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The aim of the current dissertation was to provide new insights into the 
underlying mechanisms of antisocial adolescent behaviours by investigating the 

cognitive and neurobiological processes involved in various degrees of antisocial 
behaviour, as well as in the persistence of adolescent antisocial behaviour. 
Firstly, in Chapter 2 the meaningfulness of subtyping antisocial behaviours into 
reactive and proactive aggression in adolescents was investigated. Following, in 
Chapter 3 and 4 the social-cognitive processes related to reactive and proactive 

aggression was investigated. In Chapter 5 the predictive value of executive 
functioning for changes in conduct problems during compulsory residential 
treatment was investigated. Finally, in Chapters 6 and 7 structural brain 
development during adolescence was investigated in relation to antisocial 

behaviours.  

A common approach to subdivide antisocial behaviours, specifically 

aggression, is based on function or motive, into reactive and proactive 
aggression. In Chapter 2 the meaningfulness of subdividing aggression into 
reactive versus proactive aggression was investigated in a large sample of 
adolescents (n=587) with varying degrees of antisocial behavioural problems. 

Firstly, a factor-analysis confirmed that subtyping aggression into reactive and 
proactive aggression is valid, but might be better described by using three 
subtypes. The original proactive subtype was maintained, while the original 
‘reactive’ subtype was further divided into internal and external frustration. 

Furthermore, results from a Latent Class Analysis (person-based approach) 
revealed four homogeneous classes by using scores on these aggression subtypes. 
Proactive aggression was only present in combination with reactive aggression 
in the more severe classes. It was shown that associations between reactive and 
proactive aggression and anxiety, affective, somatic and attention deficit 

hyperactivity disorder (ADHD) problems were similar. The attribution to the 
four classes and the associations with mental health problems were mainly 
driven by severity of overall aggression, rather than the specific subtypes.  
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Although our study showed that the subtypes of reactive and proactive 

aggression could be distinguished, on an individual level the distinction between 
reactive and proactive aggression subtypes may not be clinically useful. 
However, results indicated that the presence of proactive aggression might 
signify a more severe form of aggression within the individual adolescent. Future 

research focussing on reactive versus proactive aggression might prove more 
meaningful by using a dimensional approach to investigate differences for these 
concepts (within individuals), rather then classifying individuals as either 
reactive or proactive.  

Social-cognitive processes 

Social-cognitive structures influence and mediate the decision-making process, 
connecting external situations to the outcome of social or antisocial behaviour 
(Huesmann, 1998). Earlier research has suggested that the origin of aggressive 

behaviours lies within one or more problems in social information processing 
(Crick & Dodge, 1994; de Castro, Merk, Koops, Veerman, & Bosch, 2005; 
Fontaine, 2010; Fontaine et al., 2010; Lansford et al., 2006; Orobio de Castro, 
Veerman, Koops, Bosch, & Monshouwer, 2002). Subtyping aggression into 
reactive and proactive aggression seems particularly promising regarding the 

assumed underlying functions; in which reactive aggression involves hostile 
attributions and is frustration based, while proactive stems from positive 
outcome learning (Merk, de Castro, Koops, & Matthys, 2005). Chapter 3 and 4 
showed that social-cognitive processes (i.e., social information processing and 

cognitive distortions) play an important role in adolescent aggression.  

In Chapter 3 it was investigated whether sequential social information 

processing (SIP) steps were related to the two subtypes of aggression (i.e., 
reactive and proactive) within an adolescent sample from a Dutch residential 
treatment facility. It was hypothesised that reactive aggression would relate to 
early SIP problems (i.e., encoding of external and internal cues and 

interpretation of cues), while proactive aggression would relate to late SIP steps 
(i.e., goal clarification, response generation, and response decision). Results 
showed that reactive and proactive aggression were both related to early and late 
SIP steps (e.g., encoding cues and response generation). Furthermore, several 
discrepancies between the specific SIP problems (e.g., response evaluation) and 

aggression subtypes were found. In addition, males showed similar SIP problems 
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for reactive and proactive aggression while females showed late SIP problems 
related to reactive aggression and minimal SIP problems for proactive 
aggression. A such, the current study showed that both early and late social 
information problems related to reactive and proactive aggression, and that this 

might differ for male and female adolescents.  

Social information processing is influenced by mental structures in the 
‘database’, storing memories and past experiences (Crick & Dodge, 1994). This 

database consists of latent mental structures and schemata’s and is thought to 
influence the different sequential steps in the SIP model. These social-cognitive 
structures influence and mediate the online decision-making process, connecting 
external situations to the outcome of social or antisocial behaviour (Huesmann, 

1998). Investigating social-cognitive processes further, Chapter 4 focused on 
self-serving cognitive distortions. These are defined as inaccurate thought 
patterns, attitudes or beliefs about others’ or one’s own behaviour, and are 
thought to foster antisocial behaviours (Barriga, Hawkins, & Camelia, 2008; 

Barriga, Landau, Stinson, Liau, & Gibbs, 2000). In this regard social cognitions, 
specifically ‘self-serving’ cognitive distortions are thought to contribute to 
harmful acts against others, and are typically linked to aggression and 
delinquency (Barriga et al., 2008, 2000).  

In Chapter 4 four distinct cognitive distortions were investigated in 
relation to reactive and proactive aggression. Reactive aggression is thought to 

typically be related to ‘blaming others’ and ‘assuming the worst’, while proactive 
aggression relates ‘self-centeredness’ and ‘minimising/mislabelling’. A sample of 
adolescents with behavioural problems enrolled in an evidence-based 
intervention to reduce their aggression was included in this study. Results 
indicated that the cognitive distortion ‘blame others’ was particularly important 

in behavioural changes involving reactive aggression, whereas proactive 
aggression seems to involve self-serving cognitive distortions overall. In line 
with Chapter 2, these results could be explained by severity of aggression. 
Possibly, proactive aggression is indicative of more severe aggression and thus 

involves more cognitive distortions, as compared to reactive aggression.  

Taken together, results from Chapter 3 and 4 suggest that reactive and 

proactive aggression mainly involve overlapping social-cognitive processes. 
Though neither study confirmed its initial hypothesis, some differences between 
reactive and proactive aggression were shown. Results from these studies 



|	  Chapter	  8	  

	  

192	  

indicate that a clear distinction between reactive and proactive aggression in 

antisocial adolescents based on the SIP model and earlier research may not be 
present. It can still be useful to distinguish reactive and proactive aggression 
subtypes. Proactive aggression may signify more severe aggression in 
adolescents, and could benefit from more targeted treatment. With regard to 

social information processing problems, results indicated proactive aggression 
was related to several specific SIP problems (e.g., overseeing consequences), 
which could serve as specific targets for treatment. For treatment of proactive 
aggression (supposedly more severe aggression) it may be particularly beneficial 

to target all four self-serving social cognitive biases involved. For the treatment 
of reactive aggression it may be sufficient to mainly target the social cognitive 
bias regarding blaming others. Future research should investigate whether it is 
clinically useful to translate the social-cognitive correlates of proactive (and 
reactive) aggression into more tailored treatment interventions.  

Executive functioning 

Poor executive functioning is related to antisocial behaviours (including 
delinquency, conduct disorder and psychopathy) and is thought to from a risk 
factor for the development and persistence of such behaviours (Morgan & 

Lilienfeld, 2000; Ogilvie, Stewart, Chan, & Shum, 2011). In Chapter 5 it was 
investigated as to whether executive functioning could predict behavioural 
changes in terms of the conduct problems of adolescents in standard residential 
treatment. This is one of few studies researching the predictive value of 

executive functioning for antisocial behaviours after treatment (Cornet et al., 
2015; Fishbein et al., 2009; Mullin & Simpson, 2007).  

Results showed poorer inhibition at admission was related to higher 

conduct problems at admission, in line with earlier research (Ogilvie et al., 2011). 
Contradicting our hypothesis, better planning abilities were related to more 
conduct problems at admission and discharge. This suggests that distinct EF 

abilities are differentially related to severe conduct problems of adolescents 
within the residential treatment programme. Interestingly, Bergvall and 
colleagues (2001) also found differential results for executive functioning in 
seriously violent adult offenders, who had impairments in shifting attention, but 
had good working memory and planning abilities. The relation between 

executive functioning and antisocial behaviours may not be as unitary as earlier 



	   Summary	  and	  General	  Discussion	  |	  

	  

 

193	  

research has suggested (Ogilvie et al., 2011). As such, it is important to recognise 
the diversity in executive functioning components (Miyake et al., 2000) when 
researching adolescent antisocial behaviours.  

Furthermore, it was hypothesised that poorer executive functioning 

facilitates poor decision-making and the persistence of antisocial behaviours. 
However, the results in Chapter 5 showed no evidence of any predictive value of 
executive functioning for changes in terms of conduct problems during 

compulsory residential treatment. Cornet and colleagues (2015) recently showed 
similar results for adult prisoners in which none of the executive function 
measures were related to any of the treatment outcome measures. Even though it 
is well established that poor executive functioning is related to antisocial 

behaviours (Morgan & Lilienfeld, 2000; Ogilvie et al., 2011), executive functions 
may play no substantial role in treatment outcome.  

It has been argued that dysfunctions of the frontal lobe (i.e., 

orbitofrontal cortex) leads to impaired decision making in antisocial individuals 
(Blair, 2004). In this regard, research has shown abnormalities particularly in the 
frontal lobes in relation to antisocial behaviour (Yang & Raine, 2009). Executive 

functioning has traditionally been linked to the frontal lobes of the brain, 
although it is now understood that it also involves interconnections between 
cortical and subcortical areas (Heyder, Suchan, & Daum, 2004). Possibly, 
executive functioning is not the main drive behind the variations in treatment 

outcomes in terms of antisocial behaviours. The interconnections and 
communication between frontal areas with other brain areas (e.g., subcortical) 
could be more important. In this regard, structural changes in the brain (i.e., 
development) may play an important role (Blakemore & Choudhury, 2006). 

Structural brain development 

The on-going development of the adolescent brain has been recognised as a time 
of vulnerability for antisocial behaviour, but more importantly also for 
opportunities for treatment (Crone, 2009; Lee et al., 2014). Deviant development 
of the brain is though to be involved in the development of psychopathology 

(Shaw et al., 2010). Such deviant brain development has been proposed as an 
intermediate phenotype (i.e., a bridge between genetic and phenotypic factors) for 
neurodevelopmental disorders (Giedd, 2008). Executive functioning and social 



|	  Chapter	  8	  

	  

194	  

cognitions during adolescence may be influenced by the structural changes in the 

brain (Blakemore & Choudhury, 2006).  

Earlier research has shown structural abnormalities in the brain are 

related to antisocial behaviours (Yang & Raine, 2009). It has been suggested that 
adolescents with Conduct Disorder (CD) may be experiencing altered or delayed 
cortical development (De Brito et al., 2009). As such, in Chapter 6 it was 
investigated whether brain development (i.e., cortical thickness and subcortical 

volume) was involved in the development of adolescent conduct problems. 
Results showed three distinct pathways of conduct problems were revealed in a 
community-based sample; stable low, desisting and intermediate conduct 
problems. When comparing these groups on cortical development, the desisting 
conduct problems group consistently showed a deviant development in the 

dorsolateral prefrontal cortex (dl-PFC), the anterior cingulate cortex (ACC) and 
the hippocampus as compared to the other two conduct problems groups. This 
suggests that deviant development of these areas was related to a desisting 
conduct problem pathway during adolescence. These deviant 

neurodevelopmental growth trajectories may cause deficits in emotion, emotion 
control and autonomic regulation and act as an underlying mechanism for 
developmental conduct problem pathways. The neurodevelopmental differences 
may possibly distinguish desisting antisocial adolescents from low conduct 

problem and more persistent conduct problem pathways.  

In addition to cortical and subcortical development, brain maturation in 

adolescence also involves refinement of connectivity through white matter tracts. 
Research on brain connectivity may further uncover neurodevelopmental 
abnormalities in relation to conduct problem development. Previous studies of 
white matter integrity (i.e., fractional anisotropy [FA]) have shown conflicting 

results in CD adolescents with some showing reduced fractional anisotropy 
(Breeden, Cardinale, Lozier, VanMeter, & Marsh, 2015; Haney-Caron, Caprihan, 
& Stevens, 2014), others increased fractional anisotropy (Passamonti et al., 2012; 
Sarkar et al., 2012; Zhang et al., 2014) and in relation to CD symptom severity.  

In Chapter 7 the relationship between white matter integrity (i.e., FA) 

and conduct problems in mid adolescence was investigated in a large community-
based sample (identical to Chapter 6). Results showed that a higher level of 

conduct problems was related to decreased white matter integrity in mid 
adolescence. Furthermore, results indicated developmental changes in FA were 
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not related to changes in terms of conduct problems from mid to late 
adolescence. The current study thus suggested that reduced white matter 
integrity is related to conduct problem severity during adolescence and may 
(partly) explain the variety of antisocial behaviours during adolescence.  

Concluding, Chapter 6 and 7 both indicate that structural brain 
correlates relate to adolescent conduct problems and can potentially act as 
neurobiological markers for severity and/or developmental trajectories of 

antisocial behaviour. In this respect, Puzzo and colleagues (2016) proposed 
several ways for neurobiological research to impact and inform treatment 
strategies for antisocial behaviours. They proposed that neurobiological markers 
could be used in conjunction with environmental risk factors to identify which 

children are more at risk of developing future antisocial behaviours. 
Furthermore, Puzzo and colleagues argued that neurobiological markers could 
be used to measure efficacy of psychological (and/or pharmacological) 
interventions. In this regard, results from Chapter 6 indicated that structural 

brain development could potentially predict the trajectory of conduct problems 
and might help distinguish those who will desist from severe conduct problems 
in late adolescence. Chapter 7 showed reduced white matter integrity could 
potentially be a neurobiological marker for severity of conduct problems. 

However, more research is needed to conclude the validity and specificity for 
structural brain correlates as a neurobiological marker for conduct problems. 
Importantly, sensitivity on an individual level will need to be investigated in 
order to confirm whether these markers can reliably classify high risk 
individuals, rather then distinguish between groups. Ultimately, these markers 

could be used as a (complimentary) measure of efficacy of psychological (and/or 
pharmacological) interventions for antisocial behaviours.  

An integrated model 

As mentioned earlier, structural changes in the brain (i.e., development) are 

thought to mediate executive functions and social cognitions in adolescence 
(Blakemore & Choudhury 2006). Hence, deviant brain development may facilitate 
antisocial behaviours through implicated executive functioning and social 
cognitions. Van Goozen and colleagues (2007) proposed a theoretical model 

involving a reciprocal relationship between neurobiological deficits and 
cognitive/emotional problems, which in turn both influence the development of 
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antisocial behaviours. Initial disruptions in neurobiological functions may 

facilitate disruptions in cognitive and emotional functioning, which in turn cause 
further disruption in neurobiological functioning. It is thought that this 
relationship unfolds over time, highlighting the importance of longitudinal 
research (van Goozen et al., 2007).  

The current dissertation has shown that social-cognitive processes are 
involved in reducing aggression and has implicated the structural development 

of the brain in the development of antisocial behaviours during adolescence. As 
such, the current dissertation supports the idea that neurobiological- and social-
cognitive processes facilitate the development and persistence of adolescent 
antisocial behaviours. However, current research separately investigated these 
underlying mechanisms. Next, it should be investigated whether development of 

the brain during adolescence linked to antisocial behaviours (i.e., cortical 
thickness and white matter connectivity) mediate the development of executive 
functions and/or social cognitions. Furthermore, it should be investigated 
whether this in turn relates to the developmental pathway of adolescent 

antisocial behaviours. Such research will shed more light on the interplay 
between both neurobiological and social-cognitive processes and how it relates to 
development and/or persistence of antisocial behaviours.  

 

Limitations	  	  

One of the pitfalls of research involving (severe) antisocial behaviours is the 

inclusion of participants and such research often involves high drop out or small 
sample sizes. It can be difficult to get adolescents to commit to participating in 
scientific research, particularly those adolescents with severe behavioural 
problems. The study described in Chapter 4 in particular was subject to high 
drop out, which was (partly) addressed by including a drop out analysis showing 

that more cognitive distortions were higher for those who dropped out of the 
study, they did not however, differ on behavioural aggression measures. 
Furthermore, Chapter 3 and 5 included adolescents from a compulsory 
residential treatment programme, which are typically characterised by severe 

antisocial behaviours. It should be considered that results may not include the 
most disrupted adolescents as they are the most likely to refuse participation or 
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to dropout. Despite or maybe even because of this challenge, it remains 
important to investigate (severe) antisocial behaviours and processes involved in 
the development and persistence of these behaviours since this ultimately 
contributes to novel treatment targets or help improve existing treatments for 

these severely antisocial adolescents.   

Historically, research on antisocial behaviours has been focused on males 
and only recently there has been an effort to include antisocial females. It has 

been shown that the prevalence of antisocial behaviours is higher for males, and 
gender differences in co-morbidity, physiological variables, and risk factors for 
the development of antisocial behaviours have been shown (Berkout, Young, & 
Gross, 2011). The current dissertation has included both males and females in 

the research on antisocial behaviours and processes involved. Unfortunately, 
some studies within the current dissertation did not allow the investigation of 
effect modification of gender due to small sample sizes (Chapter 4 and 5). 
Furthermore, due to the fact that severe antisocial behaviours are more prevalent 

in males it can be more difficult to include a substantial amount of females 
showing severe antisocial behaviours (Chapter 6). However, in all studies within 
the current dissertation we were able to include both males and females, and 
results have either been corrected for gender or males and females were analysed 

separately. Future research should aim to include larger samples of females with 
severe antisocial behaviours, as well as males.   

Most studies within the current dissertation involved self-report 

questionnaires, which may be subject to social desirability. In Chapter 4 we were 
able to exclude participants based an anomalous responses indicating social 
desirable answering and as such reducing any effect of social desirability. 
Unfortunately this was not possible for all studies throughout this dissertation. 

However, self-report questionnaires used in the current dissertations (e.g., the 
Reactive-Proactive aggression Questionnaire, Youth Self Report and the Child 
Behaviour Checklist) have been validated and widely used in antisocial samples.  

 

 	  



|	  Chapter	  8	  

	  

198	  

Clinical	  implications	  and	  future	  research	  	  

As described in the current dissertation, both social-cognitive and 
neurobiological processes play an important role in adolescent antisocial 
behaviours. In Hall’s Adolescence (1904) the universal increase in criminality 

during adolescence was already noted, as well as the fact that some will continue 
and other will desist from it as they mature.  The current results discussed 
throughout this dissertation give novel indications for future research towards 
antisocial behaviours and may provide targets for more tailored treatments.  

Even though reactive and proactive aggression are distinguishable 
concepts, on an individual level they may not be clinically useful. Results 

indicated that subtyping aggression might be better described using three 
subtypes, the original proactive subtype maintained and the original ‘reactive’ 
subtype divided into internal and external frustration. It was shown that severity 
of aggression mainly drives differences between the subtypes of aggression. 
However, the presence of proactive aggression could signify a more severe form 

of aggression within the individual adolescent. As such, clinicians may be able to 
consider the presence of proactive aggression, together with the age of the 
adolescent, as an indicator of severe antisocial behavioural problems and those in 
need of more intense treatment interventions.  

It was shown that social-cognitive processes play an important role in 
adolescent aggression. Promising interventions for antisocial behaviours in 

adolescents involve cognitive behavioural treatment e.g., aggression replacement 
therapy and EQUIP (Brugman & Bink, 2011; Goldstein, Glick, Carthan, & 
Blancero, 1994; Hatcher et al., 2008). Such cognitive behavioural treatments 
typically target cognitive (antisocial) biases, beliefs, attributions and schemata’s 

to change problem behaviours. Results showed that reactive and proactive 

aggression were both related to early and late SIP steps (e.g., encoding cues and 
response generation) and several discrepancies between the specific SIP problems 

(e.g., response evaluation) and aggression subtype. In addition, males showed 
similar SIP problems for reactive and proactive aggression while females showed 
late SIP problems related to reactive aggression and minimal SIP problems for 

proactive aggression. These SIP problems could provide more specific targets for 
treatment of aggression involving these social-cognitive processing problems to 
change antisocial behaviours. However, longitudinal research is needed to 
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investigate whether these SIP problems can be translated into effective 
treatment targets. 

Following, it was shown that cognitive biases and beliefs (i.e., cognitive 

distortions) are involved in reducing aggression. In line with Chapter 2, results 
could be explained by severity of aggression in which proactive aggression 
signifies more severe aggression. In this regard, current results imply that less 
severe aggression (i.e., reactive aggression) may benefit from targeting 

cognitions involving misattribution of blame to others. More severe aggression 
(i.e., proactive aggression) however, would benefit from targeting all four 
cognitive distortions. As such, this could provide more specific targets for 
treating aggression in adolescents with reactive and proactive aggression.   

Vaske and colleagues (2011) have argued that there is a biological basis 
(e.g., executive functioning) for effective treatment of antisocial behaviours, 

however this was not confirmed. In Chapter 5 the predictive value of executive 
functioning for behavioural changes in terms of conduct problems during 
residential treatment was investigated; one of only few studies on this topic. 
None of the executive function measures contributed to predicting conduct 

problems. This indicates that general research on antisocial behaviours and 
treatment outcome may not be applicable to adolescents in compulsory 
residential treatment and/or younger antisocial populations. Furthermore, 
results showed that 54.5% of the adolescents showed no 

improvement/worsening of conduct problems during residential treatment. This 
lack of improvement underlines the importance of research towards treatment 
improvement and confirms that there is still much room for improving 
compulsory residential treatment for adolescents (Souverein, Van der Helm, & 
Stams, 2013).  

It was shown that deviant structural brain development is related to 
adolescent conduct problems. Deviant development of cortical thickness in the 

dorsolateral prefrontal cortex (dl-PFC) and the anterior cingulate cortex (ACC), 
together with hippocampal volume may cause deficits in emotion, emotion 
control and autonomic regulation. This may in turn lead to antisocial behaviours 
during adolescence, and as such these neurobiological correlates could 

potentially act as neurobiological markers of high-risk adolescents. Furthermore, 
white matter integrity in the uncinate fasciculus (UF) could potentially act as a 
neurobiological marker for more severe conduct problems in mid adolescence. It 
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seems to contribute towards variation in adolescent conduct problems through 

decreased connectivity (i.e., white matter integrity) between frontal and limbic 
systems. Future studies should further investigate these neurobiological 
correlates in longitudinal designs with multiple assessments from early to late 
adolescents. As mentioned earlier, Vaske and colleagues (2011) have argued that 

there is a biological basis for effective treatment of antisocial behaviours and 
interventions should be made sensitive to neurobiological factors. It could be 
valuable to recognise the impact of deviant brain development on the 
development of antisocial behaviours during adolescence. Clinical outcome in 

attention-deficit/hyperactivity disorder (ADHD) with delayed, but eventually 
normalising, cortical thickness has been related to decreases in ADHD 
symptoms (Shaw et al., 2010). As such, it could be fruitful to investigate whether 
treatment response for antisocial behaviours is related to these neurobiological 
correlates. 

The current dissertation contributed to accumulating evidence that both 
cognitive and neurobiological processes are involved in adolescent antisocial 

behaviours. Future research should investigate whether targeting specific social-
cognitive processes (i.e., cognitive distortions and/or social information 
processing problems) can improve treatment outcomes for antisocial adolescents. 
Furthermore, longitudinal research regarding neurodevelopmental mechanisms 

should aim to include more severely antisocial adolescents with both adolescent 
limited and persistent antisocial behaviours. Ideally such research should include 
multiple measurements from early childhood to adulthood. Neurobiological 
processes may mediate the relationship between social-cognitive processes and 

antisocial behaviours. In this regard, it may be important to additionally consider 
environmental factors such as genetics and early childhood adversity (van 
Goozen et al., 2007). Future research should focus on the (longitudinal) 
relationships between social-cognitive and neurobiological processes and how 
this relates to the development of antisocial behaviours during adolescence. A 

better understanding of the interplay between social-cognitive, neurobiological 
processes, as well as environmental factors during adolescence can lead to more 
integrated models and more effective and tailored treatments.   
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