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Introduction 

Aggressive behavior is of all times, cultures and species, and sometimes aggression is even 
necessary to survive. Nowadays, aggression is rarely a good thing in daily life, however 
it is o¦ten celebrated in sports such as ice hockey, and ice hockey matches without any 
aggressive behavior are extremely rare. Nevertheless, aggression is generally seen as 
destructive and negative behavior that should be prevented. 

Aggressive behavior o¦ten causes emotional and physical harm to potential victims. Because 
aggression has serious consequences for individuals as well as society, researchers and 
policy makers extensively study aggressive behavior (e.g., Buss & Duntley, 2006; Buss 
& Shackelford, 1997; Goldstein, Glick, & Gibbs, 1998). For example, social scientists who 
studied aggression over the years, contributed to theories about aggression, including 
underlying biological, psychological and social mechanisms, as well as treatment programs 
for prevention and reducing of problematic aggressive behavior (Butchart & Mikton, 2014). 
This contributed to the knowledge on assessment, prevention and treatment of aggressive 
behavior, which is of utmost importance in forensic psychiatry. 

Over the past decades, this resulted in the development of risk assessment tools, as well 
as individual and group interventions. In this thesis, the knowledge on the underlying 
mechanisms of aggressive behavior is expanded, and a Virtual Reality Aggression 
Prevention Training (VRAPT) for aggressive forensic psychiatric inpatients is developed. 
Furthermore, we conducted a multicenter randomized controlled trial (RCT) to test the 
e¤ectiveness of VRAPT.

Forensic psychiatry in the Netherlands
In the Netherlands, individuals who have committed a severe violent crime (i.e., at least 
four years imprisonment), who are a high risk for society due to their behavior, and su¤er 
from a mental disorder, are o¦ten only partially responsible for the crimes they have 
committed (van Marle, 2002). In the most severe cases, a¦ter they are arrested and stay in a 
house of custody, they are sent to an observation clinic (i.e., Pieter Baan Centrum) for seven 
weeks. In other, less severe criminal cases, they are visited by an independent psychiatrist 
and psychologist from the Dutch Institute for Forensic Psychiatry and Psychology (NIFP) in 
prison. In case these behavioral experts ascertain a mental disorder, this mental disorder 
must be one of the factors that directly or indirectly gave rise to the o¤ense. In other 
words, there needs to be an association between the mental disorder and the o¤ense 
committed. Furthermore, the behavioral experts inform the court also about the level of 
responsibility of the o¤ender. In Dutch criminal law, there are five levels of responsibility, 
ranging from fully responsible (1) to not responsible (5). 
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In contrary to the legal systems in the most other countries, the Dutch legal system distinguishes 
several gradations of diminished responsibility, o¤enders are sentenced to prison only for the 
part of which they were held culpable. In cases of at least diminished responsibility, in addition 
to their prison sentence, the judge can send an individual to mandatory treatment on behalf of 
the state. This system is called the Dutch Entrustment Act, or ‘terbeschikkingstelling’ (TBS; van 
Marle, 2002). With a few exceptions, such as serious medical need for treatment, TBS is always 
enforced a¦ter at least one-third of the prison sentence. O¤enders who are sentenced to TBS 
are admitted to an inpatient forensic psychiatric facility, and are called forensic psychiatric 
inpatients, rather than o¤enders. The major aim of TBS is to protect society and to provide 
mandatory treatment to reduce criminal recidivism and treat the mental disorder properly 
(Nagtegaal, Goethals, & Meynen, 2016; van Marle, 2002). TBS has no set end date, and can be 
prolonged every one or two years in case behavioral experts indicate the necessity. 

Aggressive behavior
As described in the previous paragraph, forensic psychiatric inpatients who are referred 
to the TBS system committed at least one severe o¤ense. Yet, most inpatients have a long 
history of repeated aggressive behavior and (violent) crimes. In this thesis, aggression is 
defined as: behavior that is intentionally carried out with the proximate goal of causing 
harm to another person who is motivated to avoid that harm (DeWall, Anderson, & 
Bushman, 2011). This definition includes three important characteristics (Allen & Anderson, 
2017). First, the definition implies actual aggressive behavior so thinking about hitting 
someone, or feeling angry is not seen aggression. Second, the aggressive behavior must 
be intended to inflict harm to another individual. For example, surgery can cause harm 
or pain, but is not aggressive behavior, because the primary goal is to heal, not hurt. 
Furthermore, accidentally bumping into another person is not aggressive behavior, as it 
lacks intentionality, even if harm occurs. Third, another individual must not consent to 
receive potential harm. For instance, in cases of two individuals involved in BDSM (i.e., 
bondage, dominance, sadism, masochism), and both individuals derive (sexual) excitement 
from being harmed, this is not considered aggression (Allen & Anderson, 2017). 

There are many forms of aggression but the most common described forms are verbal, 
physical and relational. Verbal aggression is, for example, name calling, yelling and shouting. 
Physical aggression involves a physical act directed to another person or property (i.e., 
hitting, kicking, biting). Lastly, relational aggression is intended to harm another individuals’ 
social relationships, for instance by gossiping, spreading embarrassing photos or telling 
lies. Besides forms of aggression, aggression is o¦ten described alongside its function. The 
most frequently used distinction is between reactive and proactive aggression (Dodge 
& Coie, 1987; Poulin & Boivin, 2000; Raine et al., 2006). Reactive aggression is known as 
a¤ective, angry, hot tempered and impulsive aggression, whereas proactive aggression 
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is more characterized as planned, thoughtful or instrumental, with the intention to gain 
certain benefits. Furthermore, reactive aggression is a reaction to a perceived or actual 
threat or provocation, motivated by the desire to harm someone. On the contrary, proactive 
aggression is premeditated and unemotional, and harm is only inflicted with instrumental 
motivations (Poulin & Boivin, 2000; Raine et al., 2006).

Nevertheless, the distinction between reactive and proactive aggression has been subject 
to debate in aggression literature, as it is o¦ten impossible to categorize aggression as 
being either reactive or proactive. Both types of aggression are o¦ten mixed and highly 
correlated. Furthermore, although this distinction describes types of aggression, it does 
not reveal the underlying mechanisms of aggression. However, several years ago, a new 
overarching theoretical framework was introduced, namely the ‘General Aggression Model’ 
(GAM; Anderson & Bushman, 2002; DeWall et al., 2011). The GAM includes all components 
involved in eliciting aggressive behavior, and explains how aggression unfolds within a 
cycle of an ongoing social interaction. The GAM consists of three main components: i. 
person and situation factors (i.e., personality traits, attitudes, beliefs), ii. present internal 
states (i.e., cognition, arousal, a¤ect), and iii. outcomes of appraisal and decision-making 
processes (Anderson & Bushman, 2002; DeWall et al., 2011). 

Within this overarching GAM theoretical framework, the Social Information Processing 
(SIP) model is embedded (Crick & Dodge, 1994). The SIP model is o¦ten used to explain 
aggressive behavior problems and this model assumes that social behavior is preceded by 
six steps that occur in a certain order in which each step leads to the next step: encoding, 
interpretation, goal clarification, response generation, response decision and behavioral 
enactment (Crick & Dodge, 1994). Briefly described, encoding is processing information of a 
social situation. The next step, attribution, involves the interpretation of social situational 
cues. Within the following steps goals are set, and the individual searches for possible 
responses, evaluates the possible responses and finally, the response for behavioral 
enactment is given. Sometimes, there are biases or disruptions within the processing 
of social information and this can potentially lead to an increased risk of aggressive 
behavior. For example, when ambiguous social interactions are interpreted as intentionally 
aggressive, there is a Hostile Attribution Bias (HAB; see de Castro, Veerman, Koops, Bosch, 
& Monshouwer, 2002). This HAB can lead to aggressive behavior, because the individual 
interprets the social interaction as potentially harmful. 

Aggression treatment
Due to the potential negative consequences of aggressive behavior on mental and 
physical wellbeing, large scale initiatives have been raised to develop and test adequate 
interventions and therapies to reduce, and even prevent, aggressive behavior. The Risk-
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Need-Responsivity (RNR) model is perhaps the most influential model for the assessment 
and treatment of o¤enders (Blanchette & Brown, 2006; Ward, Melser, & Yates, 2007). 
The first RNR model was described in 1990 (Andrews, Bonta, & Hoge, 1990), but several 
principles have been added to improve the model and to make it useful for design and 
implementation of e¤ective interventions (Bonta & Andrews, 2007). The RNR is constructed 
around three core principles: risk, need and responsivity. Briefly described: 1) risk principle, 
the intensity of the treatment should be matched to the risk of re-o¤ending. 2) need 
principle, the individual factors and criminogenic needs should be assed and targeted in 
treatment. 3) responsivity principle, the treatment should be matched to the o¤ender’s 
ability to learn from it and tailoring the intervention to characteristics, such as: level of 
motivation, learning style, and personal circumstances. 

The most preferred interventions for the treatment of anger and aggression, are 
interventions based on the principles of cognitive behavioral therapy (CBT) (Henwood, 
Chou, & Browne, 2015; Lipsey, 2009; Lipsey, Chapman, & Landenberger, 2001). CBT is based 
on the idea that maladaptive thoughts and cognitions are related to the development and 
maintenance of dysfunctional behavior. Within CBT, both cognitive as well as behavioral 
aspects are combined. The cognitive part focuses on the influence of thoughts on emotions 
and behavior. The behavioral part focuses on the adaptive and maladaptive behavioral 
patterns. Furthermore, CBT o¤ers additional techniques, such as exposure, and role-plays. 
There is a large variety of CBT interventions to treat aggressive behavior, and CBT can be 
o¤ered individually or in groups. 

One of the CBT programs specifically developed for aggressive o¤enders is Aggression 
Replacement Training (ART; Goldstein, Glick, Reiner, Zimmerman, & Coultry, 1987; 
Goldstein et al., 1998). ART aims to replace antisocial behavior by learning aggressive 
individuals’ desirable behaviors as alternative. The ART program is based on and 
combines strategies and techniques of cognitive therapy (i.e., cognitive theories), and 
behavioral therapy (i.e., learning theory). Originally, the ART is a 10-week, 30-hour 
intervention administered in groups between 8 and 12 individuals (Goldstein et al., 
1987). The three main components of the ART are: behavioral component (skill streaming 
and teaching pro-social behavior), a¤ective component (anger management), and a 
cognitive component (moral reasoning). 

A recently conducted systematic review on the e¤ectiveness of ART on antisocial behavior 
in young people and adults, indicated positive e¤ects of ART, both on recidivism and on 
the secondary outcomes (i.e., anger control, social skills and moral reasoning; Brännström, 
Kaunitz, Andershed, South, & Smedslund, 2016). However, the ability to draw an overall 
conclusion from this systematic review was hampered, and there was a large variety with 
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regard to methodologies. More specifically, the methodological quality of the included 
studies was poor and follow-up was most o¦ten limited (Brännström et al., 2016). In 2013, a 
systematic review on the impact of psychological therapies on violent behavior in clinical 
and forensic settings was published (Ross, Quayle, Newman, & Tansey, 2013). Although 
the quality of most included studies varied broadly, similar to the systematic review of 
Brännström et al. (2016) most of the 10 included studies were only of average quality 
(e.g., lack of follow-up, small sample sizes). Nevertheless, there were indications that 
psychotherapeutic interventions contribute to reducing aggressive and violent behavior 
in forensic and psychiatric patients.

However, most aggression treatment programs in forensic psychiatry are based on cognitive 
constructs, and a certain level of cognitive functioning is necessary. Most treatments are 
centered around questions like: “What did you think when … happened?”, “How do you 
think the victim felt?”. These are questions that cannot always be answered easily, because 
we know from research, that many forensic psychiatric patients have a low functioning 
cognitive ability (Fishbein et al., 2006; van Goozen & Fairchild, 2008). Besides the below 
average intelligence, they also su¤er from poor literacy skills combined with multiple 
mental health disorders and low treatment motivation. Furthermore, most treatments in 
forensic psychiatry take a long time, and this increases the risk of drop-out and/or no-
show (Hornsveld, Nijman, Hollin, & Kraaimaat, 2008). All these factors make the treatment 
of forensic psychiatric inpatients challenging (Kip, Bouman, Kelders, & Gemert-Pijnen, 
2018). 

Virtual Reality in mental health 
O¦ten the term ‘Virtual Reality’ (VR) is used for di¤erent types of ‘Immersive Experiences’. 
This includes: 360° video, augmented and mixed reality, as well as simulated virtual reality. 
Although all these terms refer to immersive experiences, the technologies and possibilities 
are quite di¤erent. Within this thesis the term VR is used for simulated VR. When people 
put on the VR glasses they are transported to an alternate world, that is designed by 
programmers. Through the use of a closed head-mounted display (HMD) an individual 
views computer generated graphics. Since an individual also wears headphones, s/he 
is completely closed o¤ from the real-world. This type of VR can be non-interactive or 
interactive, when it is a non-interactive VR application, the individual is observant in the 
virtual world and s/he cannot interact. Interactive VR provides the individual with the 
ability to interact with their alternate world. For example, an individual can move forwards 
or backwards, hold and object, throw something, or interact with a virtual character 
(avatar). All these factors of interaction, increase the immersiveness of the VR experience. 
Immersive is the sense of being present in a virtual environment. 
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Currently, VR is increasingly used in mental healthcare. Research on VR applications in 
mental healthcare started with specific phobias (e.g., spiders, fear of heights and fear of 
flying) (North, North, Coble, Pyle, & Wilson, 1996; North & North, 1994). Since immersive 
VR started to become more easily available, several VR applications for more complex 
psychiatric disorders have been developed. A recent systematic review on immersive 
VR tools in general psychiatry was based on 285 single studies. Most studies were on 
interventions (N = 154), followed by assessment (N = 86) and theory development (N = 45) 
(Freeman et al., 2017). However, most of the studies were of poor quality because of small 
sample sizes and lack of evidence on the generalization of VR to daily life. Furthermore, 
studies on more complex and comorbid mental health disorders were scarce. Moreover, 
it is suggested by the authors of this review that VR may have specific benefits for 
patients residing at forensic units, because the contact of forensic psychiatric inpatients 
with the outside world is highly restricted. Nevertheless, specific VR tools for forensic 
psychiatric inpatients remain untested (Freeman et al., 2017). Recently, Virtual Reality (VR) is 
increasing in popularity and more o¦ten proposed as a promising tool in forensic psychiatry 
(Benbouriche, Nolet, Trottier, & Renaud, 2014). 

Virtual Reality in forensic psychiatry 
The main characteristics that make VR an interesting tool is that VR focuses on two aspects 
of the RNR model, namely the need principle, and the responsivity principle. Furthermore, 
VR is immersive and o¤ers the opportunity to interact with the VR environment. Immersive 
means that participants are involved in the virtual surrounding and feel present. In other 
words, they are not any longer aware of their actual physical environment, for example, 
the o¹ce within the clinic. The interaction provides users the ability to interact with the VR 
environment, for example, having a conversation with an avatar. So, VR enables therapists 
and patients to practice new behaviors in a simulated and safe environment. The VR used 
in the current thesis will be explained further later on in this introduction. 

In general, VR has several advantages when used as a treatment tool: i. The VR environment 
is controllable, and can be adapted and tailored to the specific needs of the user; ii. Within 
VR, the same situation can be repeated as many times as you want; iii. VR o¤ers the ability 
to practice new and challenging behavior in every location; iv. VR o¤ers the opportunity to 
measure real-time physiological arousal, for example, to measure heart rate (variability), 
skin conductance, muscle tension and/or eye tracking; v. Lastly, VR o¤ers an attractive 
novel method, which is beneficial for treatment motivation. All these factors are of specific 
interest for working in the complex, closed forensic environment. Moreover, while over 
the last years a lot of progress is made in the improvement of interventions reducing 
anger and aggressive behavior, most treatment interventions still have a “one-size-fits-
all approach”, and consist of group trainings, not always taking individual di¤erences 
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into account (Whitaker et al., 2006). Although the importance of tailoring interventions 
to the specific needs of the individual is highlighted in previous research and the earlier 
mentioned RNR model (e.g., Birgden, 2004; Bonta & Andrews, 2007; Polaschek, 2011). All 
these possible benefits of VR in forensic psychiatry, resulted in the development of Virtual 
Reality Aggression Prevention Training (VRAPT). 

Virtual Reality Aggression Prevention Training (VRAPT)
VRAPT was designed to create a highly interactive computer-based simulation that 
provides a virtual environment for forensic psychiatric inpatients to practice adequate 
coping with provocative and challenging social scenarios, interactions and behavior in a 
safe environment. VRAPT is theoretically embedded in the Social Information Processing 
(SIP) model (Crick & Dodge, 1994). As described previously, the SIP model includes six steps 
in a cyclical order, namely: encoding, interpretation, goal clarification, response generation, 
response decision and behavioral enactment (Crick & Dodge, 1994). The di¤erent VR 
components of VRAPT follow the six steps of the SIP model. However, since we wanted 
participants to understand the theory behind VRAPT, we simplified the original SIP model 
into six questions (see Figure 1). First encoding: what is going on? Second interpretation: 
what does this mean? Third selecting a goal: what is the goal I’m trying to achieve in this 
situation? Fourth generating responses: how can I react to this? Fi¦th evaluating responses: 
what am I going to do? And sixth enacting responses: reaction/behavior. These six steps 
do not only follow each other but can also influence each other. The center of the circle, 
including emotions, previous experiences, and physiological stress, all influence the 
di¤erent steps of the SIP model separately.

The highly interactive three-dimensional virtual environment of VRAPT was to create 
awareness, and help participants to understand and experience how their aggression 
evolves. Furthermore, VRAPT o¤ers participants the opportunity to practice new behavior 
with avatars and learning to cope with their own aggressive behavior in an adequate 
manner. The VRAPT consists of 16 biweekly individual treatment sessions, gradually 
becoming more challenging. First, the di¤erent steps of the SIP model are practiced 
separately. To provide an example, the VRAPT starts with the first question of the 
simplified SIP model: What is going on? Within the VRAPT, participants have to walk 
around in a virtual shopping street (see Figure 2) and approach avatars standing on 
the side. When they are close enough, the avatar shows a randomly selected emotion. 
The included emotions are the six basic emotions: anger, sadness, disgust, happy, fear 
and sadness. A¦ter this assessment, participants receive immediate feedback on their 
given answer. In case they select the wrong answer, a new chance will be o¤ered. In a 
following session, participants are asked to distinguish di¤erent emotions of avatars. 
Ten di¤erent sets of three avatars are presented, and participants are asked which one 
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of the characters is for example ‘most happy’. A¦ter selecting the ‘most happy’ facial 
expression successfully for ten consecutive times, participants continue with a new set 
of another emotion, for example: ‘most angry’.

What is the goal I’m 
trying to achieve?

Emotions
Experiences

Physiological stress
Reaction / Behavior

How can I react to 
this?

What am I going 
to do?

What is going on?What does this 
mean?

Figure 1. Adapted Social Information Processing model

The sessions continue with the next step, what does this mean? The VR assessment is 
that participants have to rate the level of aggression of avatar’s verbal and non-verbal 
behaviors. This is because people with aggression regulation problems o¦ten have di¹culty 
in estimating the intentions of other people, the so called: ‘hostile attribution bias’. The 
second and largest part of the intervention included the four last steps of the SIP model: 
What is the goal I’m trying to achieve? How can I react to this? What am I going to do? 
and the final step: behavior. These steps were not practiced separately, but combined 
within highly interactive virtual role-plays. Additionally, heart rate (HR) and galvanic skin 
response (GSR) are measured simultaneously. This provides therapists the opportunity 
to give detailed feedback on participants’ physical arousal during the sessions. The 
virtual role-plays were designed during an iterative process with so¦tware engineers, VR 
experts, clinicians, and researchers. Furthermore, these role-plays were centered around 
di¤erent themes, for example, authority, rejection, or being falsely accused of stealing. 
The primary focus of these interactive social scenarios is to teach participants to cope 
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with their aggressive behavior in a more adequate manner. In this thesis, the e¤ectiveness 
of VRAPT was evaluated in a large multicenter sample of four FPCs in the Netherlands. 
More information on the aggressive behavior of this sample, and the results of this newly 
developed VRAPT will be presented in next chapters.

Figure 2. Three examples of virtual environments, in chronological order: supermarket, bar, shopping 
street (source: CleVR B.V.)

Outline of this thesis
The main goal of the research described in this thesis is to contribute to a better 
understanding of the underlying mechanisms of aggression. Furthermore, we aim to extant 
the current knowledge on prevalence, treatment and prevention of aggression. Therefore, 
we developed a novel Virtual Reality Aggression Prevention Training (VRAPT) to reduce 
aggressive behavior of forensic psychiatric inpatients. Moreover, we hope that VRAPT will 
add to the existing evidence-based therapies in forensic psychiatry. 
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Chapter 2 provides a systematic review on the association of Hostile Attribution Bias (HAB) 
and aggression in adults. Clinical implications for treatment of aggression are discussed. 
In Chapter 3, the research protocol for the Virtual Reality aggression prevention training 
(VRAPT) for forensic psychiatric inpatients with aggressive behavior problems is presented. 
Chapter 4 reports the results of the baseline data on the relation between the di¤erent 
steps of the Social Information Processing (SIP) model and self-reported aggressive 
behavior, and other behaviors related to aggression (e.g., impulsivity and childhood trauma) 
in forensic psychiatric inpatients. Chapter 5 presents the prevalence and characteristics of 
aggressive behavior in forensic psychiatric inpatients by sta¤ monitoring and self-report 
measurements. Chapter 6 describes the results of a multicenter randomized controlled 
trial with 128 forensic psychiatric inpatients that was conducted in four FPCs in the 
Netherlands. The final, Chapter 7 provides the general discussion of the main findings of 
this thesis. In addition, the limitations of the current research will be discussed, as well 
as recommendations and suggestions for future research. 
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