity for official records of 

recidivism. Official records of recidivism were not examined by Fine and colleagues 

(2016). Thus, the type of impulsivity measure selected by a researcher or clinician may 

be partly based on the outcome being measured; GoStop scores may not assist in the 

prediction of outcomes of self-reported recidivism. 

Finally, the current study reinforces the usefulness of impulsivity as a dynamic 

risk factor for recidivism in adolescents. According to the recommendations of others in 

defining a dynamic risk factor (Douglas & Skeem, 2005; Klepfisz et al., 2016), the 

current study indicates that impulsivity can exhibit change over time, even the course of 

several months, and this change predicts significant differences in reoffending 

behaviour. Youths with gains in impulse control displayed less violent and general 

reoffending over the follow up periods. Intra-individual change to impulsivity was 

observed, in the absence of repeated measures differences, highlighting the importance 

of understanding the multiple trajectories that youths follow over time. The current study 

also sought to elucidate possible underlying correlates of change, as per 

recommendations in the area of forensic psychology (Heffernan & Ward, 2015; Klepfisz 

et al., 2016). Less intense negative mood states, such as depression and anger, less 

substance use and less exposure to overt, physical victimization were the primary 

concurrent factors associated with gains to impulse control. 

Overall, the findings in this study are consistent with the General Theory of 

Crime, which states that low impulse control abilities are at the root of offending 

(Gottfredson & Hirschi,1990). The results from the current study showed that two 

variants of impulse control were significant predictors of reoffending, even after 

controlling for various other factors, such as gender, age, and age of first offence. 
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Findings from this study are also consistent with trajectory research (Monahan et al., 

2009a; Moffitt, 1993). Similar to this previous work, the current study provides evidence 

of different paths of change over time, wherein youths on the path of gains in impulse 

control engaged in less reoffending over time. However, the current study is limited in 

scope, and only used two time points, so full trajectories are unknown.  

Moreover, it is important to consider applications to risk assessment. As with any 

risk factor, determining relevance of the factor to the offending behaviour of the 

individual is key (Klepfisz, et al., 2016; Bonta & Andrews, 2007). Although the current 

findings, and the growing body of literature in the area, suggest that most at-risk youths 

could benefit from developing skills and strategies to manage and regulate impulses, this 

will not be the case for all youths. Consideration of this fact helps to bridge the gap 

between nomothetic and idiographic risk assessment (Douglas et al., 2013), as well as 

the gap between risk factors and treatment plans (Polaschek, 2012; Ward, 2015). There 

is no one-size fits all treatment program or plan.  

One primary reason for identifying dynamic risk factors is the hope that they 

could be intervention targets, and successful management and intervention could 

ultimately lead to reduced recidivism. However, studies linking “natural” gains in impulse 

control with offending outcomes, such as developmental studies or longitudinal cohort 

studies, is not necessarily the same as linking gains in impulse control resulting from an 

intervention. Although it points us in the right direction, researchers need to determine 

whether these trajectories could be adjusted through intervention. In the current study, 

the sample was not completely free of any intervention. These youths were on probation 

in the community, and monitored regularly. Some received intensive and one-on-one 

supports, and a number were receiving services such as job training, mental health 

therapy, family and parenting interventions, and medications. Some were screened for 

substance use, and attended addictions treatment. It is unclear in the literature, 

particularly in longitudinal cohort studies, to what degree some of these interventions 

may have been in place as well. Therefore, well-controlled evaluations of the efficacy of 

impulse control interventions would be important to determine whether interventions 

have the intended impact.  
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Additionally, impulse control is a developmental construct, and there will be 

biological limitations on the amount of change that can be anticipated. The neurobiology 

is not yet fully formed during childhood, so maximal regulation will involve an element of 

waiting for developmental processes to catch up. In this case, interventions would be 

more concerned with individual differences, and assisting the most vulnerable youths in 

developing skills and perhaps assisting families and schools to implement supports that 

protect youths from impulsivity until their neurobiology is more fully developed. This 

might be similar to a harm reduction strategy, wherein youths are taught how to make 

more informed decisions on risky behaviour (e.g., using contraception and prophylactics 

during sexual encounters, choosing to use alcohol in safe locations with reliable peers).  

In general, findings from the current study, and the research to date, support the 

notion that interventions aimed at impulsivity could successfully reduce risk in juveniles. 

For instance, some treatment programs have been successful in teaching impulse 

regulation skills (e.g., Stop Now and Plan; Koegl, Farrington, Augimeri, & Day, 2008). 

Additionally, treatments aimed at reducing aggression typically integrate an element of 

impulse control, such as Aggression Replacement Treatment, and the Incredible Years 

programs (Glick & Gibb, 2010; Webster-Stratton, & Hammond, 1997). These programs 

teach strategies that extend the time between the urge and action, such as counting or 

breathing or self-talk, as a way to assist youths to evaluate alternatives and increase the 

likelihood of inhibiting a maladaptive response. This process is similar to decreasing the 

Stop signal latency on the GoStop task, where higher rates of inhibition were found on 

trials with shorter latencies (50ms). The fact that youths in the current study were more 

successful in inhibiting responses at the 50ms latency indicates a capacity to inhibit 

urges, under the right conditions. A meta-analysis of a broad group of cognitive 

behaviour modification treatment programs that integrate such practices found positive 

results in reducing hyperactivity-impulsivity and aggression (Robinson, Smith, Miller & 

Brownell, 1999). Therefore, there is promising evidence that interventions could have the 

intended impacts on impulse control in youths.  

Ultimately, next steps would involve clinical trials and evaluations of impulse 

control interventions. There has been recent emphasis and encouragement of the 

widespread implementation of such programs, considering findings of impulse control’s 
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impacts on health and economic outcomes, as well as criminal activity (Moffitt et al., 

2010). Some researchers have taken a public health approach, suggesting that a 

primary-level population-based intervention could have positive effects for most 

individuals. However, in the context of recidivism and forensic psychology, individuals 

offend for various reasons, and recidivism is based on the presence of diverse sets of 

risk factors (Monahan et al., 2001). It may not be reasonable to expect that gains to a 

single factor in isolation would result in profound change to violence outcomes. For 

instance, change on the HCR-20-V3 total dynamic scores was a significant predictor of 

change in violence (Douglas et al., 2011; de Vries Robbe, de Vogel, Douglas, & Nijman, 

2014), but single dynamic factors in isolation were not examined. Another possible way 

to summarize change has been proposed as risk factor domains (Polaschek, 2006; 

Thornton, 2013). One such conceptualization included impulsivity/self-regulation deficits 

and affective dyscontrol as two of four risk factor domains most relevant to violent 

offending (Polaschek, 2006). Regarding clinical trials once again, an initial goal might be 

to measure the effects of an impulse control intervention in isolation in order to 

determine efficacy alone, then evaluate its integration into larger recidivism intervention 

programs and systems. In conclusion, the current study provides valuable information 

that positive growth in impulse control over time, as measured by complementary 

impulsivity tools, can have meaningful links with reduced reoffending and violence in a 

high-risk sample of adolescents. 
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Appendix A.  
 
Eysenck Junior Impulsiveness Scale Questionnaire 

Item Yes No 

1. Do you sometimes get so restless that you cannot sit in a chair long? 0 1 

2. Do you often long for excitement? 0 1 

3. Do you save regularly? 0 1 

4. Do you often buy things on impulse? 0 1 

5. Do you generally do and say things without stopping to think? 0 1 

6. Do you often get into a jam because you do things without thinking? 0 1 

7. Would you enjoy gambling? 0 1 

8. Do you usually work quickly without bothering to check your answers? 0 1 

9. Do people you are with have a strong influence on your moods? 0 1 

10. Are you an impulsive person? 0 1 

11. Do you usually think carefully before doing anything? 0 1 

12. Do you often do things on the spur of the moment? 0 1 

13. Do you sometimes break rules on the spur of the moment? 0 1 

14. Do you mostly speak before thinking things out? 0 1 

15. Do you often get involved in things you later wish you could get out of? 0 1 

16. Do you get so “carried away” by new and exciting ideas, that you never think of 
possible snags? 

0 1 

17. Do you get bored more easily than most people, doing the same old things? 0 1 

18. Do you think planning takes the fun out of things? 0 1 

19. Do you need to use a lot of self control to keep out of trouble? 0 1 

20. Are you often surprised at people’s reactions to what you do or say? 0 1 

21. Do you get very annoyed if someone keeps you waiting? 0 1 

22. Do you get very restless if you have to stay around home for any length of time? 0 1 

23. Do you sometimes put down the first answer that comes into your head, during a test 
and forget to check it later? 

0 1 
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Appendix B.  
 
GoStop Impulsivity Paradigm Instructions 

Instruction 
Card 

Card Front 
(displayed 
to youth) 

Instructions (read aloud to youth) 

1 54935 

For this task, you need to pay attention and remember numbers. This card shows you 
what the computer screen will look like during your session. Like you see on the card 
here (point to number on front), the numbers will be black against a white background. 
The five digit numbers appear on the screen… 

2 54935 

…one right after another. If the numbers match, like this one (point to number on front 
of card) matches the number you just saw…then you should click the left mouse 
button (point out button that has a white dot sticker on it),  

but only when the number you see is exactly the same as the one just before it. 

3 63897 
If the numbers do not match…like this one (point to number on front of card) doesn’t 
match the last one…then do not click the mouse button.  

4 28416 

Okay, this is an important part (pause…), whenever you respond, or “click”, to a 
number, you must click while that number is still on the screen. Clicking after the 
number disappears from the screen does not count. (pause…). Another important part 
is that this task can be a little tricky… Sometimes a number that matches the one you 
just saw will change from black… 

5 28416 

…to red…(pause…) You do NOT click for any number that changes to red. So, in 
other words, you click the mouse button when you see a matching number…but… 
only if that number does NOT turn red. Finally, remember to respond to a number 
while it is still on the screen.  

6 Please Rest 
During your session you will have a short rest break. The screen will show you a 
message … don’t leave the computer during this time.  

7 Get Ready! 

Just before the end of the break, a message will tell you to “Get Ready”. When you 
see this message, watch the screen for the next part of the session to start. You will 
do the same thing during all parts of the session… clicking on the matching numbers 
while they are still on the screen, as long as they don’t turn red.  

8 

You Have 
Completed 
Your Session! 

You earned 
75 Points! 

 

You will earn points for this session based on how accurately you perform…clicking 
the mouse when you’re supposed to, and NOT clicking the mouse when you’re not 
supposed to. 

When the session is over, a message will tell you how many points you earned during 
your session. If your points are high enough, you will get an extra prize.  

Do you have any questions? (pause…) Do you know when you are supposed to click 
the mouse? (pause…) (If the youth responds “No, I don’t know when to click”, re-
explain: You need to click when the numbers match and when the numbers are still 
on the screen, as long as they don’t turn red. If they turn red, or if the numbers don’t 
match, you do not click. Okay?) 

So that you aren’t distracted and make mistakes, we have these ear plugs for you to 
wear while you are doing this task. You can click the button in the middle of the 
screen whenever you are ready to begin. (Pass them the computer & ear plugs). 
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Appendix C.  
 
Self-Report of Offending Questionnaire 

Item Never 1 x 2-3 x 4 x 5 + 

1. Purposely destroyed or damaged property that did not belong to 
you?  

0 1 2 3 4 

2. Purposely set fire to a house, building, car or vacant lot?  0 1 2 3 4 

3. Entered or broken into a building to steal something?  0 1 2 3 4 

4. Stolen something from a store (shoplifted)?  0 1 2 3 4 

5. Bought, received, or sold something that you knew was stolen?  0 1 2 3 4 

6. Used checks or credit cards illegally?  0 1 2 3 4 

7. Stolen a car or motorcycle to keep or sell?  0 1 2 3 4 

8. Gone joyriding (stole a car or motorcycle to ride around) 0 1 2 3 4 

9. Entered or broken into a car to steal something from it?  0 1 2 3 4 

10. Sold marijuana?  0 1 2 3 4 

11. Sold other illegal drugs (cocaine, crack, heroin)?  0 1 2 3 4 

12. Carjacked someone?  0 1 2 3 4 

13. Driven while you were drunk or high? 0 1 2 3 4 

14. Been paid by someone for having sexual relations with them? 0 1 2 3 4 

15. Forced someone to have sex with you? 0 1 2 3 4 

16. Shot and hit someone? 0 1 2 3 4 

17. Shot AT someone?   0 1 2 3 4 

18. Taken something from another person by force, using a 
weapon? 

0 1 2 3 4 

19. Taken something from another person by force, without a 
weapon?  

0 1 2 3 4 

20. Beaten up or physically attacked somebody so badly that 
they probably needed a doctor?  

0 1 2 3 4 

21. Been in a fight? 0 1 2 3 4 

22. Beaten up, threatened, or physically attacked someone as 
part of a gang?  

0 1 2 3 4 

23. Carried a gun? 0 1 2 3 4 

Note: Bolded indicates item was used to calculate the SRO-Violent Total score 
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Appendix D.  
 
Factor Analysis with Form-Function Aggression 
Measure 

A principle axis factor analysis was conducted with the 12 FFAM items that were 
included in the current study, representing overt reactive and overt instrumental 
aggression. In order to assist with interpretation, an oblique rotation was applied (Direct 
Oblimin), which is most appropriate for scales that are expected to be correlated (Field, 
2013). The Kaiser-Meyer-Olkin measure of sampling adequacy indicated the sample 
size of 160 was well above adequate (KMO = .88; Hutchison & Sofroniou, 1999), and 
the anti-image correlation matrix did not indicate that any variables should be dropped 
from the analysis. Two factors had eigenvalues over Kaiser’s criterion of 1 and both 
factors explained 71.1% of the variance. Results from this analysis are presented in 
Table 31. The items that loaded on factor 1 were most consistent with the instrumental 
aggression FFAM subscale, and the items that loaded on factor 2 were most consistent 
with the reactive aggression FFAM subscale. 

Table 31. Factor Analysis Results for the Form Function Aggression Measure 

N = 160 

 

Rotated Factor Loading 

Subscale Item 1 2 

Reactive-
Overt 

1. When I’m hurt by someone, I often fight back. -0.16 0.84 

2. When I’m threatened by someone, I often threaten back. -0.06 0.88 

3. When I’m hurt by others, I often get back at them by 
saying mean things to them. 0.13 0.53 

4. If others make me upset or hurt me, I often put them down. 0.06 0.13 

5. If others have angered me, I often hit, kick or punch them. 0.40 0.54 

6. If others make me mad or upset, I often hurt them. 0.57 0.38 

Instrumental- 
Overt 

7. I often start fights to get what I want. 0.84 0.04 

8. I often threaten others to get what I want. 0.89 0.00 

9. I often hit, kick, or punch others to get what I want. 0.97 -0.02 

10. To get what I want, I often put others down. 0.94 -0.04 

11. To get what I want, I often say mean things to others. 0.87 -0.04 

12. To get what I want, I often hurt others. 0.93 -0.01 

Note. Bolded values indicate the highest factor loading value.  
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Appendix E.  
 
Simple Change Score Analyses 

For information and comparison purposes, some Chapter 3 analyses were also 
conducted using the simple change scores in place of residual change scores. The 
same analyses methods were used as outlined in Chapter 3. Overall, the pattern of 
findings was highly similar across simple and residual change scores. 

Concurrent associations with change to the impulsivity measures across the 6-month 
follow up period are presented first (Chapter 3, Question 2). Outliers were removed 
according to methods described in the Chapter 3 Methods. One outlier was removed in 
the EJIS model with the MAYSI-2 Angry/Irritable predictor, with non-significant results 
before removing the outlier. Two outliers were removed in the 150ms Inhibition model 
with the DAU-Total score predictor, with non-significant results before removing the 
outliers. See Table 32 for the results. 

In comparing findings with simple and residual change scores, all concurrent factors 
remained significant predictor variables with either change score, with the exception of 
one. With the simple change scores, physical victimization was not significantly 
associated with change on the EJIS over the 6-month follow up. Also, an additional 
factor, the MAYSI-2 Angry/Irritable score, was significantly associated with simple 
change on the 150ms Inhibition scores. Directionality of all concurrent associations was 
negative, indicating that higher reported exposure to the concurrent factor was 
associated with smaller gains, or declines, in impulse control over the follow up period. 
Interestingly, regardless of the type of change score used, relational victimization and 
neighbourhood disorganization were not associated with changes to impulsivity. 

Table 32. Concurrent Associations with Standardized Simple Change on 
Impulsivity Measures 

EJIS Simple Change 

     

Predictor variable B 
Bootstrap 95% 

CI  SE (B) t p  

MAYSI-2 Angry/ Irritable -0.10 .. 0.05 -2.08 .04 

      150ms Inh Simple Change 

     

Predictor variable B 
Bootstrap 95% 

CI  SE (B) t p  

MAYSI-2 Angry/ Irritable -0.12 .. 0.06 -2.07 .04 

MAYSI-2 Depressed/ Anxious -0.2 -0.37 - -0.03 0.08 -2.60 .02† 

DAU- Total -0.07 .. 0.02 -3.24 ≤.001 

Victimization- Physical -0.07 -0.12 - -0.03 0.03 -2.01 .01† 

Note: Only significant associations are reported here. Full analyses available upon request. Inh: Inhibition; .. 
: Bootstrapping not necessary for this model; † : Adjusted p-values based on bootstrapping. 
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Next, analyses conducted to examine whether change to impulsivity predicted outcomes 
of reoffending and violence are presented (Chapter 3, Question 3). Outliers were 
removed according to methods described in the Chapter 3 Methods. No outliers were 
identified or removed for the simple change score analyses. See Table 33 to Table 37 
for the results. 

In comparing findings with simple and residual change scores, most results remained 
with either change score. Regarding the 150ms inhibition scores, results were identical 
with simple change and residual change scores. Regarding the 350ms inhibition scores, 
results were identical with simple change and residual change scores1. Regarding the 
NoStop inhibition scores, results were identical with simple change and residual change 
scores. Regarding the Novel inhibition models, with simple change scores, Novel 
Inhibition change was not a significant predictor of official records of reoffending at 6-
months, and significant at the p ≤ .10 level as a predictor of self-reported violence at 6-
months. Other results remained the same. Regarding the EJIS models, a number of the 
effects that were only significant at the p ≤ .10 level in the residual change models were 
significant at p ≤ .05 level with simple change scores. The EJIS simple change scores 
were significant predictors of all the outcomes. Also, age was a significant predictor of all 
the official records outcomes, and none of the 6-month self reported reoffending and 
violence outcomes.  

Directionality of all impulsivity predictors was negative, indicating that gains in impulse 
control were associated with less recidivism at Time 2 and the 12-month follow up. 
Directionality of age in the EJIS models indicated that gains in age were associated with 
less recidivism at Time 2 and the 12-month follow up, which was also found with the 
residual change scores.  

 

 
1  With the simple change score model, sex was a significant predictor of 6-month official records 

of reoffending. 
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Table 33. Negative Binomial Regression of Standardized Simple Change Scores of 150ms Inhibition on Offending 
Outcomes 

 

Any Reoffending (Official Records) SRO-Any 

6M Follow up b (SE) Exp (b) 95% CI p b (SE) Exp (b) 95% CI p 

Sex -0.15 (0.69) 0.86 0.22-3.34 .83 -0.60 (0.38) 0.55 0.26-1.15 .11 

Age -0.45 (0.46) 0.64 0.26-1.57 .33 -0.14 (0.24) 0.87 0.54-1.40 .56 

T1 150ms Inh -0.27 (0.35) 0.76 0.38-1.53 .45 -0.62 (0.21) 0.54 0.36-0.81 .00 

150m Simple Change -0.47 (0.41) 0.63 0.28-1.41 .26 -0.55 (0.20) 0.58 0.39-0.85 .01 

LR χ2 Model Fit χ2 = 4.05, p = .40, n = 50 χ2 = 14.46, p ≤ .01, n = 44 

         

 

SRO-Violent 

    6M Follow up b (SE) Exp (b) 95% CI p 

    Sex -0.33 (0.57) 0.72 0.24-2.18 .56 

    Age 0.11 (0.37) 1.12 0.54-2.33 .77 

    T1 150ms Inh -0.65 (0.29) 0.52 0.29-0.92 .02 

    150m Simple Change -0.62 (0.27) 0.54 0.32-0.92 .02 

    LR χ2 Model Fit χ2 = 7.87, p ≤ .01, n = 42 

    

         

 

Any Reoffending (Official Records) Violent Reoffending (Official Records) 

12M Follow up b (SE) Exp (b) 95% CI p b (SE) Exp (b) 95% CI p 

Sex 0.29 (0.70) 1.33 0.33-5.30 .68 -1.82 (1.41) 0.16 0.01-2.58 .20 

Age -0.24 (0.48) 0.79 0.30-2.03 .62 0.40 (0.68) 1.49 0.39-5.69 .56 

T1 150ms Inh -0.28 (0.35) 0.76 0.38-1.51 .43 -1.78 (0.74) 0.17 0.04-0.72 .02 

150m Simple Change -0.83 (0.41) 0.44 0.20-0.97 .04 -3.70 (1.62) 0.02 0.00-0.59 .02 

LR χ2 Model Fit χ2 = 7.28, p = .12, n = 50 χ2 = 17.97, p ≤.001, n = 50 

Note. 6M: 6-month; SRO: Self-Report of Offending; b: Beta coefficient; SE: Standard Error of b; Exp(b): Odds Ratio; CI: Confidence Interval of Odds Ratio; T1: 
Time 1; Inh: Inhibition; LR: Likelihood Ratio; 12M: 12-month. 
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Table 34. Negative Binomial Regression of Standardized Simple Change Scores of 350ms Inhibition on Offending 
Outcomes 

 

Any Reoffending (Official Records) SRO-Any 

6M Follow up b (SE) Exp (b) 95% CI p b (SE) Exp (b) 95% CI p 

Sex -1.21 (0.57) 0.30 0.10-0.91 .03 -0.42 (0.43) 0.66 0.28-1.51 .32 

Age -0.07 (0.70) 0.94 0.24-3.68 .93 -0.26 (0.29) 0.77 0.43-1.37 .37 

T1 350ms Inh -0.63 (0.45) 0.53 0.22-1.28 .16 -0.25 (0.28) 0.78 0.45-1.34 .36 

350ms Simple Change -0.70 (0.59) 0.50 0.15-1.59 .24 -0.30 (0.30) 0.74 0.41-1.34 .32 

LR χ2 Model Fit χ2 = 4.55, p = .34, n = 50 χ2 = 3.24, p = .52, n = 44 

         

 

SRO-Violent 

    6M Follow up b (SE) Exp (b) 95% CI p 

    Sex -0.18 (0.63) 0.83 0.24-2.85 .77 

    Age -0.14 (0.47) 0.87 0.35-2.16 .76 

    T1 350ms Inh -0.11 (0.39) 0.90 0.42-1.94 .78 

    350ms Simple Change -0.37 (0.44) 0.69 0.29-1.65 .40 

    LR χ2 Model Fit χ2 = 1.10, p = .89, n = 42 

    

         

 

Any Reoffending (Official Records) Violent Reoffending (Official Records) 

12M Follow up b (SE) Exp (b) 95% CI p b (SE) Exp (b) 95% CI p 

Sex 0.72 (0.62) 2.05 0.61-6.96 .25 0.21 (1.10) 1.23 0.14-10.64 .85 

Age -0.42 (0.40) 0.66 0.30-1.44 .29 -0.66 (0.53) 0.52 0.18-1.46 .21 

T1 350ms Inh -0.61 (0.48) 0.54 0.21-1.38 .20 -0.12 (0.75) 0.89 0.21-3.84 .88 

350ms Simple Change -0.47 (0.43) 0.62 0.27-1.44 .27 -0.24 (0.74) 0.78 0.18-3.36 .74 

LR χ2 Model Fit χ2 = 5.13, p = .28, n = 50 χ2 = 2.43, p = .66, n = 50 

Note. 6M: 6-month; SRO: Self-Report of Offending; b: Beta coefficient; SE: Standard Error of b; Exp(b): Odds Ratio; CI: Confidence Interval of Odds Ratio; T1: 
Time 1; Inh: Inhibition; LR: Likelihood Ratio; 12M: 12-month. 
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Table 35. Negative Binomial Regression of Standardized Simple Change Scores of NoStop Inhibition on Offending 
Outcomes 

 

Any Reoffending (Official Records) SRO-Any 

6M Follow up b (SE) Exp (b) 95% CI p  b (SE) Exp (b) 95% CI p  

Sex -0.03 (0.67) 0.97 0.26-3.62 .97 -0.41 (0.45) 0.66 0.28-1.59 .36 

Age -0.57 (0.42) 0.56 0.25-1.29 .18 -0.41 (0.30) 0.66 0.37-1.18 .16 

T1 NoStop Inh -0.59 (0.48) 0.55 0.22-1.40 .21 0.11 (0.30) 1.12 0.62-2.01 .72 

NoStop Simple Change -1.33 (0.73) 0.26 0.06-1.11 .07 -0.28 (0.24) 0.75 0.47-1.20 .23 

LR χ2 Model Fit χ2= 7.59, p = .11, n = 50 χ2 = 4.41, p ≤ .05, n = 44 

         

 

SRO-Violent 

    6M Follow up b (SE) Exp (b) 95% CI p  

    Sex -0.25 (0.62) 0.78 0.23-2.62 .68 

    Age -0.37 (0.42) 0.69 0.30-1.57 .38 

    T1 NoStop Inh 0.19 (0.44) 1.21 0.51-2.88 .67 

    NoStop Simple Change -0.51 (0.40) 0.60 0.28-1.30 .20 

    LR χ2 Model Fit χ2 = 3.77, p = .44, n = 42 

    

         

 

Any Reoffending (Official Records) Violent Reoffending (Official Records) 

12M Follow up b (SE) Exp (b) 95% CI p  b (SE) Exp (b) 95% CI p  

Sex 0.72 (0.74) 2.06 0.48-8.84 .33 -1.45 (2.01) 0.23 0.00-12.07 .47 

Age -0.36 (0.50) 0.70 0.26-1.87 .48 0.63 (1.35) 1.88 0.13-26.70 .64 

T1 NoStop Inh -0.29 (0.42) 0.75 0.33-1.72 .50 1.37 (1.13) 3.95 0.43-36.02 .22 

NoStop Simple Change -0.84 (0.60) 0.43 0.13-1.41 .16 0.49 (0.65) 1.63 0.45-5.83 .45 

LR χ2 Model Fit χ2 = 4.86, p = .30, n = 50 χ2 = 3.04, p =.55, n = 47 

Note. 6M: 6-month; SRO: Self-Report of Offending; b: Beta coefficient; SE: Standard Error of b; Exp(b): Odds Ratio; CI: Confidence Interval of Odds Ratio; T1: 
Time 1; Inh: Inhibition; LR: Likelihood Ratio; 12M: 12-month. 
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Table 36. Negative Binomial Regression of Standardized Simple Change Scores of Novel Inhibition on Offending 
Outcomes 

 

Any Reoffending (Official Records) SRO-Any 

6M Follow up b (SE) Exp (b) 95% CI p  b (SE) Exp (b) 95% CI p  

Sex -0.30 (0.64) 0.74 0.21-2.61 .64 -0.71 (0.39) 0.49 0.23-1.06 .07 

Age -0.13 (0.43) 0.87 0.37-2.04 .76 -0.13 (0.25) 0.88 0.54-1.45 .62 

T1 Novel Inh -0.43 (0.31) 0.65 0.35-1.20 .17 -0.47 (0.26) 0.63 0.37-1.05 .08 

Novel Simple Change -0.62 (0.41) 0.54 0.24-1.21 .13 -0.63 (0.27) 0.53 0.31-0.91 .02 

LR χ2 Model Fit χ2 = 8.83, p = .06, n = 50 χ2 = 12.58, p ≤ .05, n = 44 

         

 

SRO-Violent 

    6M Follow up b (SE) Exp (b) 95% CI p 

    Sex -0.51 (0.57) 0.60 0.20-1.85 .38 

    Age 0.04 (0.37) 1.04 0.50-2.16 .91 

    T1 Novel Inh -0.56 (0.33) 0.57 0.30-1.09 .09 

    Novel Simple Change -0.62 (0.35) 0.54 0.27-1.07 .08 

    LR χ2 Model Fit χ2 = 7.89, p = .09, n = 42 

    

         

 

Any Reoffending (Official Records) Violent Reoffending (Official Records) 

12M Follow up b (SE) Exp (b) 95% CI p b (SE) Exp (b) 95% CI p 

Sex 0.38 (0.69) 1.46 0.37-5.71 .58 -2.16 (2.03) 0.12 0.00-6.17 .29 

Age -0.02 (0.59) 0.98 0.31-3.11 .98 0.00 (0.71) 1.00 0.25-3.98 .99 

T1 Novel Inh -0.51 (0.34) 0.60 0.31-1.17 .13 -1.62 (0.63) 0.20 0.06-0.69 .01 

Novel Simple Change -0.51 (0.44) 0.60 0.25-1.43 .25 -0.55 (0.43) 0.57 0.25-1.35 .20 

LR χ2 Model Fit χ2 = 6.75, p = .15, n = 50 χ2 = 20.06, p ≤ .001, n = 50 

Note. 6M: 6-month; SRO: Self-Report of Offending; b: Beta coefficient; SE: Standard Error of b; Exp(b): Odds Ratio; CI: Confidence Interval of Odds Ratio; T1: 
Time 1; Inh: Inhibition; LR: Likelihood Ratio; 12M: 12-month. 
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Table 37. Negative Binomial Regression of Standardized Simple Change Scores of EJIS on Offending Outcomes 

 

Any Reoffending (Official Records) SRO-Any 

6M Follow up b (SE) Exp (b) 95% CI p  b (SE) Exp (b) 95% CI p  

Sex 0.08 (0.65) 1.08 0.30-3.86 .90 -0.34 (0.38) 0.71 0.34-1.50 .37 

Age -0.74 (0.36) 0.48 0.23-0.97 .04 -0.45 (0.24) 0.64 0.40-1.03 .07 

T1 EJIS -1.02 (0.38) 0.36 0.17-0.75 .01 -0.71 (0.20) 0.49 0.33-0.72 ≤ .001 

EJIS Simple Change -0.66 (0.30) 0.52 0.29-0.94 .03 -0.53 (0.18) 0.59 0.42-0.84 ≤ .001 

LR χ2 Model Fit χ2 = 14.27, p ≤ .01, n = 74 χ2 = 19.67, p ≤ .001, n = 66 

         

 

SRO-Violent 

    6M Follow up b (SE) Exp (b) 95% CI p  

    Sex -0.10 (0.51) 0.91 0.33-2.49 .85 

    Age -0.33 (0.30) 0.72 0.40-1.30 .28 

    T1 EJIS -0.99 (0.28) 0.37 0.22-0.64 .00 

    EJIS Simple Change -0.68 (0.23) 0.50 0.32-0.79 .00 

    LR χ2 Model Fit χ2 = 18.49, p ≤ .001, n = 64 

    

         

 

Any Reoffending (Official Records) Violent Reoffending (Official Records) 

12M Follow up b (SE) Exp (b) 95% CI p  b (SE) Exp (b) 95% CI p  

Sex 0.66 (0.73) 1.93 0.46-8.05 .37 -0.02 (1.45) 0.98 0.06-16.91 .99 

Age -0.89 (0.46) 0.41 0.17-1.02 .05 -1.61 (0.64) 0.20 0.06-0.70 .01 

T1 EJIS -1.21 (0.43) 0.30 0.13-0.70 .01 -1.80 (0.91) 0.17 0.03-0.99 .05 

EJIS Inh -0.77 (0.31) 0.46 0.25-0.86 .01 -1.70 (0.74) 0.18 0.04-0.77 .02 

LR χ2 Model Fit χ2 = 17.65, p ≤ .001, n = 74 χ2 = 15.49, p ≤.01, n = 74 

Note. 6M: 6-month; SRO: Self-Report of Offending; b: Beta coefficient; SE: Standard Error of b; Exp(b): Odds Ratio; CI: Confidence Interval of Odds Ratio; T1: 
Time 1; Inh: Inhibition; LR: Likelihood Ratio; 12M: 12-month. 
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Appendix F.  
 
Change on Impulsivity Tools over a 6-Month Follow up 
Period: Original vs Multiple Imputation data 

Table 38. Change on Impulsivity Tools over a 6-Month Follow up Period: 
Original vs Multiple Imputation data 

 

 Original Data  MI data 
Differential                  

(MI - Original) 

 

Simple 
Chg (%) 

RCI 
Chg 
(%) 

Resid 
Chg (%) 

Simple 
Chg (%) 

RCI 
Chg 
(%) 

Resid 
Chg (%) 

Simple 
Chg 

Resid 
Chg 

EJIS total 90.5 13.5 35.1 92.0 .. 35.9 1.4 0.7 

150ms Inh 88.0 8.0 36.0 90.5 .. 31.0 2.5 -5.0 

350ms Inh 90.0 8.0 12.0 90.2 .. 22.1 0.2 10.1 

NoStop 
Inh 92.0 10.0 8.0 93.8 .. 10.9 1.8 2.9 

Novel Inh 92.0 8.0 14.0 94.9 .. 7.8 2.9 -6.2 

Note. RCI could not be calculated with MI data. MI: Multiple Imputation; Chg: Change; RCI: Reliable Change 
Index; Resid: Residual; Inh: Inhibition. 

 


