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CHAPTER 1

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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Abstract

Human aggression is highly prevalent and has a large impact on the lives of victims and 
society in general. Causes and mechanisms of aggression are manifold. One prominent 
component of aggression is the tendency to interpret ambiguous behavior of others as 
hostile, so called Hostile Attribution Bias (HAB). This systematic review investigated the 
association between HAB and aggression in adults. PsychInfo, Embase, PubMed and Web 
of Science databases were searched and 25 studies were included. These studies reported 
small to medium associations between HAB and aggression in adults. The association was 
present across di¤erent population samples, varying from students to forensic psychiatric 
patients. As most studies were cross-sectional and HAB measurements varied in quality, 
conclusions and implications for interventions are preliminary. This review provides 
an overview of existing research on HAB and aggression in adults, and highlights the 
importance of longitudinal studies and adequate HAB measurements for future research.
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1. Introduction 

Human aggression is any verbal or physical behavior directed toward another person with 
the intention to cause harm (Anderson & Bushman, 2002). Every year 1.4 million people 
worldwide lose their life due to violence incidents (“World Health Organization. 10 facts 
about violence prevention.,” October 26, 2017). In 2016, about 2% of the general population 
in the Netherlands was victimized by one or more violent o¤enses (Kalidien, 2017). In 
the USA in 2016, 386.3 violent crimes were committed per 100.000 inhabitants (FBI, 2016). 
Aggression causes not only physical injuries, but also mental and material damage. The 
societal and economic damage of criminal behavior in 2015 was estimated to about 20.4 
billion euros in the Netherlands (Kalidien, 2017). Concluding: human aggression can lead 
to serious social, emotional and economic consequences (Chen, Coccaro, & Jacobson, 2012; 
Coccaro, Fanning, & Lee, 2017). 

Causes and mechanisms of aggression are complex and multidimensional, and have 
been investigated in many studies. According to Coie and Dodge (1998), individuals 
who have encountered negative experiences in childhood and adolescence are more 
likely to experience an ambiguous action of others as hostile, threatening and directed 
against themselves, influenced by a persistent pattern of hypervigilance to threat and 
hostile attribution of intent (Dodge et al., 2015). The perception of a person’s behavior as 
intentionally harmful can make these individuals more susceptible to react more reactive 
aggressively. This mechanism is called ‘Hostile Attribution Bias’ (HAB). HAB is a tendency to 
interpret the behavior of other people as having hostile intentions especially when social 
context cues are ambiguous or unpredictable and di¹cult to interpret (Milich & Dodge, 
1984). According to social information processing theories, HAB can emerge when negative 
cognitive schemas and experiences representing others and events become activated 
because of present negative events triggering conscious or unconscious associations with 
previous events (Guerra & Huesmann, 2004). Here we review systematically the literature 
on the association between HAB and aggression. 

Social, cognitive, behavioral and emotional processes involved in the development of 
aggression have been integrated in the Social Information Processing (SIP) model (Crick & 
Dodge, 1994; Dodge, 2006). The SIP-model states that someone’s reaction to a (perceived) 
provocation or threat does not solely depend on objective social cues, but is strongly 
influenced by the way the social information is processed (Setchell, Fritz, & Glasgow, 
2017). Processing social information occurs systematically, starting with (i) encoding 
cues; followed in a cyclical manner with: (ii) interpreting those cues; (iii) clarifying a 
goal; (iv) response generation; (v) response selection and e¤ect evaluation; and finally 
(vi) behavior (Crick & Dodge, 1994). The first two steps are referred to as early social 
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information processing and are proposed to cause reactive aggressive behavior because 
of a misinterpretation of an unclear and ambiguous situation, that evokes thoughts and 
feelings of threat. HAB is a key component of this stage. The next four steps are referred to 
as late information processing. Furthermore, all steps in this cyclical process are strongly 
influenced by a ‘database’ containing memories, social knowledge, and cognitive schemas 
of others, situation and themselves (see Crick & Dodge (1994) and Lemerise & Arsenio 
(2000) for a review of the SIP model).

Research on the role of social-cognition in violent o¤ending is still scarce (Hutchings, 
Gannon, & Gilchrist, 2010). This is notably problematic, as a better understanding of 
social, cognitive and emotional processes involved in the origin of aggression is needed 
to improve assessment and interventions (Coccaro, Fanning, Keedy, & Lee, 2016). Most 
research on the association between HAB and aggression has been done in the field 
of developmental psychology and mainly concerns children and adolescents (e.g., de 
Castro, 2004; de Castro, Veerman, Koops, Bosch, & Monshouwer, 2002). In a meta-analysis 
of studies on the association between aggression and HAB in children and adolescents, a 
significant association was found with a weighted mean e¤ect size of r = .17 (de Castro et 
al., 2002). Biased attribution of high levels of hostility acts as a key element in the etiology 
and maintenance of aggressive behavior, and is also linked to a general perspective in 
which hostility plays a central role in social interactions (Guerra & Huesmann, 2004). Since 
several studies have found an association between HAB and aggression in children and 
adolescents, a positive association between HAB and aggression in adults is expected. 
However, the extent to which this conclusion is supported by evidence is not clear. Thus 
far, social-cognitive factors such as HAB have been largely overlooked in adult samples, but 
nowadays this line of research has been extended to adults (Helfritz-Sinville & Stanford, 
2014). Notwithstanding the early studies in children showing an association between HAB 
and impulsive aggression (Crick & Dodge, 1996; Dodge & Coie, 1987), studies using young 
adult populations did not report similar results consistently (Helfritz-Sinville & Stanford, 
2014; Miller & Lynam, 2006). Therefore, this study aimed to present a systematic review of 
the existing literature on the association between HAB and aggression in adults. Our first 
hypothesis is that HAB is associated with aggression in adults. The second hypothesis is 
that the association between HAB and aggression is stronger in groups displaying higher 
levels of aggression (such as violent o¤enders and forensic patients), than in community 
samples or student groups. To the best of our knowledge, this is the first review on this 
topic in adult samples. 
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2. Methods

2.1. Concepts and definitions 
In research on the association between HAB and aggression in adult populations, a 
number of issues should be clarified. First, terms as anger, hostility and aggression are 
used interchangeably (Warburton & Anderson, 2015). Yet, aggression refers only to behavior 
and not to an emotion (i.e., anger) or a cognition (i.e., hostility). Thus, within a social 
context, hostility is the cognitive component of aggressive behavior, whereas anger is 
an emotional component (Epps & Kendall, 1995). Furthermore, anger and hostility can 
activate aggressive behavior, however they do not necessarily have to be aggressively 
expressed (Warburton & Anderson, 2015). Second, in this research area, HAB is most o¦ten 
assessed by presenting ambiguous stimuli that can be interpreted as benign or malign/
hostile. Frequently, participants are presented written vignettes about a hypothetical social 
situation. The provocateur’s intent remains ambiguous at the end of the story, and the 
participant is asked whether s/he thinks this incident happened by accident or with an 
intent to cause harm. 

However, the assessment of HAB in adults is o¦ten not adequately executed because 
several studies only used words (e.g., emotional stroop task; Brugman et al., 2014) or facial 
expressions (e.g., Jusyte & Schönenberg, 2017) as stimuli to measure HAB. Furthermore, 
HAB occurs when hostile intent is assumed in the absence objective confirming evidence. 
This means in situations in which the provocateur’s intent is ambiguous (Helfritz-Sinville 
& Stanford, 2014). Thus, HAB depends upon the social context and ambiguity of situations; 
therefore, isolated stimuli of words or facial expressions are less suitable to assess HAB. 
Therefore, the current systematic review only includes studies (a) with adult participants, 
(b) including an aggression measurement, (c) including a hostile attribution measurement 
expressing a social situation and, at least partly, including ambiguous intent.

2.2. Selection procedure and search strategy 
An independent systematic literature review was conducted by the first author and a 
research assistant in May 2017, following the guidelines from the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) statement (Moher, Liberati, Tetzla¤, 
& Altman, 2009) and registered in Prospero (registration number is: CRD42017077710). Four 
databases were searched, namely PsycInfo, Embase, PubMed and Web of Science. Studies 
were included if they were written in English, contained original empirical data, published 
in peer-review journal, and related to the association aggressive behavior and HAB. There 
were no restrictions on publication date, as to the best of our knowledge, this is the first 
systematic review to describe this association in adults. 
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Search terms included (a) aggressive behavior or synonyms for aggressive behavior (such 
as ‘aggression’ or ‘aggressiveness’), (b) hostile attribution bias, or information processing 
and synonyms for this (such as ‘social cognition’ or ‘social perception’), and (c) ambiguous 
intention and relevant related terms. Only studies involving clinical and non-clinical adult 
samples were selected to investigate the research question. First, all titles and abstracts with 
the relevant search terms were retained. Second, double hits were deleted manually by the 
first author and the research assistant independently and the files were compared. Third, all 
1911 articles were screened on title and abstract, using the inclusion criteria. Fourth, articles 
for which they disagreed were discussed by the first author and research assistant. Full 
texts of the remaining 44 articles were read by the first and the last author. Finally, doubts, 
for example about the HAB-measurement used, were discussed by two authors, resulting in 
the inclusion of 25 empirical studies regarding the association between HAB and aggressive 
behavior in adults. A complete list of search terms is provided in Appendix B.

2.3. Quality assessment of included studies
As the current systematic review includes only cross-sectional studies, the assessment tool of 
Zaza et al. (2000) was used to assess the quality of the studies. This tool focuses on six domains 
that may influence the quality of each study, namely: descriptions of study population, sampling, 
measurement, data analysis, interpretation of results and other important limitations (i.e., not 
covered in any of the five previously mentioned domains). We rated studies with 2, 1 or 0, based 
on the domains. ‘Descriptions’ was the study population well described (A) 2 = descriptions 
for age, gender, ethnicity, 1 = two of those, 0 = (n)one of those; and study procedures (B) 2 = 
exact procedure descriptions, 1 = roughly described procedure, 0 = no procedure descriptions. 
‘Sampling’ refers to the specification of the size and characteristics of the study sample (e.g., 
response rate if mentioned) (A) and whether the sample is representative for adults in general 
(B). 2 = yes on A and B, 1 = yes on A, but some generalization problems with B, 0 = the sample 
is not representative due to high selection bias. ‘Measurement’ concerns whether outcome 
and other independent variables were reliable measures of the outcome. Evidences based 
measures of aggression (A) 2 = a reliable aggression measurement was used, 1 = aggression is 
measured, but not with a reliable instrument, 0 = no aggression measurement was included; and 
HAB measurement (B) 2 = good explanation of HAB measurement used, 1 = HAB measurement 
is roughly described, 0 = no information on HAB measurement is available. ‘Data-analysis’ is 
about the conducting of appropriate analyses on the relationship between aggression and HAB. 
2 = statistical analyses was good, 1 = statistical analyses was moderate (e.g., some statistical 
tests were used), 0 = no statistical analyses were applied. ‘Interpretation of results’ concerns 
the methods used to limit potential bias and control for confounding variables and statistical 
evaluation. 2= (potential) confounders and biases are mentioned in the analyses and p-value 
is reported, 1 = only p-value is reported, 0 = no report on (potential) confounders and biases 
nor p-value. ‘Other limitations’ not applicable.
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3. Results

3.1. Study selection
Most studies in the initial search did not meet the predetermined criteria and had to be 
excluded based on title and abstract. Very o¦ten, aggression was not measured or the 
study did not assess the association between HAB and aggressive behavior in adults. As 
can be concluded from the PRISMA flow diagram (See Figure 1; Appendix A), the selected 
25 studies varied greatly with respect to main objectives, study sample (e.g., students, 
forensic psychiatric patients and people with traumatic brain injury), sample size, type 
of aggression, and HAB measure. Because of these large methodological variations, a 
narrative description of these 25 studies is provided. 

3.2. Quality assessment 
Table 1 presents an overview of the results of the quality assessment for each study. Only 
one study was of low quality, whereas the other were of moderate or high quality. Su¹cient 
quality on all domains was found in 15 studies. It is important to mention that the quality 
assessment was restricted specifically to the information needed in the systematic review. 
In general, associations between HAB and aggression were studied as a part of larger 
studies on aggressive behavior. This means that the current quality assessment was rated 
only on the relevant parts of the studies included in our systematic review, so available 
data on aggression and HAB. 

3.3. Sample characteristics
Table 2 displays the descriptive data of the 25 studies. Overall, these studies together 
included a total of 9081 individuals (4352 males), mostly from the general population (n = 
6383), followed by students (n = 1398), o¤enders (n = 468), forensic patients (n = 351) and 
other patients (n = 481). The last group consisted of patients with traumatic brain injury 
(TBI), people with mild to moderate intellectual disabilities, patients with intermittent 
explosive disorder (IED) and other psychiatric disorders. 
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Table 1. Quality assessment based on Zaza et al. (2000)

Study 
(Author, year, country)

Descriptions 

  A: Study
population

B: Study 
procedure 

Good quality

Chen, Coccaro, & Jacobson, 2012, USA 2 2

Coccaro, Fanning, & Lee, 2017, USA 2 1

Coccaro, Fanning, Fisher, Couture, & Lee, 2017, USA 2 1

Coccaro, Fanning, Keedy, & Lee, 2016, USA 2 1

Lobbestael, Cima, & Arntz, 2013, the Netherlands 1 2

Matthews & Norris, 2002, USA 2 2

Bailey & Ostrov, 2008, USA 2 1

Coccaro, Noblett, & McCloskey, 2009, USA 2 2

Epps & Kendall, 1995, USA 1 2

Helfritz-Sinville & Stanford, 2014, USA 1 2

Hutchings, Gannon, & Gilchrist, 2010, UK 1 2

Murray-Close, Ostrov, Nelson, Crick, & Coccaro, 2010, USA 2 2

Neumann, Malec, & Hammond, 2015, USA 2 2

Flores, 1999, USA 2 1

Michel, Pace, Edun, Sawhney, & Thomas, 2014, USA 2 2

Moderate quality

Hornsveld, Nijman, Hollin, & Kraaimaat, 2007, the Netherlands 1 1

Lim, Day, & Casey, 2011, Australia 1 2

Bowen, Roberts, & Kocian, 2016, USA 2 1

Dill, Anderson, Anderson & Deuser, 1997, USA 0 2

Edwards & Bond, 2012, UK 1 2

Jahoda, Pert, & Trower, 2006, Schotland 1 2

Pert, Jahoda, & Squire, 1999, Schotland 1 2

Tremblay & Belchevski, 2004, Canada 1 1

Wilkowski & Robinson, 2010, USA 1 2

Low quality

Gagnon, McDu¤, Daelman, & Fournier, 2015, Canada 0 1

Note. We rated studies with 0, 1, or 2 based on the five domains: descriptions, sampling, 
measurement, data analysis and interpretation of results. 
Scores refer to: low quality (0), moderate quality (1), and high quality (2). 
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Sampling Measurement Data 
analysis 

Interpretation 
of results 

Total score 
(max. 14)

  A: Aggres-
sion 

B: HAB     Quality: 0-6 = low, 7-10 = 
moderate, 11-14 = high

2 2 2 2 2 14

2 2 2 2 2 13

2 2 2 2 2 13

2 2 2 2 2 13

2 2 2 2 2 13

2 2 2 2 1 13

1 2 2 2 2 12

1 2 2 2 1 12

1 2 2 2 2 12

1 2 2 2 2 12

1 2 2 2 2 12

1 2 2 2 1 12

1 2 2 2 1 12

1 2 2 2 1 11

1 2 1 2 1 11

1 2 2 2 1 10

1 1 2 2 1 10

1 1 2 1 1 9

0 2 1 2 2 9

1 1 2 1 1 9

1 1 2 1 1 9

1 1 2 1 1 9

1 2 2 1 1 9

0 1 2 1 2 9

0 2 2 0 0 5
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3.4. HAB measurements 
A large variety of HAB measurements was used to assess the association between HAB 
and aggressive behavior. Validity and reliability coe¹cients of HAB instruments were not 
reported in most studies. Nineteen studies used some form of hypothetical-situation 
vignettes depicting interpersonal situations, including at least some ambiguity with regard 
to the intent of the provocateur. Further comparison of these vignettes revealed that several 
di¤erent types and variations of vignettes were used. The number of vignettes ranged from 
three to 24. Some studies used ambiguous social situations only, whereas others used a 
mix of benign, malign and ambiguous scenarios. Furthermore, two studies (Jahoda, Pert, 
& Trower, 2006; Pert, Jahoda, & Squire, 1999) illustrated their vignettes with photographs 
and one study used a combination of vignettes and pictorial stimuli (Lobbestael, Cima, & 
Arntz, 2013). Besides vignettes, drawn images as pictorial stimuli were used in these three 
studies. Two studies used existing material (Rosenzweig Picture-Frustration study (PFS-AV); 
Hornsveld, Nijman, Hollin, & Kraaimaat, 2007 and the Thematic Apperception Test (TAT); 
Lobbestael et al., 2013), while Hutchings et al. (2010) designed their own watercolor images. 
Two studies used videos to assess HAB. The study of Dill, Anderson, Anderson and Deuser 
(1997) designed their own stimulus materials of an interaction between a couple on a sofa. 
Starting with a neutral video to practice, followed by a video including either aggressive, 
ambiguous, or no aggressive content (shown to participants in a randomized order). The 
other study conducted by Coccaro, Fanning, Fisher, Couture, and Lee (2017) made use of 
audio-video clips based on the social information processing-attribution and emotional 
response questionnaire (SIP-AEQ) vignettes. One study used face and sentence pairs, 
including ambiguously hostile target sentences (Wilkowski & Robinson, 2010). Finally, one 
study designed an explicit aggressive beliefs and attitudes scale including five items on 
HAB (Michel, Pace, Edun, Sawhney, & Thomas, 2014).

3.5. Association between hostile attribution bias (HAB) and aggression (hypothesis 1)
3.5.1. HAB and self-reported aggression
Of the 25 studies, 20 studies found at least some positive association between HAB and 
adult aggressive behavior. Fi¦teen studies used the Buss-Perry Aggression Questionnaire 
(BPAQ; Buss & Perry, 1992) to assess aggression. This questionnaire measures four 
dispositional domains of aggression: physical aggression, verbal aggression, hostility and 
anger. Examples of items are: “Given enough provocation, I may hit another person” and 
“My friends say that I’m somewhat argumentative”.

The strongest correlation between HAB and BPAQ total score was r = .52 in a sample of 
patients with moderate to severe traumatic brain injury (TBI). In this sample, attributions 
of hostility were significantly associated with higher trait aggression. In the study of Flores 
(1999), conducted among male college students a significant and positive association was 
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found between aggression as measured with the BPAQ and HAB (r = .37). In this sample, 
high levels of aggression were significantly associated with greater HAB. Another study 
using a student sample found a correlation of r = .38 between BPAQ and their newly 
developed HAB questionnaire (the 30-item explicit aggressive beliefs and attitudes scale; 
Michel et al., 2014). Similarly, another study using a student sample also found that high 
trait aggressive individuals attributed more hostile intent to ambiguous or clearly hostile 
vignettes (Tremblay & Belchevski, 2004). In four other studies using general population 
samples with an average age about or above 30 years, HAB was also signicantly associated 
with aggression as measured with the BPAQ (Chen et al., 2012; Coccaro, Fanning, & Lee, 
2017; Coccaro et al., 2009; Matthews & Norris, 2002). For details on these studies, please 
see Table 1.

Furthermore, in a sample of forensic psychiatric in- and outpatients, the Dutch version of 
the BPAQ was significantly correlated (r = .46) with pictorial stimuli displaying ambiguous 
images in which the provocateur’s intent can be interpreted as provocative. Supporting 
the conclusion that HAB and aggressive behavior are associated (Hornsveld et al., 2007). 
Similar to Hornsveld et al. (2007), Hutchings et al (2010) also used pictorial stimuli to 
assess HAB. However, their study was conducted in a student sample and only used the 
physical aggression subscale of the BPAQ. Yet, highly aggressive students attributed more 
hostile attribution to ambiguous pictures than their low physical aggressive counterparts 
(Hutchings et al., 2010). 

Besides vignettes, and pictorial stimuli, two studies that used the BPAQ measured HAB 
with videos. Interestingly, the study of Dill et al. (1997) in a student sample, found HAB 
in all types of videos, so neutral, clearly aggressive and ambiguous social interactions. 
However, the strongest association was found with aggressive and ambiguous videos. On 
the other hand, the study of Coccaro, Fanning, Fisher, et al. (2017) in a general population 
and intermittent explosive disorder sample showed that HAB and aggression scores were 
modestly, but inversely associated. Next to this study, two other studies using the BPAQ 
did not find a significant association between HAB and aggression. Both studies used 
vignettes to assess HAB in a student sample, and in both studies there was no support for 
a direct association between HAB and aggression (Gagnon, McDu¤, Daelman, & Fournier, 
2015; Helfritz-Sinville & Stanford, 2014). So, three out of fi¦teen studies using the BPAQ did 
not report a positive significant association between aggression and HAB. 
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Table 2. Study descriptions and results.

Author, year, 
country

Number of 
participants

Age 
participants Mean 
(SD) [range]

Type of 
aggression

Aggression 
measure

Category of 
HAB measure

Forensic psychiatric patients and o�enders

Hornsveld, 
Nijman, 
Hollin, & 
Kraaimaat, 
2007, the 
Netherlands

n = 285 ♂ 
147 forensic 
inpatients, 
138 forensic 
outpatients

Inpatients 35.5 
(8.6); outpatients 
21.9 (8.0)

Aggression BPAQ pictorial 
stimuli 

Lobbestael, 
Cima, & Arntz, 
2013, the 
Netherlands

n = 66 ♂ 
22 forenisc 
inpatients, 
15 forenisc 
outpatients, 
29 general 
popualtion

36.4 (11.7) Reactive 
and 
proactive 
aggression

RPQ vignettes, 
and pictorial 
stimuli 

Bowen, 
Roberts, & 
Kocian, 2016, 
USA

n = 330 ♂ 
o¤enders

30.41 (10.37) Aggressive 
or violent 
behaviors 
like “shove 
him” or 
“punch 
him”

Active 
responses 
(1/0), these 
means 
chosing 
aggressive 
or violent 
behaviors

vignettes
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Details on HAB measure Main findings Conclusion

Twelve-item version of the 
Picture-Frustration Study 
- Adapted Version (PFS-
AV), contains pictures of 
ambiguous situations in which 
the intent can be interpreted 
as provocative. 

Significant correlation 
between BPAQ total and PFS-
AV (0.46**), also subscores 
physical (0.43**) and verbal 
aggression (0.40**) are 
significantly correlated.

This study finds support for 
the conclusion that hostility 
and aggressive behavior are 
associated.

Eight vignettes depicting 
ambiguous provocative social 
situations: six vignettes were 
from Tremblay & Belchevski 
(2004) and two from the Soical 
Interpretation Questionnaire 
(Cima, Lobbestael, & Vancleef, 
2012). Additionally, eight cards 
of the Thematic Apperception 
Test (TAT; Murray, 1943) were 
used. 

Only reactive aggression was 
significantly correlated with 
HAB and this relation was 
restricted to the vignettes. 
Proactive aggression was 
unrelated to HAB. No 
significant findings for reactive 
or proactive aggression were 
obtained using the TAT.

Reactive aggression is 
predicted by the tendency to 
interpret ambiguous vignettes 
as hostile. So, HAB contributes 
uniquely to reactive 
aggression. 

Three hypothetical vignettes 
of an ambiguous situation 
from Horney’s (2001) study 
were used.

Trait HAB was not statistically 
significant, but an increase in 
HAB yielded a decrease in the 
odds of an active response by 
approximately 1%.

Most participants did not 
attribute hostile intent to most 
people in the vignettes, this 
is surprising for an o¤ender 
sample, as this population is 
thought to be more aggressive 
than the general population. 
So, the relationship between 
HAB and aggression maybe 
more complicated than 
previously thought.

(continued on next page)
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Table 2. Continued

Author, year, 
country

Number of 
participants

Age 
participants Mean 
(SD) [range]

Type of 
aggression

Aggression 
measure

Category of 
HAB measure

Edwards & 
Bond, 2012, UK

n = 62 ♂ 
mentally 
disordered 
o¤enders 

39 (9.52) Aggression Story Task vignettes

Lim, Day, & 
Casey, 2011, 
Australia

n = 76 ♂ 
o¤enders
38 violent, 
38 non-
violent 

34.29 (1.19) Aggression 
expectancy

Self-
reported 
likelihood 
of engaging 
in reactive 
aggression 

vignettes

General population

Dill, Anderson, 
Anderson & 
Deuser, 1997 
(Study II), USA

n = 167 
students 
60 ♂; 107 ♀

Unknown Aggression BPAQ videos

Flores, 1999, 
USA

n = 62 ♂ 
students

[18 - 22] Aggression BPAQ vignettes
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SIP-AEQ; Ten vignettes 
presenting a social ambiguous 
situation in which an adverse 
action is directed at the 
person who the subject is 
asked to identify with. These 
adverse actions are split into 
two categories: Five vignettes 
represent direct aggressive 
scenarios, five vignettes 
represent relational aggressive 
scenarios (Coccaro, Noblett, & 
McCloskey, 2009). 

Significant correlation 
between the ‘physical’ 
aggression category of story 
and HAB (0.28*). 

HAB is significantly associated 
with writing more aggressive 
sentences a¦ter aggressive 
stories representing acts of 
physical aggressive behavior.

HIQ (Simourd & Mamuza, 
2000; 2002). Seven vignettes 
representing a broad variety of 
social situations, included in 
the 35-item self-report Hostile 
Interpretations Questionnaire. 

Over the total sample of 
violent and non-violent 
o¤enders there is a significant 
correlation between 
aggression expectancy and 
HAB (0.54***). 

There is significant association 
between aggression expectancy 
and HAB in a sample of violent 
and non-violent o¤enders. 
Moreover, HAB may play an 
important role in predicting 
aggression in the future.

Four videotaped stimulus 
materials were designed 
for this study, showing an 
interactions of a couple on a 
sofa: one neutral to practice, 
one without aggressive 
content, one with ambiguous 
aggressive content and one 
with overt aggressive content.

Hostile perception bias 
predicted aggressive ratings 
on all three content types 
(so, neutral, ambiguous 
and aggressive personally-
irrelevant social interactions). 

HAB was present in all three 
types of videos, however 
the bias was strongest for 
ambiguous and aggressive 
videos. Specifically, a¦ter 
additional analysis, highly 
aggressive individuals produce 
HAB in ambiguous and clearly 
aggressive situations, but this 
bias is significantly reduced in 
clearly nonaggressive (neutral) 
situations. 

Three short vignettes 
(following Dodge, 1980) 
depicting ambiguous social 
situations that could be 
interpreted as aggressive or 
provoking.

HAB was positively correlated 
with aggression (0.37*). 

Higher levels of aggression are 
significantly associated with 
more hostile attributions. 

(continued on next page)
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Table 2. Continued

Author, year, 
country

Number of 
participants

Age 
participants Mean 
(SD) [range]

Type of 
aggression

Aggression 
measure

Category of 
HAB measure

Gagnon, 
McDu¤, 
Daelman, & 
Fournier, 2015, 
Canada

n = 170 
students 
30 ♂; 140 ♀

Unknown Aggression BPAQ vignettes

Matthews & 
Norris, 2002, 
USA

n = 263 
general 
population 
130 ♂; 133 ♀

41.6 Aggression BPAQ vignettes

Michel, 
Pace, Edun, 
Sawhney, & 
Thomas, 2014, 
USA

n = 406 
students
126 ♂; 280 ♀

21 [18-54] Aggression BPAQ scale
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SIP-AEQ; Ten vignettes 
presenting a social ambiguous 
situation in which an adverse 
action is directed at the 
person who the subject is 
asked to identify with. These 
adverse actions are split into 
two categories: Five vignettes 
represent direct aggressive 
scenarios, five vignettes 
represent relational aggressive 
scenarios (Coccaro, Noblett, 
&McCloskey, 2009). 

No results on the unique 
association between HAB and 
aggression are presented. 

Aggressiveness did not 
contribute to the prediction 
of HAB.

Twelve scenarios, based on 
essays from an earlier study 
(Matthews & Norris, 1999). 
There were four scenarios of 
each type: benign, ambiguous, 
and malign. 

In scenarios of ambiguous 
provocation, the gap between 
high- and low-aggressive 
individuals was greater than 
in cases where provocation 
was benign or malign. 
Means between malign 
and ambiguous conditions 
were smaller in aggressive 
individuals than di¤erence in 
means between ambiguous 
and benign conditions. The 
opposite was true for low-
aggressive individuals, there 
was a smaller di¤erence 
between ambiguous and 
benign conditions. 

Individuals with higher 
aggression scores attributed 
more hostile intent in 
ambiguous driving conditions 
than low-aggressive 
individuals. In situations that 
were benign or malign, more 
aggressive motorists did not 
di¤er in HAB. 

Five items on HAB of the 30-
item explicit aggressive beliefs 
and attitudes scale, developed 
by Michel et al. (2014). 

There is a significant 
correlation between BPAQ 
and the five HAB items of 
the new aggression measure 
(0.38***). 

There is an association 
between HAB and aggression. 

(continued on next page)
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Table 2. Continued

Author, year, 
country

Number of 
participants

Age 
participants Mean 
(SD) [range]

Type of 
aggression

Aggression 
measure

Category of 
HAB measure

Tremblay & 
Belchevski, 
2004, Canada

n = 118 
students
38 ♂; 80 ♀

20.3 (2.05) Aggression BPAQ vignettes

Hutchings, 
Gannon, & 
Gilchrist, 2010, 
UK

n = 28 ♂ 
students

19.68 [18 - 24] Physical 
aggression

BPAQ pictorial 
stimuli 

Helfritz-
Sinville & 
Stanford, 
2014, USA

n = 58 ♂ 
students

[18 - 24] Aggression BPAQ 
LHA

vignettes
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Twenty-four short hypothetical 
vignettes depicting provoking 
social situations. A few 
vignettes were adapted from 
O’Connor et al. (2001). There 
were three types of vignettes: 
clear intention to provoke (8), 
intent of character remains 
ambiguous (8), or clearly no 
intention to provoke (8). 

Trait aggression had the 
strongest influence on 
aggressive reactions, such 
as: being rude, yell or swear, 
threaten, and use of physical 
force in clearly intentional and 
ambiguous social situations 
than in unintentional 
situations. Except for threaten 
response, trait aggression had 
similar influence in intentional 
and ambiguous situations.

High trait aggressive 
individuals are more likely 
to react aggressively when 
there is enough ambiguity or 
clear indication of hostility. 
Besides, individuals low in 
trait aggression report also 
less aggression in cases where 
there was clear hostile intent, 
compared to their more 
aggressive counterparts. 

Seventeen watercolor images 
displaying ambiguous social 
situations. These images 
were specifally designed for 
this study by the authors in 
collaboration with a local 
artist. 

Highly aggressive males had 
significantly higher total 
aggression scores than low 
aggressive males (t(1,26) = 
-1.145, p = 0.263). This means 
that on ambiguous pictures, 
highly aggressive males 
made more hostile-type 
interpretations.

Students high in physical 
aggression reported more 
HAB of pictures showing 
ambiguous social situations, 
than students low in physical 
aggression. 

Twenty-four vignettes 
depicting three types of 
everyday conflict situations: 
intentional, ambiguous and 
unintentional provocation 
(Conflict Situation Vignettes; 
Tremblay & Belchevski, 2004).

No significant group 
di¤erences on questions 
about hostile intent. However, 
the aggressive groups, tended 
to use more physical force, 
threaten or being rude than 
controls in ambiguous social 
situations. So, when intention 
was not clear, they used 
more o¦ten verbal or physical 
aggressive behavior. 

Impulsive aggression and 
HAB were not directly 
associated, but in impulsive 
and premeditated aggressors 
the association was indirectly 
evident. 

(continued on next page)
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Author, year, 
country

Number of 
participants

Age 
participants Mean 
(SD) [range]

Type of 
aggression

Aggression 
measure

Category of 
HAB measure

Chen, Coccaro, 
& Jacobson, 
2012, USA

n = 2,749 
PennTwins 
cohort
1144 ♂; 1605 ♀

33.2 (6.0) General 
aggression, 
physical 
aggression, 
relational 
aggression, 
verbal 
aggression

BPAQ
LHA 
SRASBM

vignettes

Murray-
Close, Ostrov, 
Nelson, Crick, 
& Coccaro, 
2010, USA

n = 1387 
PennTwins 
cohort
587 ♂; 800 ♀

33.8 (5.89) Reactive, 
proactive 
and 
romantic 
relational 
aggression

BPAQ
SRASBM 

vignettes

Bailey & 
Ostrov, 2008, 
USA

n = 165 
students
82 ♂; 83 ♀

19.05 (1.55) Proactive 
and 
reactive 
relational 
aggression; 
proactive 
and 
reactive 
physical 
aggression

SRASBM vignettes



Hostile attribution bias and aggression in adults – a systematic review 

45

CHAPTER 2

Details on HAB measure Main findings Conclusion

SIP-AEQ; Ten vignettes 
presenting a social ambiguous 
situation in which an adverse 
action is directed at the 
person who the subject is 
asked to identify with. These 
adverse actions are split into 
two categories: Five vignettes 
represent direct aggressive 
scenarios, five vignettes 
represent relational aggressive 
scenarios (Coccaro, Noblett, 
and McCloskey, 2009). 

♂: significant correlations 
between HAB and the four 
variables: general (0.18**); 
physical (0.19**); relational 
(0.30**), verbal (0.10**) 
aggression.
♀: significant correlations 
between HAB and the four 
variables: general (0.17**), 
physical (0.30**), relational 
(0.31**), verbal (0.15**) 
aggression.

There are statistically 
significant and positive 
relationships between all 
four measures of aggression 
and HAB for both males and 
females.

SIP-AEQ; see above, in this 
study only the four relational 
provocation vignettesof the 
SIP-AEQ were included in this 
study.

Reactive relational aggression 
was uniquely associated with 
hostile intent attributions 
in response to relational 
provocations (0.27***). 
Romantic relation aggression 
was related to HAB regarding 
relational provocation (0.07*). 

Only reactive relational 
aggression was incomparably 
associated with HAB for 
relational provocation social 
sitautions. In addition, 
romantic relational aggression 
was uniquely related to HAB, 
even a¦ter controlling for peer-
directed relational aggression. 

Ten hypothetical-situation 
vignettes developed by 
Fitzgerald and Asher, and 
adapted in the past literature 
by Crick (1995). Each vignette 
was ambiguous on the 
provocateur’s intent. 

Reactive physical aggression 
was significantly correlated 
with HAB for instrumental 
provocation scenarios (0.18*); 
reactive relational aggression 
was significantly correlated 
with HAB for relational 
provocation scenarios 
(0.19*). The regression 
model showed that reactive 
relational aggression 
was uniquely associated 
with HAB for relational 
provocation scenarios (0.32**); 
furtheremore the reactive 
physical aggression has a 
unique significant association 
with instrumental HAB (0.27*).

HAB is important for 
understanding the reactive 
functions of aggressive 
behavior in emerging adults. 

(continued on next page)
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Table 2. Continued

Author, year, 
country

Number of 
participants

Age 
participants Mean 
(SD) [range]

Type of 
aggression

Aggression 
measure

Category of 
HAB measure

Epps & 
Kendall, 1995, 
USA

n = 172 
students
89 ♂; 83 ♀

19.8 [17 - 38] Aggression BDHI vignettes

Wilkowski & 
Robinson, 
2010, USA

n = 52 
students
18 ♂; 34 ♀

19.5 Aggression Daily Diary 
Protocol 

face and 
sentence 
pairs 

Traumatic brain injury and intermittent explosive disorder

Neumann, 
Malec, & 
Hammond, 
2015, USA

n = 48 
patients with 
moderate to 
severe TBI 
33 ♂; 15 ♀

43 (14.52) Aggression BPAQ vignettes
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Twenty-two scenarios 
depicting negative 
interpersonal interactions, 
seven benign intent, seven 
hostile intent, and seven 
ambiguous intent (and one 
artifact scenario). 

Results display a strong 
pattern of signifcant 
relationships between HAB 
and self-reported aggression. 

Main findings of this study 
support the construct of HAB 
in ambiguous siuations in an 
adult sample. Furthermore, 
the pattern of significance 
also supports HAB in benign 
situations, but this association 
is less robust compared to 
either hostile or ambiguous 
social situations. 

Seventy-two face and 
sentence pairs. Eighteen 
so-called ‘target-sentences’: 
ambiguously hostile target 
sentences that were adapted 
from previous studies 
(Caldwell & Newman, 2005; 
Copello & Tata, 1990; Wingrove 
& Bond, 2005; Zelli, Cervone, 
& Huesmann, 1996; Zelli 
Huesmann & Cervone, 1995). 
Eighteen target-irrelevant 
sentences and 36 explicit-trait 
sentences. 

Spontaneous hostile 
inferences were positively 
related to daily self-reported 
aggression, y = 0.03, p = 0.006, 
standardized r = 0.36. On the 
other hand, spontaneous 
hostile transferences had 
no significant relationship 
with aggressive behavior, y = 
0.0004, p = 0.75, standardized 
r = 0.04. Nonhostile inference 
nor transference yielded 
significant results in relation 
to self-reported aggressive 
behavior. Furthermore, implicit 
hostile inferences also 
predicted higher levels of daily 
aggressive behavior. 

Only spontaneous hostile 
inferences were positively 
related to aggressive 
behavior. There was no 
positive relationship 
between spontaneous hostile 
transference, or nonhostile 
inference or transference.

Twenty-one hypothetical 
scenarios (Epps & Kendall, 
1995), actions of the character 
were described in three 
di¤erent ways: benign, malign, 
ambiguous (seven social 
scenarios for each type).

Of the 48 individuals, 17 were 
classified as having high 
trait aggression, the others 
normal to low trait aggression. 
Spearman Rho correlations 
showed that trait aggression 
was significantly associated 
with attributions of blame 
(0.516***), hostility (0.517***) 
and intent (0.564***).

In people with TBI, negative 
attributions are found to 
be associated with trait 
aggression. The higher the 
trait aggression was, the 
stronger attributions of blame, 
hostility and intent they had.

(continued on next page)
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Table 2. Continued

Author, year, 
country

Number of 
participants

Age 
participants Mean 
(SD) [range]

Type of 
aggression

Aggression 
measure

Category of 
HAB measure

Coccaro, 
Fanning, 
Fisher, 
Couture, & 
Lee, 2017, USA

n = 150 
75 general 
population 
and 75 
intermittent 
explosive 
disorder

IED 37.8 (10.2), 
HC 34.6 (9.7)

Overt 
aggression

BPAQ
LHA

videos

Coccaro, 
Noblett, & 
McCloskey, 
2009 
(Study I), USA

n = 923 
PennTwin 
cohort 
357 ♂; 566 ♀

33.80 (5.89) Aggression BPAQ
LHA

vignettes

Coccaro, 
Noblett, & 
McCloskey, 
2009 
(Study II), USA

n = 461 
PennTwin 
cohort 
219 ♂; 242 ♀ 

33.40 (6.37) Aggression BPAQ
LHA

vignettes

Coccaro, 
Noblett, & 
McCloskey, 
2009 
(Study III), 
USA

n = 100 
50 general 
population 
and 
50 psychiatric 
patients

PD/IED 38.3 (10.2), 
HC 34.7 (15.2)

Aggression BPAQ
LHA

vignettes
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SEIP-V; sixteen audio-video 
clips based on the eight 
vignettes of the SEIP-AEQ (one 
for each gender; by Coccarro 
et al., 2017). 

IED displayed significantly 
higher scores for HAB than 
HC (F[1,148] = 6.81, p = 0.01). 
When placed in a multiple 
regression analysis, only 
hostile attribution predicted 
aggression scores. 

Unexpectedly, HAB scores 
related modestly, but inversely 
to aggression scores. Perhaps, 
more complex relationships 
among V-SEIP variables 
account for this e¤ect. 

SIP-AEQ; Ten vignettes 
presenting a social ambiguous 
situation in which an adverse 
action is directed at the 
person who the subject is 
asked to identify with. These 
adverse actions are split into 
two categories: Five vignettes 
represent direct aggressive 
scenarios, five vignettes 
represent relational aggressive 
scenarios (Coccaro, Noblett, & 
McCloskey, 2009). 

HAB was positively correlated 
with BPAQ (0.35***) and LHA 
(0.19***).

In all three studies, there is a 
significant positive correlation 
between aggression, 
measured with two di¤erent 
questionnaires, and HAB. 

SIP-AEQ; see above. HAB was positively correlated 
with BPAQ (0.34***) and LHA 
(0.21***). 

In all three studies, there is a 
significant positive correlation 
between aggression, 
measured with two di¤erent 
questionnaires, and HAB. 

SIP-AEQ; see above. HAB was positively correlated 
with BPAQ (0.44***) and LHA 
(0.41***). 

In all three studies, there is a 
significant positive correlation 
between aggression, 
measured with two di¤erent 
questionnaires, and HAB. 

(continued on next page)
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Table 2. Continued

Author, year, 
country

Number of 
participants

Age 
participants Mean 
(SD) [range]

Type of 
aggression

Aggression 
measure

Category of 
HAB measure

Coccaro, 
Fanning, & 
Lee, 2017 
(Study I), USA

n = 250 
PennTwin 
cohort 
111 ♂; 139 ♀

33.6 (7.6) Overt 
aggression, 
and 
relational 
aggression

BPAQ 
LHA
RAQ

vignettes

Coccaro, 
Fanning, & 
Lee, 2017 
(Study II), USA

n = 100 
50 general 
population 
and 
50 psychiatric 
patients

IED 41.2 (11.7),
HC 38.6 (16.1)

Overt 
aggression, 
and 
relational 
aggression

BPAQ 
LHA
RAQ

vignettes

Coccaro, 
Fanning, 
Keedy, & Lee, 
2016, USA

n = 300 
100 
intermittent 
explosive 
disorder, 
100 general 
population, 
100 psychiatric 
patients

IED 37.3 (10.9), 
HC 33.4 (12.9), 
PC 36.2 (11.7)

Aggression LHA vignettes
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SEIP-Q; eight vignettes 
presenting ambiguous 
social situations in which 
an adverse action of one 
person is directed at another 
person. Developed by Coccaro, 
Fanning, & Lee, 2016. 

HAB was correlated with overt 
aggression BPAQ (0.28*), and 
relational aggression (0.32*). 
The correlation with overt 
aggression LHA (0.19) was not 
significant. 

There is a significant 
relationship between overt 
and relational aggression 
and HAB in a population 
based sample; and impulsive 
aggressive individuals with 
IED also show elevated 
HAB compared to HC, this 
is consistent with results in 
children and adolescents.

SEIP-Q; see above. Impulsive aggressive 
participants with IED 
manifested elevated HAB 
compared to HC.

There is a significant 
relationship between overt and 
relational aggression and HAB 
in a population based sample; 
and impulsive aggressive 
individuals with IED also show 
elevated HAB compared to HC.

SEIP-Q; see above. Hierarchical multiple 
regression analysis showed a 
postive association between 
HAB and LHA aggression. 

IED participants showed 
elevated HAB in reaction 
to vignettes displaying 
ambiguous social interactions, 
compared to HC and PC.

(continued on next page)
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Table 2. Continued

Author, year, 
country

Number of 
participants

Age 
participants Mean 
(SD) [range]

Type of 
aggression

Aggression 
measure

Category of 
HAB measure

Intellectual disability

Jahoda, 
Pert, & 
Trower, 2006, 
Schotland

n = 89 (non)
aggressive 
people 
with mild/
moderate 
intellectual 
disabilities
43 aggressive, 
46 
nonaggressive 

Aggressive 39 (9.67); 
nonaggressive 39 
(11.05)

Aggression Checklist 
of Challen-
ging 
Behavior 

vignettes 
illustrated 
with 
photographs 

Pert, Jahoda, 
& Squire, 
1999, 
Schotland

n = 44 (non)
aggressive 
with mild/
moderate 
intellectual 
disabilities
22 aggressive, 
22 
nonaggressive

[17 - 65] Aggression Checklist 
of Challen-
ging 
Behavior 

vignettes 
illustrated 
with 
photographs 

Note. HAB = Hostile Attribution Bias; RPQ = Reactive Proactive Questionnaire; SRASBM = Self-
Report of Aggression and Social Behavior Measure; LHAQ = Lifetime History of Aggression 
Questionnaire; BPAQ = Buss-Perry Aggression Questionnaire; RAQ = Relational Assessment 
Questionnaire; SIP-AEQ = social information processing-attribution and emotional response 
questionnaire; SEIP-Q = social emotional information processing model Questionnaire; IED = 
intermittent explosive disorder; PC = patient controls; HC = healthy controls.
*p < .05. ***p < .001.
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Ten stories showing social 
situations, illustrated with 
photographs and based 
on Pert et al. (1999). Three 
provocative stories, three 
positive stories & four 
ambiguous stories in which 
intent was unclear.

In provocative self-referent 
scenes, aggressive participants 
attributed significantly more 
HAB than their nonaggressive 
counterparts. However, when 
observing an other referent, 
there was no di¤erence in 
HAB. Furthermore, in the 
ambiguous self-referent 
scenes there was also no 
signicant di¤erence between 
both groups. 

In ambiguous self-referent 
scenes, aggressive individuals 
did not report more HAB 
than their nonaggressive 
counterparts. There was 
only a significant di¤erence 
between groups on the 
provocative self-referent 
scenes, yet it is of importance 
to mention that this significant 
e¤ect was mainly caused 
by the nonaggressive group 
who perceived the clearly 
provocative scenes as less 
threatening. 

Seven written core stories 
depicting interpersonal 
situations, illustrated with 
photographs (Pert & Jahoda, 
1999). Two provocative scenes, 
two benign scenes, and three 
ambiguous scenes. This 
method was inspirated on 
the work by Riddley (1992, an 
unpublished master thesis of 
Edinburgh University).

For all ambiguous situations, 
a significantly higher number 
of aggressive participants gave 
response of hostile intent (p 
= 0.42). Additionally, there was 
a significantly higher number 
of aggresive participants that 
responded aggressively to 
ambiguous scenes (p = .012). 

Aggressive participants 
displayed HAB within 
ambiguous self-referent 
situations, however, this 
was not the case in clearly 
provocative situations. 
Likewise, aggressive 
participants predicted more 
aggressive behavior to the 
ambiguous self-referent 
situations. This means there 
is a consistency between 
HAB and their predicted 
(aggressive) behavior. 
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One of the first studies in adults investigating the association between aggression used 
the Buss-Durkee Hostility Inventory (BDHI) to measure aggression as predisposition toward 
for instance, interpersonal violence and hurtful speech (Epps & Kendall, 1995). In a student 
population a strong pattern of significant associations between HAB and self-reported 
aggression was found. The pattern of significance was not restricted to ambiguous social 
situations, but also present in hostile and benign situations. However, the association 
between HAB in benign situations was less robust. 

Although most studies in this review used well-validated aggression measurements, some 
studies used other measurements. In a sample of mentally disordered o¤enders, Edwards and 
Bond (2012) made use of a Story Task (Bond, Bauer, & Wingrove, 2004) to measure aggression. 
Results showed a positive significant correlation (r = .28) between HAB and formulating more 
aggressive sentences a¦ter aggressive stories that represented physical aggression. Another 
study among an o¤ender sample used the total score of three single self-report questionnaires 
assessing the likelihood that the person would react aggressively to perceived provocation 
(Lim, Day, & Casey, 2011). Interestingly, both violent and non-violent o¤enders showed a 
significant association between aggression expectancy and HAB. Furthermore, another study 
with an o¤ender sample used an active response as an outcome variable assuming a di¤erence 
between an active response (‘punch him’) and a passive response (‘walk away’) (Bowen, 
Roberts, & Kocian, 2016). The association between HAB and an active aggressive response 
was not statistically significant. This contradicted the hypothesis as it was expected that an 
increase in HAB would lead to an increase in active response (Bowen et al., 2016). 

3.5.2. HAB and (history of) actual aggressive behavior
Some studies went beyond the self-reported aggressive tendencies as a personality trait, 
and included for example the Lifetime History of Aggression Questionnaire (LHA; Coccaro, 
Berman, & Kavoussi, 1997) to measure self-reported history of actual aggression. The study 
of Chen et al. (2012) performed among men and women from the general population 
showed that HAB was significantly positively associated to general aggression as measured 
with the LHA (men r= .18; women r= .17). Another study of Coccaro et al. (2016) executed a 
hierarchical multiple regression analysis and found that HAB positively contributed to the 
prediction of aggression measured with the LHA. Furthermore, two other studies reported 
small-to-moderate correlations between general aggression measured with LHA and HAB 
measured with vignettes (Coccaro, Fanning, & Lee, 2017; Coccaro et al., 2009).

In the study of Wilkowski and Robinson (2010), HAB was defined in a di¤erent way. 
Describing yourself as an “insulting person” was referred to as hostile inference, and the 
tendency to describe the person in the sentence as an “insulting person” was referred to as 
hostile transference. Aggression was measured with the question whether they performed 
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aggressive behaviors on the day in question. For instance, whether they ignored someone, 
or spread rumors about someone. In this study, only spontaneous hostile inferences were 
positively associated to aggressive behavior. There was no positive association between 
actual aggressive behavior and spontaneous hostile transference, or non-hostile inference 
or transference (Wilkowski & Robinson, 2010).

Besides self-reported history of actual aggressive behavior, two studies conducted among 
individuals with mild to moderate intellectual disabilities used the Checklist of Challenging 
Behavior completed by sta¤ members who had at least three months direct contact with 
the person whom they were providing information about (Jahoda et al., 2006; Pert et al., 
1999). Results on both studies were less conclusive, as Pert et al. (1999) found evidence 
for an association between HAB and predicted aggressive behavior, whereas Jahoda et al. 
(2006) did not find similar results. All in all, there are mixed results with regard to history 
of actual aggressive behavior and HAB in adults. 

3.5.3. HAB and type of aggression (proactive, reactive and relational)
Two studies demonstrated distinct correlates (e.g., HAB) of relational, and reactive and 
proactive physical aggression in samples of (emerging) adults (Bailey & Ostrov, 2008; 
Murray-Close, Ostrov, Nelson, Crick, & Coccaro, 2010). Both studies concluded that reactive 
relational aggression was uniquely and directly associated with HAB for relational 
provocation scenarios (e.g., a friend shares one of your secrets; Bailey & Ostrov, 2008; 
Murray-Close et al., 2010). Moreover, in the study of Bailey and Ostrov (2008), reactive 
physical aggression was uniquely associated with HAB for instrumental provocation 
situations (e.g., “the student spills the drink all over your back”). However, in the study 
of Helfritz-Sinville and Stanford (2014), reactive aggression and HAB were not directly 
related. Yet, there was a significant di¤erence between reactive and proactive aggressors 
and non-aggressive controls. As in ambiguous social situations, reactive and proactive 
aggressors were more likely to use verbal and/or physical aggressive behavior than the 
non-aggressive controls. 

Finally, one study investigated the function of aggression only, as measured with the 
Reactive–Proactive Aggression Questionnaire (RPQ; Raine et al., 2006). This study 
demonstrated evidence that HAB contributed to reactive aggression. Also Bailey and Ostrov 
(2008) and Murray-Close et al., (2010) found an association between HAB and reactive 
aggression. These results were contradicted by the findings of Helfritz-Sinville and Stanford 
(2014), who did not find a di¤erence between HAB and reactive and proactive aggression. 
However, the samples of both studies di¤ered because Lobbestael et al. (2013) assessed 
forensic in- and outpatients and men from the general population, while Helfritz-Sinville 
and Stanford (2014) used a sample of male students. 
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3.6. Association between hostile attribution bias (HAB) and aggression across di�erent 
samples (hypothesis 2)
3.6.1. Forensic psychiatric patients and o�enders
Although most studies included students or community samples, five studies were 
performed among male forensic psychiatric patients or prisoners (Bowen et al., 2016; 
Edwards & Bond, 2012; Hornsveld et al., 2007; Lim et al., 2011; Lobbestael et al., 2013). Three 
studies including o¤enders found a statistically significant association between HAB and 
aggression (Edwards & Bond, 2012; Hornsveld et al., 2007; Lim et al., 2011). Edwards and Bond 
(2012) showed that 62 mentally disordered o¤enders wrote significant more aggressive 
sentences a¦ter reading aggressive stories representing acts of physical aggression (r = .28). 
Furthermore, in a Dutch sample of forensic psychiatric in- and out-patients, Hornsveld et 
al. (2007) demonstrated a significant correlation between the BPAQ and the PFS-AV (r = .46). 
Moreover, physical and verbal aggression were also significantly correlated with HAB as 
measured with the PFS-AV (respectively r = .43 and r = .40). Additionally, in the study of Lim 
et al. (2011), the total sample of violent and non-violent prisoners indicated a significant 
correlation between aggression expectancy and HAB (r = .54). Moreover, violent o¤enders 
were more likely to interpret the behavior of others as hostile intentional than non-violent 
o¤enders (Lim et al., 2011). Although forensic psychiatric patients and o¤enders are thought 
to be more aggressive than people from the general population, these expectations were 
contradicted by the study of Bowen et al. (2016). In their study, male o¤enders (N = 330) 
did not attribute hostile intent to most people in the vignettes. 

3.6.2. General population
In general, most studies using student and/or community samples found an association 
between HAB and aggression (e.g., Coccaro, Noblett, & McCloskey, 2009; Michel et al., 
2014). Higher (self-reported) aggression scores were associated with more HAB. Most of 
these studies divided participant in low and highly aggressive. For instance, compared to 
individuals with low-aggressive scores, individuals displaying higher levels of aggression 
attributed more HAB in ambiguous driving scenarios (Matthews & Norris, 2002). This also 
accorded with two studies concluding that highly aggressive students produced more HAB 
in ambiguous and clearly aggressive social situations, and that HAB is reduced in neutral 
scenarios (Dill et al., 1997; Tremblay & Belchevski, 2004). Besides, another study using 
pictorial stimuli as HAB measurement showed that students high in physical aggression 
reported more HAB of pictures showing ambiguous social situations than students low in 
physical aggression (Hutchings et al., 2010). 
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3.6.3. Traumatic brain injury and intermittent explosive disorder
One study examined a sample of patients with moderate to severe traumatic brain injury 
(TBI). Aggression and impulsive outburst are very common a¦ter TBI (Wood & Thomas, 2013). 
However, the role of HAB in a sample with TBI patients is understudied (Neumann, Malec, 
& Hammond, 2015). In the study of Neumann et al. (2015) 17 out of 48 participants were 
classified as having high trait aggression. Results showed that TBI patients with higher 
trait aggression showed stronger attributions of blame, hostility and intent. Interesting is 
that four studies conducted in the general population (healthy-controls) were compared 
to patients diagnosed with Intermittent Explosive Disorder (IED), a mental disorder 
characterized by repetitive aggressive behavior (Coccaro, Fanning, & Lee, 2017; Coccaro, 
Fanning, Fisher, et al., 2017; Coccaro et al., 2016, 2009). Nevertheless, Coccaro, Fanning, 
Fisher, et al. (2017) found that although HAB scores related modestly to aggression scores, 
they were inversely related. This is in contrast to previous studies of Coccaro et al., and 
according to the authors this can be due to the association between the variables of the 
video Social-Emotional Information Processing (V-SEIP) assessment they used. 

3.6.4. Intellectual disability
Two studies examined individuals with mild to moderate intellectual disabilities and 
categorized them as aggressive or nonaggressive based on their scores on the Checklist 
of Challenging Behavior (Jahoda et al., 2006; Pert et al., 1999). In both studies, HAB was 
measured with vignettes illustrating photographs. There was a significantly higher number 
of aggressive participants that responded aggressively to ambiguous social scenes. 
Aggressive participants assigned more aggressive behavior to the ambiguous self-referent 
situations compared to nonaggressive participants, concluding a consistency between HAB 
and predicted (aggressive) behavior (Pert et al., 1999). The other study with a comparable 
sample did not find an association between HAB and aggression in ambiguous self-referent 
scenes a¦ter comparing aggressive and nonaggressive individuals (Jahoda et al., 2006). 
In other words, aggressive individuals with mild to moderate intellectual disabilities did 
not view the ambiguous scenes involving themselves more confrontational than the 
nonaggressive group. 

3.6.5. Gender
In this field of research there is a lack of studies assessing gender di¤erences in HAB and 
aggression in adulthood (e.g., Murray-Close et al., 2010). Of the studies included in this 
systematic review, eight had an exclusively male sample (see Table 2). Of the 17 studies 
with a mixed sample, only seven studies reported on gender di¤erences in the aggression – 
HAB association, of which not a single one found significant di¤erences between men and 
women. One of these studies had a predominantly female sample (140 women vs. 30 men; 
(Gagnon et al., 2015), and two other studies only referred to gender di¤erences in types of 
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aggression (Bailey & Ostrov, 2008; Murray-Close et al., 2010). There were gender di¤erences 
for all subtypes of physical aggression (Bailey & Ostrov, 2008), whereas in the other study, 
no gender di¤erences in overall levels of relational aggression were found (Murray-Close et 
al., 2010). Yet, while women were more likely to engage in romantic relation aggression, men 
were most likely to engage in peer-directed reactive and proactive relational aggression. 
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4. Discussion

This systematic review investigated the associations between HAB and aggression in adults. 
To the best of our knowledge, this is the first systematic review on this topic in adult 
populations. In most of the 25 studies included, a small to medium positive association was 
found between HAB and aggression, suggesting that HAB indeed contributes to aggressive 
behavior in adults. We did not find strong empirical evidence that the association between 
HAB and aggression is stronger in groups displaying higher levels of aggression than in 
students or general populations. In all samples, more aggressive individuals also attributed 
more hostile intentions to people in ambiguous and/or clearly hostile social situations. 
Furthermore, with regard to gender, there were no di¤erences in the aggression – HAB 
association between men and women. The association between HAB and aggression 
therefore seems to capture a general mechanism of aggression rather than a pathological 
association because the association is not population-related. These findings suggest that 
other factors involved in social information processing also play an important role in the 
development and maintaining of severe aggressive behavior. 

The SIP-model has been developed to provide a comprehensive theoretical framework 
of aggression. HAB is one the components of this model, but it also includes encoding, 
goal clarification, response generation, response selection, and behavior. It is likely that 
relationships between HAB and aggression are moderated and/or mediated by other 
components of social information processing. However, the SIP-model has not been 
tested thoroughly in adult samples. Most steps in the model have remained theoretical 
(Bowen et al., 2016). Even in the studies discussed in this systematic review, associations 
between HAB and aggression were generally not the main focus. Associations were 
tested only cross-sectionally and statistical analyses were limited, as a result of which 
results may have been biased. Furthermore, some of these studies did not even mention 
the SIP model in their study (e.g., Michel et al., 2014; Wilkowski & Robinson, 2010). In a 
systematic review on the association between the SIP model and aggression in adults 
with intellectual disabilities, it is stated that there is a relative scarcity of work in this 
area (Larkin, Jahoda, & MacMahon, 2013). This is somewhat surprising as the SIP model 
is the leading theoretical framework in aggression research in children, adolescents and 
adults. Similar to the literature on adults with intellectual disabilities (Larkin et al., 2013), 
no published evidence could be found whether the di¤erent mechanisms of the SIP 
model interact or to what extent they are related in aggressive adults (Bowen et al., 2016). 
Although current findings support that aggression is positively associated with HAB in 
adults, it is important to gain better insight into the mechanisms underlying aggression. 
One necessary aspect is to understand how distal risk factors (such as having endured 
abuse or trauma as a child) relate to more proximal processes (such as emotional and 
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cognitive processes) that cause maintenance of aggressive behavior in adults (Dodge & 
Pettit, 2003). Unfortunately, no longitudinal studies about the association between SIP 
and aggressive behavior were identified. 

A strength of this systematic review is that only studies that used an aggression and 
a HAB measurement were included. This is important, because some studies in this 
research field classify their sample according to the o¤enses committed, not taking 
into account more minor aggressive behavior, and/or a description of how aggression 
was measured was missing (e.g., Copello & Tata, 1990; Vitale, Newman, Serin, & Bolt, 
2005). Studies included in this systematic review used either a self-report measurement 
or behavioral observation (e.g., Jahoda et al., 2006; Pert et al., 1999). However, as both 
methods measure di¤erent constructs of aggression it will be interesting to combine 
self-report and behavioral observations. Furthermore, this systematic review shows that 
there is a discrepancy with regard to how aggression is measured. When measuring 
(history of) actual aggressive behavior (e.g., using the LHA or the Checklist of Challenging 
Behavior), results are somewhat less conclusive than using the BPAQ. The latter 
instrument measures aggressive (sub)traits. Some studies used both instruments, but 
the correlations were stronger for the BPAQ than the LHA (Coccaro, Fanning, & Lee, 2017; 
Coccaro et al., 2009). A possible explanation for this is that actual aggression is a more 
complex phenomenon than previously thought. 

An important question that derived from this review is whether aggressive individuals’ 
biases are specific to ambiguous social stimuli, or are observed across most or all 
social stimuli. Studies di¤ered in the usage of both ambiguous and unambiguous (i.e., 
clearly benign or clearly hostile) stimuli to measure HAB. Ten out of the 25 studies 
used both ambiguous and unambiguous stimuli. However, in these ten studies, results 
about the main findings of the HAB-aggression-link were inconsistent. For instance, 
Dill et al. (1997) found that HAB predicted aggressive ratings regardless of the content 
type of the videos used (neutral, ambiguous, aggressive personally-irrelevant social 
interactions). Whereas, Tremblay and Belchevski (2004) showed that trait aggression 
had the strongest e¤ect on aggressive reactions (e.g., yell or swear, threaten, and use 
of physical force) in both ambiguous and clearly intentional social situations compared 
to unintentional situations. Interestingly, Helfritz-Sinville and Stanford (2014) used the 
same stimuli as Tremblay and Belchevski (2004) in a comparable student sample, but 
they did not find any significant group di¤erences. Furthermore, Matthews and Norris 
(2002) found that in a community-based study of drivers, higher aggression scores 
only attributed more hostile intent in ambiguous social situations, and not in benign 
or malign scenarios. A possible explanation for this might be that people who react 
aggressively in unambiguous social situations have other problems with processing 
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social information. So, their aggressive behavior is not only related to HAB, but also to 
other steps of the SIP-model (e.g., goal clarification). Therefore, using both ambiguous 
and unambiguous social scenarios can contribute to the utilization and understanding 
of the association between HAB and aggression. 

Another aspect that derived from this review is that the validity and reliability of HAB 
measurements should be increased. When there is more consistency in HAB measurements 
across studies, it will also be easier to compare the di¤erent samples. The relevance 
of improving HAB measurements is illustrated in the study performed by Lobbestael et 
al. (2013). This study on the association between reactive aggression and HAB, found 
significant results for the vignettes, but not with the pictorial stimuli. It is assumed that 
context and involvement are key elements in social information processing and people 
may get distracted by pictures and videos containing irrelevant information, such as 
background features and/or how the actor looks (de Castro et al., 2002). Furthermore, it 
is argued that pictures are static, which leaves less room for imagination compared to 
dynamic stories (Lobbestael et al., 2013). Therefore, it was expected that video recording 
is better, as these are not static and expected to make the vignettes more accessible for 
participants with limited reading ability, and that this format makes it more engaging 
(Coccaro, Fanning, Fisher, et al., 2017). Coccaro, Fanning, Fisher, et al. (2017) used their well-
validated Social Information Processing Attribution and Emotional Response Questionnaire 
(SIP-AEQ; Coccaro et al., 2009) as a basis for audio-video clips. Of the seven studies using 
the SIP-AEQ as HAB measurement, six studies found a significant association between 
HAB and aggressive behavior. Whereas the study of Coccaro, Fanning, Fisher, et al. (2017) 
using SIP-AEQ audio-video clips observed a modestly, yet inversed association between 
HAB and aggression. However, watching a videoclip of an actor following the instruction 
“imagine it is you” may be so di¹cult that it hinders personal involvement (de Castro et al., 
2002). A replication study with a larger sample comparing one group with the audio-video 
clips and another group hearing audio clips, will be interesting to more fully understand 
these findings.

4.1. Limitations
One of the main limitations of this systematic review is the large heterogeneity among the 
included studies, especially regarding the samples (e.g., students, o¤enders and people 
with mild to moderate intellectual disabilities). Furthermore, most included studies are 
correlational in nature and therefore determination of causality may not be obtained. 
Consequently, most studies did not correct for potential biases or confounding variable. 
Because of these methodological limitations, evidence on the association between HAB 
and aggression in adults remains preliminary. Besides, in most studies, the association 
between HAB and aggression was not the main research question but part of other research 
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questions in which HAB was measured amongst other variables such as, anger and/or 
impulsivity (e.g., Chen et al., 2012), negative emotional response (Coccaro, Fanning, & Lee, 
2017), aggressive personality (Dill et al., 1997), trait anger (Lim et al., 2011) or narcissism 
(Edwards & Bond, 2012). 

Another limitation is a scarcity of social situations and vignettes to represent various social 
interactions in romantic relationships. While intimate partner violence (IPV) becomes 
increasingly common in early adulthood, most vignettes of the included studies focused 
on social interactions with friends or co-workers (e.g., Coccaro et al., 2009). These findings 
are comparable to the vignettes used in child and adolescent samples that focus most 
o¦ten on peer interactions. Pettit, Lansford, Malone, Dodge, and Bates (2010) designed five 
new vignettes about challenging situations in romantic relationships (e.g., the person your 
girl/boyfriend spend talking to all night at a friend’s party is her/his ex-girl/boyfriend). 
Interestingly, this study took into account distal risk factors (such as harsh parenting) and 
focused on the identification of socialization pathways to adult violence. Results showed 
significant links between experiences of harsh treatment in childhood on the one hand 
and SIP and aggressive behavior in early adulthood on the other hand (Pettit et al., 2010).

4.2. Implications 
While results should be considered preliminary, the present systematic review may 
have some implications for clinical practice. HAB can be viewed as a deficit in assessing 
ambiguous social situations as benign, leading to more aggressive reactions. Therefore, 
we emphasize the need to determine the mechanisms of HAB, and SIP in general, as this 
knowledge may be used in the development of aggression regulation training. Moreover, 
especially individuals with severe aggressive behavior problems (e.g., forensic patients), 
need to become aware of their tendency to interpret ambiguous social situation as hostile. 
When individuals become more aware of HAB, interventions can focus on learning how to 
evaluate ambiguous social situations in a more appropriate manner. 

HAB vignettes can also be used as an alternative treatment-outcome when assessed 
before and a¦ter treatment (Lobbestael et al., 2013). Providing realistic vignettes in which 
the construct that is measured is less obvious than in self-report questionnaires may also 
decrease deliberate overly positive self-reporting of forensic patients (Andrews & Meyer, 
2003). Furthermore, studying cognitive mechanisms such as HAB in aggressive individuals 
may lead to a more adequate prediction of how future aggression is displayed, reactively 
or proactively (Lobbestael et al., 2013). As both types of aggression di¤er in nature, more 
adequate and tailored prevention and treatment programs for aggressive individuals can 
be designed. For example, HAB may be trained specifically in patients with a high level of 
reactive aggression, by using techniques such as reaction time based cognitive retraining 
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tasks and/or cognitive restructuring. This has been done successfully in socially anxious 
individuals by using Coginitive Bias Modification (CBM) to modify interpretation bias (Beard 
& Amir, 2008). Moreover, research with an adolescent sample showed that interventions 
focusing on cognitive biases linked to aggression, such as HAB, are proven to be successful 
in reducing reactive aggression (Guerra  & Slaby, 1990). Finally, in the study of Lobbestael 
et al. (2013), several of the forensic participants reported positive e¤ects of therapies and 
stated that they would interpret ambiguous social situation di¤erently a¦ter they had 
received therapy.

4.3. Conclusion
In conclusion, the present review provided an overview of the existing literature on the 
association between HAB and aggression in adults. Overall, most studies showed a small 
to medium positive association between aggression and HAB in adults. However, due to the 
large heterogeneity and methodological limitations of the included studies, the evidence 
in this systematic review is preliminary. More research on the association between HAB 
and aggression in adults, extending to other components of social information processing, 
is needed. Future studies should apply multi-method (interview, questionnaires, 
and vignettes), multi-informant (self-report and behavioral observation) prospective 
longitudinal study designs to confirm and extend the current findings (Bailey & Ostrov, 
2008). Additionally, more emphasis on HAB and how this is assessed is warranted, as 
knowledge on the (cognitive) mechanisms and associations of aggression can enhance 
the ability to design better aggression trainings. 
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Appendix A - PRISMA - Flow Diagram
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Appendix B - Search May 2017

1. PsycINFO
(DE “Aggressive Behavior” OR DE “Aggressiveness” OR TI aggress* OR AB  aggress*)
AND
(DE “Information Processing Model” OR DE “Social Cognition” OR DE “Social Perception” 
OR DE “Attribution” OR TI “information processing*” OR AB “information processing*”  OR 
TI ((hostil* OR bias*) N8 attribution*) OR AB ((hostil* OR bias*) N8 attribution*) OR TI 
“attribution style” OR TI “ambiguous intention*” OR TI AIHQ ORAB “attribution style” OR 
AB “ambiguous intention*” OR AB AIHQ)
NOT
(((AG childhood OR AG adolescence)  NOT AG adulthood)  OR TI ((child* OR pediatr* OR 
paediatr* OR infan* OR youth OR adolescen*) NOT adult*))
AND
PT peer reviewed journal 

1130 studies May 7th 
http://www.refworks.com/refshare2?site=052251220500800000/301711490644053515/
PsycInfo_May

2. PubMed 
(“Aggression”[Mesh] OR aggress*[tiab])
AND
(Information Processing[tiab] OR social Cognition[tiab] OR Social Perception[tiab] 
OR ((hostil*[tiab] OR bias*[tiab])   AND attribution*[tiab]) OR Attribution style[tiab] OR 
ambiguous intention*[tiab] OR ambiguous situation*[tiab] OR AIHQ[tiab])
NOT
(((“Child”[Mesh] OR “Adolescent”[Mesh]) NOT “Adult”[Mesh]) OR ((child*[ti] OR infan*[ti] OR 
pediatr*[ti] OR paediatr*[ti] OR adolescen*[ti] OR youth[ti]) NOT adult*[ti]))

313 studies May 7th

http://www.refworks.com/refshare2?site=052251220500800000/301711490644053515/
PubMed_May
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3. Web of Science
TS=(“Aggressive” OR “aggression”)
AND
(TS=(“Information Processing” OR “Social Cognition” OR “Social Perception” OR “attribution 
style” OR “ambiguous intentions” OR AIHQ) OR TS= ((hostil* OR bias*) NEAR/8 attribution*))
NOT
TI=((child* OR pediatr* OR paediatr* OR adoles* OR infan* OR youth) NOT adult*)

861 studies May 7th
http://www.refworks.com/refshare2?site=052251220500800000/301711490644053515/
Web%20of%20Science_May

4. EMBASE:
(‘aggression’/de OR ‘aggressiveness’/exp OR aggress*:ab,ti)
AND
(‘Information Process*’ OR ‘social Cognit*’ OR ‘Social Percept*’ OR ((hostil* OR bias*) 
NEXT/8 attribution*) OR ‘attribution style’ OR ‘ambiguous intention*’ OR AIHQ):ab,ti
NOT
((‘juvenile’/exp NOT ‘adult’/exp) OR ((child* OR pediatr* OR paediatr* OR infan* OR 
adolescen* OR youth) NOT adult*):ti)

395 studies May 7th 
http://www.refworks.com/refshare2?site=052251220500800000/301711490644053515/
Embase_May
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Abstract

Background: Many patients residing in forensic psychiatric centers have di¹culties 
regulating their aggression in an adequate manner. Therefore, they are frequently involved 
in conflicts. Evidenced-based aggression therapies in forensic psychiatry are scarce, and 
due to the highly secured environment, it is hard to practice real-life provocations. We have 
developed a Virtual Reality aggression prevention training (VRAPT), providing safe virtual 
environments, in which patients can practice controlling their aggressive behaviors in an 
adequate way. The main objective of this study is to examine whether VRAPT is e¤ective 
in reducing aggression among forensic psychiatric inpatients.

Methods: Four forensic psychiatric centers in the Netherlands are participating in this 
study. Participants will be randomly assigned to either VRAPT or a waiting list. The two 
groups will be compared at several di¤erent time points: baseline (12 weeks before 
intervention), pre-intervention, post-intervention and at 12 weeks follow-up. A¦ter follow-
up measurements are completed, participants from the waiting list will also receive VRAPT. 
The primary outcome is level of aggressive behavior, consisting of sta¤-reported and self-
reported measures. Secondary outcomes are self-report questionnaires on e.g., anger, 
impulsivity and aggression. 

Discussion: To the best of our knowledge this is the first study to examine the e¤ectiveness 
of a VR aggression prevention training in forensic psychiatric centers. Further details on 
the methodological issues are discussed in this paper.

Trial registration: Dutch Trial Register (NTR, TC = 6340). Retrospectively registered 14-04-
2017.
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1. Background

One of the most important issues in working with forensic patients residing in a closed 
institution is preventing and managing aggressive behavior directed towards sta¤ and 
other patients (Novaco & Taylor, 2015). This aggressive behavior not only causes harm 
to sta¤ and fellow patients, but also has consequences for the treatment progress 
and the living environment, resulting in longer periods of mandatory treatment. A 
meta-analysis by Papadopoulos et al. showed that almost 40% of all incidents were 
preceded by sta¤-patient interactions. Examples of sta¤-patient interactions were 
most frequently denying a patient’s request, limiting a patient’s freedom or some 
other restriction (Papadopoulos et al., 2012). The occurrence of incidents in forensic 
psychiatric centers (FPCs) is not surprising, as forensic patients o¦ten have antisocial 
(or other) personality disorders, lack of impulse control, a high degree of impulsivity 
and/or a lack of empathy, all factors that are related to aggression (Bogaerts, Polak, 
Spreen, & Zwets, 2012; Lobbestael, Cima, & Lemmens, 2015). Accordingly, a majority of 
patients staying in FPCs are admitted under the judicial measure TBS-order (in Dutch: 
ter-beschikking-stelling: this translates as ‘detained under hospital order’). ‘Detained 
under hospital order’ means that the court has established a relation between the 
o¤ense committed and a psychiatric disorder (e.g., van Marle, 2002). This order applies 
to serious aggressive o¤enders having severe psychopathology and who are considered 
to be at high risk for re-o¤ending.

1.1. Aggression
Aggression is frequently described as having two dimensions (Bailey & Ostrov, 2008). 
Both dimensions are anchored in the General Aggression Model (GAM; Anderson & 
Bushman, 2002). The GAM is an overarching framework that describes how disruption 
in cognitive and social processes can lead to aggression. The first dimension, form, 
concerns the way aggression is expressed: overt (e.g., physical force) or covert (e.g., 
deliberate manipulation within a relationship). The second dimension, function, relates 
to the intent of the aggressive behavior (Bailey & Ostrov, 2008). Reactive aggression is 
an impulsive and under-controlled outburst of anger as a reaction to a perceived or 
actual threat, provocation or frustration. Proactive aggression refers to a planned or 
premeditated, controlled display of aggression to achieve personal goals for instance 
money or power (Dodge & Coie, 1987; Poulin & Boivin, 2000). Statistical methods 
such as factor analysis can distinguish reactive and proactive aggression. Despite 
this classification, the concept and measurement of aggression remains the object 
of debate (Poulin & Boivin, 2000; Raine et al., 2006). Although individuals can engage 
in both types of aggression, proactive aggression is more o¦ten associated with an 
antisocial and psychopathic personality and with less physiological arousal. Reactive 
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aggression is more commonly related to problems in social information processing; 
impulsive, anxious or aggressive personality types; and high physiological arousal 
(Cima & Raine, 2009; Scarpa, Tanaka, & Haden, 2008). 

With regard to the severity and the unpredictable nature of reactive aggression, it is argued 
that reactive aggression increases the risk of victimization of sta¤ and fellow patients 
(Steadham & Rogers, 2013). Therefore, it is important that e¤ective and early interventions 
focusing on reactive aggression should be top priority for forensic facilities. A systematic 
review by Ross et al. showed a significant reduction of physically aggressive behavior 
following an intervention, thereby demonstrating tentative support for the hypothesis 
that interventions have a positive e¤ect on the reduction of aggressive behavior (Ross, 
Quayle, Newman, & Tansey, 2013). Ross et al. discussed research on psychotherapeutic 
interventions (e.g., Cognitive Behavioral Therapy) for aggressive and violent behavior 
in forensic populations. Nevertheless, quality assessments of studies included in this 
review revealed that there were several methodological flaws; overall, most studies were 
of average quality and none of them included a power analysis (Ross et al., 2013). 

1.2. Virtual Reality in forensic psychiatry 
Recently, a few studies have examined the use of Virtual Reality (VR) with forensic 
populations (e.g., Benbouriche, Nolet, Trottier, & Renaud, 2014), however none of these 
studies concerned interventions for aggression regulation. Given the positive results from 
intervention research in other psychiatric disorders, such as social anxiety and PTSD (for a 
review see Valmaggia, Latif, Kempton, & Rus-Calafell, 2016), we suggest that VR could also 
be used for gradual exposure of forensic patients to controlled, provocative virtual social 
situations. VR exposure can be used to elicit psychological, physiological and behavioral 
defensive or aggressive responses, to practice new behavior and to test if patients are 
increasingly able to control their own and others’ aggression. 

A Virtual Reality Aggression Prevention Training (VRAPT) was designed to create a computer 
based simulation that shows a virtual environment in which patients are confronted 
with behaviors and experiences of avatars in social situations. VRAPT is based on the 
Social Information Processing (SIP) model (Crick & Dodge, 1994). The rationale of the SIP 
model is the concept that severe reactive aggression problems are due to problems in 
social information processing. In VRAPT, the VR components follow the di¤erent steps 
of the SIP model (i.e., encoding, interpretation, goal clarification, response generation, 
response selection and enactment). These steps as applied in the VRAPT are explained 
in more detail under heading: “Virtual Reality aggression prevention training (VRAPT)”. 
Furthermore, the VR environments include visual and auditory data and are viewed through 
stereoscopic glasses. The mechanism of VRAPT is that the patient can engage and practice 
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in de-escalating behavior in interaction with the virtual characters. Practicing allows the 
patient to learn to recognize imminent aggression of others or himself and to gain control 
over aggressive impulses. We hypothesize that VRAPT will contribute significantly to the 
reduction of aggression. Thus leading to reduced aggression both inside and outside FPCs.

1.3. Research aims
The main objective of this study is to investigate the e¤ectiveness of VRAPT in the reduction 
of reactive aggression in forensic psychiatric inpatients in four Dutch forensic psychiatric 
centers (FPCs). The primary outcome measure is the level of aggressive behavior, measured 
by sta¤-report and a self-report questionnaire. It is expected that both sta¤-observed and 
self-reported aggressive behavior will decrease a¦ter completion of VRAPT compared to 
being on the waiting list, and that di¤erences will be maintained a¦ter a 12-week follow-
up period. Secondary outcome measures are participant’s self-reported rates of anger, 
impulsivity, hostility, physiological arousal, and coping. As all these di¤erent components 
are contributing to the way a patient reacts to provocation of others.
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2. Design/methods

2.1. Design
The study is a single blind randomized controlled trial (RCT) with two conditions: (I) the 
VRAPT condition, in which participants receive the VR training in addition to treatment as 
usual (TAU) and (II) the waiting list. Participants on the waiting list receive TAU only and 
are placed on a waiting list to receive VRAPT a¦ter the follow-up measurements have been 
completed. Participants in both conditions are not allowed to participate in any other 
therapies or trainings specifically focusing on aggression regulation during the research 
period. The two conditions are compared at four di¤erent periods in time. First, a period 
of 12 weeks sta¤ observations before intervention (baseline), pre-intervention (T1), post-
intervention (T2), and a¦ter 12 weeks of sta¤ observations a follow-up (T3). The waiting list 
is o¤ered VRAPT a¦ter the end of T3.

2.2. Participants
All patients exhibiting reactive aggression while residing in the participating FPCs, and are 
considered eligible a¦ter checking the inclusion and exclusion criteria, will be asked to 
participate (see sample size calculation). The four Dutch FPCs taking part are: FPC Dr. S. van 
Mesdag, located in Groningen; FPC de Kijvelanden, located in Poortugaal; FPC Pompestichting, 
located in Nijmegen; FPC de Rooyse Wissel, located in Oostrum. A¦ter being informed with an 
information letter, written informed consent is obtained from each participant.

2.3.1. Inclusion criteria 
Participants are forensic psychiatric patients between age 18 – 65 referred by their 
treatment supervisor and/or clinical team for aggression training on the basis of pre-
admission history of aggression and current problems with reactive aggression. All DSM-5 
diagnoses are included and there are no restrictions with regard to (history of) substance 
use disorders. 

2.3.2. Exclusion criteria 
Exclusion criteria are inability to speak and read Dutch, epilepsy, or mental retardation 
meaning an IQ below 70. In case the documented IQ is below 70, but the treatment 
supervisors indicate that the IQ measurement is not representative for the current state 
of intellectual functioning, these patients can still be included as participants. 

2.4. Power and sample size calculation
There is no previous research using VR aggression regulation training in patient forensic 
populations based on which an e¤ect size could be estimated. Conventional aggression 
regulation therapy in such settings has an e¤ect size of around 0.3 (McGuire, 2008). An 
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e¤ect size of 0.5 is considered as moderate. Using this e¤ect size with a β-power of 
.80, alpha of .05 and an independent two-sided t-test to evaluate the main outcome, 64 
subjects are required in each condition, total N=128.

2.5. Materials
An overview of the materials of the study is displayed in Table 1.

Table 1. Overview of assessments

Instrument 12-week 
observa-
tion 
(baseline)

Pre-inter-
vention

During 
inter-
vention / 
waiting list

Post-
inter-
vention

12-week 
obser-
vation

Follow-up

SDAS X X X

AVL X X X

CTQ-SF X

NAS-PI X X X

STAXI-2 X X X

BIS-11 X X X

BDHI-D X X X

RPQ X X X

HIBT X X X

IPQ X

Interview 
(VRAPT only)

X

Note. SDAS Social Dysfunction and Aggression Scale AVL Aggression Questionnaire CTQ-SF Childhood 
Trauma Questionnaire – Short Form NAS-PI Novaco Anger Scale and Provocation Inventory STAXI-2 
State-Trait Anger Expression Inventory-2 BIS-11 Barratt Impulsiveness Scale BDHI-D Buss-Durkee 
Hostility Inventory-Dutch RPQ Reactive Proactive Questionnaire HIBT Hostile Intepretation Bias Task 
IPQ I-Group Presence Questionnaire.

2.6. Virtual Reality aggression prevention training (VRAPT)
VRAPT consists of 16-biweekly individual training sessions. The VR training protocol 
is primarily based on the theory of Social Information Processing (SIP; Crick & Dodge, 
1994). The SIP model is associated with the General Aggression Model (GAM; Anderson & 
Bushman, 2002). The GAM predicts that aggressive reactions are o¦ten both reactive and 
proactive. As described earlier, VRAPT only covers reactive aggression and therefore we 
focus on the SIP model.
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It is stated that severe reactive aggression problems are caused and remained because of 
disturbed information processing (Crick & Dodge, 1994). Social information processing is 
a fast and automatic process, involving six di¤erent steps that are showed in figure 1. This 
is a simplified version of the original SIP model by Crick and Dodge, so it can also be used 
as a theoretical model for participants. We transformed the six steps of the model into 
six questions that can be asked to the participants in di¤erent sessions. 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.

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

In the interactive three-dimensional virtual environment, participants have the opportunity 
to practice new behavior with virtual characters and learning to cope with their own 
aggressive behavior in an adequate manner. An example of the virtual environment is 
displayed in Figure 2. Each step of the SIP model is first practiced separately in VRAPT. 
Examples include an exercise on recognition of others’ facial emotions (i.e., what is going 
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on?); rating the level of aggression of virtual character’s behaviors (i.e., what does this 
mean?); reacting in a sub-assertive manner while being provoked (i.e., how can I react 
to this?). In the last part of the VRAPT the di¤erent exercises will be integrated in more 
challenging interactive virtual role-plays. Di¤erent interactive provocative social scenarios 
were designed during an iterative process with so¦tware engineers, VR experts, clinicians, 
and researchers. The primary focus of these provocative social scenarios is teaching 
participants to cope with their reactive aggression in an adequate manner. 

Figure 2. Impression of the virtual environment

During the VRAPT sessions, participants wear headphones and a head-mounted display 
while interacting with a virtual character that is controlled by the trainer. The trainer takes 
the role of the virtual character using a microphone with voice distortion for speech, and 
also manually controlling facial emotion expression and body movements of the virtual 
character. This highly dynamic interactive nature of the VR system means VRAPT can be 
tailored to the specific needs of the participants, and participants have the opportunity 
to practice with their own learning goals and di¹culties. Additionally, real-time galvanic 
skin response (GSR) and heart rate (HR) will be measured as feedback for participants on 
their physical arousal during the sessions. Furthermore, trainers will stimulate participants 
to continue applying novel behavior they have learnt in VR. At all times the trainer is in 
control of the virtual environment and is able to immediately change and/or stop the 
virtual environment if necessary.
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2.7. Waiting list (control condition)
Participants in both the VRAPT and waiting list condition receive standard treatment including: 
supportive counseling by treatment sta¤, medication and psychological treatment only if it 
is not directly focused on aggression regulation (allowed e.g., schema therapy, Liberman 
training, and treatment for addiction problems). Because randomization is on individual 
level, participants in both conditions may be residing on the same ward and therefore both 
conditions have access to the same treatment facilities.

2.8. Fidelity checks
The VRAPT protocol is designed as guidance for the trainers and to ensure treatment integrity. 
Each session in the protocol follows the same format: short discussion of previous session, 
clarification of the step of the SIP model, conversation about the VR assessment, technical 
guidance and each session ends with an evaluation of the learning goals. Besides, VRAPT-
trainers receive 16 hours of training in using the VRAPT system and the protocol. The training 
is provided by the first and third author, respectively the researcher and a highly skilled 
psychologist. In addition to this training, monthly one-hour group multicenter videoconference 
supervision serves to guide the trainers throughout the intervention period and is facilitated by 
one of the two clinical experts; the third and last author. Furthermore, during the intervention, 
trainers are required to complete session forms, which are checked for completeness by the 
research assistant a¦terwards. Finally, at two di¤erent moments during the VRAPT sessions, 
trainers have to send their learning goals to a highly skilled clinician within their own 
organization for feedback.

2.9. Measurement instruments 
2.9.1. Primary outcome
Level of aggressive behaviour
Primary outcome measure is level of aggressive behaviour. Self-report questionnaires and 
sta¤-reports are used to assess the e¤ectiveness of VRAPT, because the perspectives of 
patients and sta¤ represent distinct but complementary measures of aggressive behaviour. 

2.9.1.1. The Social Dysfunction and Aggression Scale (SDAS) Sta¤ is trained and asked to 
complete the Social Dysfunction and Aggression Scale (SDAS; Kobes, Nijman, & Bulten, 2012; 
Wistedt et al., 1990) weekly for each patient meeting the inclusion criteria and signed informed 
consent, to document the aggressive state of patients. SDAS data is collected at least 12 weeks 
before VRAPT starts. The SDAS provides systematic recording of sta¤ observations on a broad 
range of aggressive behaviour on a weekly basis. In this research, the 9-item version was 
chosen. Illustrative examples are: irritability, e.g., di¹culty controlling reactions; negativism, 
e.g., not wanting to cooperate; directed verbal aggressiveness, e.g., insulting people personally. 
All 9 items are scored along a 4-point scale ranging from absent to severely present. 
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In the current study, the Dutch SDAS manual of Bousardt is used. As described in this manual, 
for each of the items a general and peak score can be scored (Bousardt, Hoogendoorn, 
Noorthoorn, Hummelen, & Nijman, 2016). In this way, each SDAS item is scored twice, 
first on the most severe aggressive behaviour (peak), and second on average level of 
aggressive behaviour. SDAS scores of participants in the VRAPT condition (intervention 
group) will be compared with the SDAS scores of participants on the waiting list (control 
group). Psychometric properties of the Dutch version of the SDAS are moderate inter-rater 
reliability and good convergent validity in a FPC (Cronbach’s α (11 items) = .82; Kobes et 
al., 2012). 

2.9.1.2. Aggression Questionnaire (AVL) In addition, participants are asked to the Dutch 
version of the Aggression Questionnaire (AVL; Meesters, Muris, Bosma, Schouten, & 
Beuving, 1996) at three di¤erent measuring points: pre-intervention (T1), post-intervention 
(T2), and 12-week follow-up (T3). This questionnaire assesses four sub traits of aggression, 
i.e., physical aggression, verbal aggression, anger and hostility (Buss & Perry, 1992). The 
test–retest reliability of the AQ total scores were good and validity showed significant 
correlations with alternative aggression measurements. A Dutch study showed good 
internal consistency (Cronbach’s α (total, inpatients) = .83; Hornsveld, Muris, Kraaimaat, 
& Meesters, 2009).

2.9.2. Secondary outcome measures
Components of the SIP model are used as secondary outcomes and are assessed with 
diverse self-report questionnaires. 

2.9.2.1. Child Trauma Questionnaire-Short Form (CTQ-SF) The Child Trauma Questionnaire-
Short Form (CTQ-SF; Bernstein et al., 2003) is used to measure childhood neglect 
and abuse, which are predictive factors for victimization and being a perpetrator in 
adulthood (Kamperman et al., 2014). Moreover, male prisoners scoring high on the CTQ-
SF were significantly more o¦ten involved in violent behaviour during their stay in prison 
(Sarchiapone, Carli, Cuomo, Marchetti, & Roy, 2009). The Dutch version of the CTQ-SF 
demonstrated adequate internal consistency reliability in a large community sample 
including amongst other patient groups forensic patients and prisoners (Cronbach’s α ≥ 
.63; Thombs, Bernstein, Lobbestael, & Arntz, 2009).

2.9.2.2. Barratt Impulsiveness Scale (BIS-11) The Barratt Impulsiveness Scale (BIS-
11; Patton, Stanford, & Barratt, 1995) is a 30-item measurement used to study the role 
of impulse control (Reise, Moore, Sabb, Brown, & London, 2013). The BIS-11 has three 
subscales, namely: attentional impulsiveness, non-planning impulsiveness, and motor 
impulsiveness. A study showed that the BIS-11 is sensitive to di¤erent levels of aggression 
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(Smith, Waterman, & Ward, 2006); non-violent o¤enders scored lower on the BIS-11 than 
their violent counterparts (Cronbach’s α = .81; Goudriaan, Oosterlaan, De Beurs, & Van Den 
Brink, 2008).

2.9.2.3. Buss-Durkee Hostility Inventory-Dutch (BDHI-D) The Buss-Durkee Hostility 
Inventory-Dutch (BDHI-D; Lange, Hoogendoorn, Wiederspahn, & de Beurs, 1995) is used 
to measure two factors of aggression: covert or indirect aggression (20 items) and overt 
or direct aggression (20 items), and is rated on a ‘true’- ‘not true’ dichotomous scale 
(Lange, Pahlich, et al., 1995). The combination of verbal and physical aggression represents 
direct aggression, whereas hostility and anger are the core concepts of indirect aggression 
(Cronbach’s α (Overt Aggression) = .77, α (Covert Aggression) = .79; Lange, Pahlich, et al., 
1995).

2.9.2.4. Novaco Anger Scale and Provocation Inventory (NAS-PI) The Novaco Anger Scale 
and Provocation Inventory (NAS-PI; Hornsveld, Muris, & Kraaimaat, 2011) is a two-part 
test of 73 items designed to assess anger as a problem of psychological functioning and 
physical health and to assess therapeutic change (Hornsveld et al., 2011). In Dutch forensic 
psychiatric patient samples, the internal consistency of the NAS-PI is excellent (Cronbach’s 
α (NAS, total) ≥ .92, α (PI, inpatients) = .90). Furthermore, in a forensic outpatient sample 
the test-retest reliability was good (Hornsveld et al., 2011).

2.9.2.5. State-Trait Anger Expression Inventory-2 (STAXI-2) The State-Trait Anger 
Expression Inventory-2 (STAXI-2; Hovens, Lievaart, & Rodenburg, 2014) is used to measure 
the experience, expression, and control of anger. The STAXI-2 is a 57-item measure with 
scales developed to assess anger on three di¤erent scales: 1) state anger scale, this is 
situational anger; 2) trait anger scale, this is a dispositional characteristic, and 3) anger 
expression scale, this is the expression of anger (Spielberger & Sydeman, 1994). The Dutch 
version of the STAXI-2 has adequate psychometric properties (Cronbach’s α ≥ .71; Lievaart, 
Franken, & Hovens, 2016).

2.9.2.6. Reactive-Proactive Questionnaire (RPQ) is a self-report of aggression that is not 
restricted to a short period of time. The RPQ is a questionnaire in which the person is 
asked about the reasons and the type of aggressive behaviour and refers to this behaviour 
in general (Domburgh & Popma, 2003). The RPQ has an excellent internal consistency 
(Cronbach’s α .91; Cima, Raine, Meesters, & Popma, 2013).

2.9.2.7. Hostile Interpretation Bias Task (HIBT) is a 10-minute computer task to measure 
hostile interpretation of ambiguous facial expressions of emotions (Smeijers, Rinck, Bulten, 
van den Heuvel, & Verkes, 2017).
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2.9.2.8. I-Group Presence Questionnaire The Igroup Presence Questionnaire (IPQ) is used 
to measure sense of presence in the virtual environment. The IPQ consists of 14 items, 
responses are made on a 7-point Likert scale, and it has demonstrated good psychometric 
properties (Schubert, Friedmann, & Regenbrecht, 2001).

2.9.2.9. Interview At follow-up, patients in the VRAPT condition will be interviewed by the 
research assistant to assess their own opinion about VRAPT. Questions such as: “how 
did VRAPT contribute to your personal aggression management?” will be asked. This will 
contribute to the secondary outcome measures, as specific questions about VRAPT can be 
asked in addition to the self-report questionnaires. 

All patients with reactive 
aggression problems 

Allocation 

Follow-up 

Informed consent, randomisation and start of 
12-week baseline SDAS 

Enrollment 

Screening for eligibility and information letter 

Allocated to waiting list Allocated to VRAPT 

T1 

T2 

T3  
& interview 

 

T1 

T2 

T3 

VRAPT 

Figure 3. CONSORT Flow Diagram
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2.10. Procedure 
All patients are screened by their treatment supervisors based on the in- and exclusion 
criteria. Patients who meet inclusion criteria are invited by an independent research 
assistant to participate, and receive an information letter (Figure 3). Patients have one 
week to consider participation, a¦ter which written informed consent is obtained. Next, 
participants are randomly allocated to either VRAPT or waiting list condition and areed 
with the SDAS by sta¤ for aggression on a weekly basis during 12 weeks before start 
of the intervention until the end of the follow-up. Before the intervention starts, pre-
intervention measures are obtained (see Table 1). During 10 out of 16 sessions of VRAPT 
physiological measures of emotional arousal (i.e., heart rate and galvanic skin response) 
are measured. VRAPT consists of 16 bi-weekly individual sessions with a maximum duration 
of 60 minutes per session. The participants in the control condition will be placed on a 
waiting list. They will have the same assessments as the VRAPT group, i.e., the 32-weeks 
SDAS, pre-intervention, post-intervention and follow-up measurements. They will receive 
VRAPT a¦ter the last follow-up measurement. During the study period, for both conditions, 
treatment as usual will proceed, except for specific anger or aggression management 
therapy. During the intervention, aggression keeps being monitored with the SDAS by 
sta¤ working on the ward. A¦ter the last session of the intervention, pre-intervention self-
report measures are repeated in all participants, guided by assessors who are blinded 
for treatment allocation. During 12 weeks a¦ter end of the intervention, participants keep 
being monitored for aggressive behavior. Twelve weeks a¦ter the last session, self-report 
measures are repeated again. 

2.11. Randomization
Participants will be randomly assigned to one of two conditions: VRAPT or waiting list. 
Randomization is conducted via a scientific randomization program on the Internet (http://
www.randomizer.org), by the research coordinator of the Department of Psychiatry from the 
University Medical Center Groningen. Twenty-two sets consisting of two unique numbers 
are made available for each participating FPC. Research assistants are informed about 
the randomization by e-mail and communicate the condition verbally to the participants 
and the clinical teams.

2.12. Statistical analysis
Analysis of the data will be conducted according to the intention to treat principle (Altman 
et al., 2001). The result of randomization will be checked by comparing baseline socio-
demographic and clinical parameters between VRAPT and the waiting list condition, using 
univariate analyses (chi-square tests for dichotomous measures and t-tests for continuous 
measures). Di¤erences in scores between pre-intervention, post-intervention and follow-
up assessments and between intervention and control group will be examined for the 
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dependent variables, using multilevel (repeated-measures) random linear regression 
analysis. Primary outcome measure is peak and general score as measured with the 
SDAS and self-report aggression measurement of participants. The SDAS and self-report 
measurement will be compared between VRAPT and waiting list, before, during and a¦ter 
VRAPT or waiting list. E¤ects of VRAPT will be tested with group x time interaction terms. 
Risk factors for aggression will be used as covariates in the linear regression models. 
Significance of fixed e¤ects are assessed by Likelihood Ratio tests. Statistical significance 
of the regression e¤ects will be tested using T-tests. In all analyses, a p-value < .05 will be 
considered statistically significant.
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3. Discussion 

The main goal of this study is to investigate the e¤ectiveness of VRAPT on reactive 
aggressive behavior of forensic psychiatric inpatients. This study will be the first to evaluate 
the e¤ectiveness of a VR intervention targeted at reducing reactive aggressive behavior 
of forensic patients. The hypothesis of the study is that VRAPT will decrease both self-
reported and sta¤-reported aggressive behavior. 

Inpatient aggressive behavior is a predictor for future aggression in society, because 
inpatient aggression is related to non-compliance, higher treatment dropout, and more 
personality disorders (Jeandarme et al., 2016). Current interventions focusing on the 
reduction of aggressive behavior have several limitations (McGuire, 2008). First, exposure to 
provocation in highly secured forensic settings is limited. Thus, it is not possible to practice 
and train forensic patients to control the anger of others and themselves by provoking 
them in real life social situations. Second, social skill training to prevent aggression by 
others is limited, and is usually practiced only in treatment groups and role play. Third, 
engaging forensic patients in treatment is challenging. Attrition is high, as many of them 
do not like treatment, and/or find it di¹cult to apply cognitive therapeutic insights. Fourth, 
it is di¹cult to evaluate objectively and reliably to what extent patients have learnt to 
regulate their aggressive impulses, which makes forensic risk assessment complicated.

Addressing the previously listed limitations, VRAPT has several advantages. First, patients 
can have the opportunity to practice with di¹cult behavior and additionally gain tools 
to cope with aggression, instead of leaving the situation or avoiding angry emotions. 
Second, VR is an interactive tool that allows trainers to provoke and trigger aggression 
during the training. O¦ten this is described as a di¹cult aspect by trainers, however, with 
VRAPT the trainers feel safer in provoking participants, as the participant faces the virtual 
character and the trainer’s voice is transformed. This also works the other way around: 
because the trainer ‘plays’ as the virtual character, it is safer for the participant to express 
his aggression without worrying about the therapeutic relationship. Third, VRAPT is an 
experiential, behavioral training, focusing on practicing behavior and not necessarily 
on gaining cognitive therapeutic insights. Fourth, objective and reliable assessment of 
aggression in real life situations on treatment wards is di¹cult. Therefore, in the VRAPT 
real-time measurements of physiological arousal are included. These measurements 
help to gain more insight into arousal of the patients. Moreover, not only self-report 
measurements, but also sta¤ observations are recorded. All these aspects are of specific 
importance because forensic psychiatric patients are at an increased risk of behaving in 
an aggressive manner.
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From a broader perspective, this study will shed light on the e¤ectiveness of VR interventions 
in forensic populations. If proven to be e¤ective, VRAPT could be a useful addition to current 
interventions in forensic psychiatry and be implemented in other forensic psychiatric 
centers, especially as evidence based interventions to reduce aggressive behavior are 
scarce (Ross et al., 2013). In addition, reducing aggression of forensic patients is of great 
importance for patients, but also for sta¤ working in forensic psychiatric centers, as many 
fellow patients and treatment sta¤ are victimized by aggression of forensic patients. 
Because patients can practice safely with di¹cult situations that they can expect to be 
confronted with in the outside world, VRAPT may be an important contribution to the 
preparation for reintegration into society. Thus VRAPT is expected to lead to improvement 
of psychological, social and emotional well-being of patients and treatment sta¤. 
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Abstract

Understanding the underlying mechanisms of aggressive behavior is important for the 
treatment of forensic psychiatric inpatients. Overarching theoretical models of aggression, 
such as the Social Information Processing (SIP) model, have remained largely untested 
in adult samples. The purpose of this study was to examine how the SIP model predicts 
reactive and proactive aggression. The sample consisted of 116 male forensic psychiatric 
inpatients. Di¤erent measures were used to assess the SIP steps: hostile interpretation bias 
task (HIBT; encoding and attribution), Provocation Inventory (PI; clarifying goals), Barratt 
Impulsiveness Scale (BIS; response generation and response evaluation) and Childhood 
Trauma Questionnaire (CTQ; ‘database’). Linear regression analyses showed that childhood 
trauma, provocation sensitivity and impulsivity predicted both types of aggression. HIB was 
associated with reactive, but not with proactive aggression. Only one moderating e¤ect of 
childhood trauma was found, for hostility biases on proactive aggression. In an exploratory 
backward linear regression model, provocation sensitivity and impulsivity were the best 
predictors of reactive aggression. Proactive aggression was best predicted by impulsivity, 
childhood trauma and interaction between hostile attribution bias and childhood trauma. 
The results add to the evidence that the SIP-steps contribute to aggressive behavior, and 
suggest di¤erent mechanisms of reactive and proactive aggression. 
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1. Introduction

Aggression is a large societal problem with serious (mental) health and economic 
consequences. Understanding underlying mechanisms of aggression is important to 
gain insights why and how external stimuli can lead to anger and aggressive behavior, 
and to design adequate aggression prevention trainings (Kunst, Winkel, & Bogaerts, 
2010). In the past two decades, the introduction of the Social Information Processing 
(SIP) theory has provided more insights in understanding automatic cognitive processes 
related to aggressive behavior. The SIP model states that behavior occurs because of an 
interplay between predetermined influences (past experiences and memories), personal 
characteristics, emotions and external social information. The SIP model assumes that 
social behavior is preceded by six steps: encoding, attribution, goal clarification, response 
generation, response evaluation and behavioral enactment (Crick & Dodge, 1994). Disturbed 
social information processing patterns in one or more of these steps can ultimately lead 
to aggressive behavior.

Within the first two steps - encoding and attribution - of the SIP model, facial cues play 
an important role. A problem of disturbed social perceptions is the inability of some 
individuals to distinguish between hostile and non-hostile intentions of others. This 
tendency to attribute hostile intent to others, especially when ambiguous social behavior 
of others is interpreted as intentionally aggressive, is called ‘Hostile Attribution Bias’ (HAB; 
for a review see Klein Tuente, Bogaerts, & Veling, 2019). A related concept, o¦ten used 
interchangeably with HAB, is Hostile Interpretation Bias (HIB). HIB is an a-priori tendency 
to interpret the behavior of others as hostile when social stimuli are ambiguous. For 
instance, aggressive individuals falsely interpret ambiguous emotional facial expressions 
as hostile (e.g., Smeijers, Rinck, Bulten, van den Heuvel, & Verkes, 2017). Higher levels of 
HIB and HAB are associated with higher levels of aggressive behavior (e.g., Bushman, 2016; 
de Castro, Veerman, Koops, Bosch, & Monshouwer, 2002; Dodge, 2006; Klein Tuente et al., 
2019). So, aggressive individuals can be more attentive to hostile cues, which can reinforce 
the misinterpretation of the behavior of others as aggressive or threatening what can 
result in aggressive responses. 

The third step of the SIP model - clarifying goals - is considered as the desired outcome 
someone aims to achieve in a given social situation (Dodge, 1986). Although this step 
is less studied than the first two, a study found preliminary evidence that underlying 
expectations and motivations di¤er between aggressive and non-aggressive individuals 
(Pert & Jahoda, 2008). Emotions can energize these goals, e.g., angry and aggressive 
individuals are more likely to opt for an instrumental goal, whereas individuals feeling 
happy more o¦ten select social or pleasant goals (Lemerise & Arsenio, 2000). Negative 
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emotional and situational stimuli influence someone’s internal state, fueling physiological 
arousal, angry a¤ect and aggressive cognitions (Barlett, Witkower, Mancini, & Saleem, 2016). 
These interactions influence goal selection and decision processes. For instance, being in 
a provoking situation activates a heightened internal state in which an individual is likely 
to interpret behavior as hostile and reacts aggressively (Barlett et al., 2016). 

In the SIP steps four and five - response generation and response evaluation - possible 
responses to social situations are accessed and evaluated. The response that matches the 
goals is selected. Individuals who have a tendency to respond aggressively will generate a 
larger proportion of aggressive responses. In these steps, impulsivity is important, because 
many decisions are prompt. Impulsivity can be a dysfunctional trait, as it is associated 
with behavior that is performed with limited or insu¹cient forethought (Evenden, 1999), 
which can have harmful, or even criminal consequences (Verdejo-García, Lawrence, & Clark, 
2008). Impulsive behavior is characterized by disinhibiting cognitive control, and lacks 
conscious deliberation of one’s behavior (Nielsen et al., 2012). Therefore, it is expected that 
high impulsivity may cause a deficit in response generation and decision. 

In the final step of the SIP model - behavior enactment – the actual behavior is enacted, 
based on selected goal and generated response (Crick & Dodge, 1994). In the light of 
aggressive behavior, this enactment can either be reactive or proactive. Reactive aggression 
is an under-controlled and impulsive outburst of anger as a reaction to an actual (or 
perceived) threat, frustration or provocation. Proactive aggression, refers to a premeditated 
and well-planned display of aggression, mostly to achieve a personal goal, i.e., money or 
power (Crick & Dodge, 1996; Dodge & Coie, 1987; Poulin & Boivin, 2000). Due to the di¤erent 
underlying nature and goals of reactive and proactive aggression, it is expected that these 
types are related to di¤erent steps of the SIP model.

Besides these six steps, there is a so called ‘database’, located in the center of the SIP 
model, influencing the di¤erent SIP steps. Past experiences, emotions and thoughts are 
stored in a ‘database’, and become activated when similar experiences occur (Crick & 
Dodge, 1994; Lemerise & Arsenio, 2000). Because this ‘database’ is di¤erent for each 
individual, the social information processing of a situation di¤ers between individuals 
leading to a broad variety of responses (van Nieuwenhuijzen et al., 2006). Childhood 
traumatic experiences, such as violence and abuse can cause disturbed information 
processing patterns with the result that someone reacts inappropriately with aggressive 
behavior. Dodge, Bates, and Pettit (1990) found that negative experiences in early childhood 
can lead to aggressive behavior in childhood and adulthood. Male prisoners with a history 
of childhood trauma were more o¦ten involved in violent fights than prisoners without 
a childhood trauma (Sarchiapone, Carli, Cuomo, Marchetti, & Roy, 2009). Another study 
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showed that violent o¤enders with an anti-social personality disorder and psychopathy 
reported more childhood physical abuse than non-o¤enders and violent o¤enders without 
psychopathy. Furthermore, reactive aggression was related to childhood physical abuse 
(Kolla et al., 2013). 

Although the SIP model may be important for unraveling and influencing mechanisms of 
aggression, this model is hardly studied in adult populations (Bowen, Roberts, & Kocian, 
2016; Coccaro, Noblett, & McCloskey, 2009). For instance, in order to develop more e¤ective 
interventions, it is necessary to understand how distal risk factors (e.g., experiencing 
trauma and/or abuse as a child) are related to more proximal processes (e.g., cognitive 
and emotional processes), as these factors may contribute to the persistency of aggressive 
behavior in adults (Dodge & Pettit, 2003). It is currently unclear to what extent the six 
SIP steps are related to aggressive behavior in adults (Bowen et al., 2016). Research on 
this topic in severely aggressive groups, such as forensic psychiatric inpatients is lacking. 
Therefore, the aim of this study was to investigate associations between SIP steps and 
aggression in a forensic psychiatric male inpatient population. 

In this study, we hypothesized that 
(i) the SIP steps - i.e., hostile interpretation bias (encoding and attribution), sensitivity for 

provocation (clarification of goals), impulsivity (response generation and evaluation), 
and childhood trauma (‘database’) – are associated with reactive and proactive 
aggression;

(ii) childhood trauma moderates the e¤ects of the SIP steps and aggression;
(iii) all SIP steps and childhood trauma contribute to the best predictive model of 

aggression. 
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2. Materials and methods

2.1. Participants and procedure
The study sample was recruited for a Randomized Controlled Trial (RCT) of the 
e¤ectiveness of Virtual Reality Aggression Prevention Training (VRAPT; Klein Tuente, 
Bogaerts, IJzendoorn, & Veling, 2018). One hundred and sixteen male forensic 
psychiatric inpatients were recruited at four Forensic Psychiatric Centers (FPCs) in 
The Netherlands: FPC Dr. S. van Mesdag, Groningen; FPC de Kijvelanden, Poortugaal; 
FPC Pompestichting, Nijmegen, and FPC de Rooyse Wissel, Oostrum. All patients were 
admitted under the judicial measure TBS-order (in Dutch: ter-beschikking-stelling: 
this translates as ‘detained under hospital order’). ‘Detained under hospital order’ 
means that the court has established a relation between the o¤ense committed and 
a psychiatric disorder (e.g., van Marle, 2002). This order applies to serious aggressive 
o¤enders who have committed a crime with a prison sentence of at least four years 
and are su¤ering from severe mental illness. 

Most participants were diagnosed with a cluster B personality disorder according 
to the Diagnostic and Statistical Manual (DSM) of psychiatric disorders (42%), or a 
personality disorder not otherwise specified (33%). Substance abuse and dependence 
were also common (respectively 35% and 46%), as well as psychotic disorders (29%). 
The mean age of the participants was 38.5 (SD = 10; 22-67) years. Whereas the diagnostic 
heterogeneity of the sample was substantial, all participants were referred to the 
study because of aggression regulation problems according to the clinical team and 
treatment supervisor. 

Forensic psychiatric inpatients were eligible to participate in the study if they were 
at least 18 years old, and referred by their clinical and/or treatment supervisor for 
aggression regulation training. All DSM-5 diagnoses were eligible and there were 
no restrictions with regard to (history of ) substance use disorders. Subjects were 
excluded if they had an inability to speak and/or read Dutch, had epilepsy, or mental 
retardation, defined as an estimated IQ below 70. All patients received an information 
letter and were also verbally informed about the study. Thereupon, patients were 
asked for their active and written consent to participate in the research. A¦ter informed 
consent was signed, participants completed self-report questionnaires, and a¦ter that, 
they performed the Hostile Interpretation Bias Task (HIBT; Smeijers et al., 2017) on a 
computer, both under supervision of a research assistant. The protocol of this study 
was approved by the medical ethical board of the University Medical Centre Groningen 
(number: NL52939.042.15). 
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2.2. Measures
2.2.1. Behavior Enactment: Self-reported aggression. To assess the level of reactive and 
proactive aggression, the Dutch Version of the Reactive–Proactive Aggression Questionnaire 
(RPQ; Domburgh & Popma, 2003) was used. This self-report questionnaire consists of 23 
items: 11 items measure reactive aggression, and 12 items measure proactive aggression. 
The items were rated on a three point scale: 0 (never), 1 (sometimes), or 2 (o¦ten). The 
RPQ is a self-report to measure two dimensions of aggression. In this questionnaire, the 
participant was asked about the reasons and the type of aggressive behavior and referred 
to this behavior in general. In this study, the RPQ has an excellent internal consistency 
(Cronbach’s α = 0.92).

2.2.2. SIP Predictors of aggression
2.2.2.1. Encoding and Interpreting Cues. The encoding and interpreting cues steps were 
assessed with the Hostile Interpretation Bias Task (HIBT) (Smeijers et al., 2017). This is 
a 10-minute computer task used to measure hostile interpretation of ambiguous facial 
expressions. Colored photos of four male and female faces with emotional a¤ect (i.e., 
anger, happy, fear, disgust) were selected from the Radboud Faces Database (Langner 
et al., 2010). These photos were morphed (using WinMorph 3.01) creating 20%, 40%, 60%, 
80%, and 100% emotion intensity. Participants were asked whether the emotional a¤ect 
was hostile or not, as quickly as possible (for a detailed description, see Smeijers et al., 
2017). The HIBT consists of four subscales: HIB angry faces, HIB happy faces, HIB fearful 
faces, HIB disgusted faces. For this study we calculated a total score of HIB by summing 
the four subscale scores.

2.2.2.2. Clarification of Goals. To assess this step, the Dutch translation of the Provocation 
Inventory (PI; Hornsveld, Muris, & Kraaimaat, 2011) was used. This 25-item instrument is 
intended to provide an index of anger intensity and generality across potentially provocative 
situations. Individuals had to select how angry a certain situation (e.g., ‘someone makes fun 
of the clothes you are wearing’), makes them on a scale ranging from 1 = not at all angry 
to 4 = very angry. In this study, the PI showed excellent internal consistency (Cronbach’s 
α = 0.94).

2.2.2.3. Response Generation and Evaluation. Response generation and evaluation were 
assessed with the Dutch translation of the Barratt Impulsiveness Scale (BIS-11; Patton, 
Stanford, & Barratt, 1995). This is a 30-item measurement used to study the role of impulse 
control (Reise, Moore, Sabb, Brown, & London, 2013). The BIS-11 consists of three subscales: 
attentional impulsiveness, non-planning impulsiveness and motor impulsiveness. In this 
study, the BIS-11 showed very good internal consistency (Cronbach’s α = 0.88).
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2.2.2.4. Negative childhood experiences. The Child Trauma Questionnaire-Short Form 
(CTQ-SF; Bernstein et al., 2003) was used to measure childhood neglect and abuse. This 
questionnaire consists of 25 items. Respondents rated items on a 5-point Likert-type scale 
that ranges from 1 (never true) to 5 (very o¦ten true). The scores indicated the extent to 
which abuse and neglect during childhood had been repeated or pervasive. The items 
were clustered into five scales representing five types of childhood maltreatment, namely 
sexual abuse, physical abuse, emotional abuse, physical neglect, and emotional neglect. 
The Dutch version of the CTQ-SF demonstrated to be a valid and reliable measurement of 
childhood trauma (Thombs, Bernstein, Lobbestael, & Arntz, 2009). In this current study, the 
internal consistency of the CTQ-SF was acceptable (Cronbach’s α = 0.78).

2.3. Statistical analysis
Data were analyzed using the Statistical Package of the Social Sciences (version 23.0, 
SPSS Inc., Chicago, IL, USA). Descriptive analyses were performed for demographic and 
clinical characteristics, o¤ense history and index o¤ense (see Table 1). Pearson correlation 
analyses were performed to explore the correlation between aggression and the di¤erent 
SIP steps of aggression. Significance was accepted with a p < .05.

Regression analyses were conducted to assess the associations between aggression 
[reactive (RPQ-RA) and proactive (RPQ-PA)] and the di¤erent SIP measures [i.e., HIB total 
(step 1+2), provocation inventory total (step 3), impulsivity total (step 4+5) and childhood 
trauma (‘database’)] in depth. First, simple regression analyses were conducted for each 
SIP measure separately, with the SIP measure as the independent variable, reactive and 
proactive aggression as dependent variables. Second, linear regression analyses were 
performed to assess the moderating e¤ect of childhood trauma on the independent SIP 
variables. Aggression served as the dependent variable and the SIP measure, childhood 
trauma and the interaction of childhood trauma X SIP measure were added as predictors 
to the models. Third, an explorative backward linear regression was conducted for each 
of the aggression outcomes, to determine the best predictive model of aggression. In 
the initial model we entered all SIP measures: HIB total (step 1+2), provocation inventory 
total (step 3), impulsivity total (step 4+5) and childhood trauma (‘database’). In case of 
a significant interaction e¤ect, the interaction term was also entered to the model. Age 
was added as a covariate in all regression analyses, as age may be a confounding factor 
in predicting aggression.



Associations between social information processing and aggression in forensic psychiatric inpatients

103

CHAPTER 4

3. Results

3.1. Descriptive data. In total 116 patients were included. Data was missing on several 
self-report questionnaires because of refusal of some participants to complete these 
questionnaires. Data was missing on the RPQ (N=3), the PI (N=2), the BIS-11 (N=1), and 
the CTQ-SF (N=13). Furthermore, HIBT data was missing for 28 participants because of 
technical complications with the HIBT computer at the start of this study. Characteristics 
of the participants are presented in Table 1. Outcome measures are displayed in Table 2. 
Pearson’s correlations are shown in Table 3.

3.2. Predictive value of SIP steps on self-reported aggression. Results of the simple linear 
regression analyses are presented in Table 4. Both types of aggression outcome measures 
(i.e., proactive and reactive aggression) were significantly associated with provocation 
sensitivity (step 3), impulsivity (step 4+5) and childhood trauma (‘database’; see Table 4). 
For hostile interpretation bias, significant associations were found for reactive aggression 
(p < .01), but not for proactive aggression (p = .32). 

3.3. Interaction between childhood trauma and independent SIP steps. Three separate 
linear regression analyses on the independent variables showed that there was no 
interaction e¤ect between childhood trauma and self-reported aggression, except for 
the association between hostile interpretation bias and proactive aggression (β -0.31; p < 
.01). Childhood trauma did not moderate the e¤ect of the SIP-steps (i.e., HIB, provocation 
sensitivity and impulsivity) on self-reported aggression. 

3.4. The best predictors of self-reported aggression. To explore which of the SIP step 
measurements were the best predictors of aggression, all independent variables were 
entered in a backward regression model. Reactive aggression was best predicted by 
provocation sensitivity and impulsivity (p < .01). On the contrary, proactive aggression was 
predicted by impulsivity, childhood trauma and HIBT x childhood trauma (p ≤ .05). 
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Table 1. Baseline characteristics of the study sample. 

  VRAPT (N = 116)

Age, years 38.5 (10.5)

Non-Dutch origin 27 (23.3%)

Education

None 10 (8.6%)

Primary 44 (37.9%)

Special education 14 (12.1%)

Secondary 43 (37.0%)

Higher 3 (2.6%)

Missing 2 (1.7%)

DSM-5diagnosis

Psychotic disorder 34 (29.3%)

Cluster A 1 (0.9%)

Cluster B 49 (42.2%)

Cluster C 2 (1.7%)

Personality disorder NOS 38 (32.8%)

Autism 9 (7.8%)

Attention disorder 15 (12.9%)

Substance dependence 53 (45.7%)

Substance abuse 41 (35.3%)

Comorbidity 105 (90.5%)

Type of index o¤ense*

(Attempted) homicide 49 (42.2%)

Sexual o¤ense 34 (29.3%)

Violent o¤ense 68 (58.6%)

Property o¤ense 33 (28.4%)

Arson 5 (4.3%)

Missing 1 (0.9%)

Damage of index o¤ense*

No injury 16 (13.8%)

Physical injury 68 (58.6%)

Deadly injury 16 (13.8%)

Material damage 27 (23.3%)

Psychological neglect 12 (10.3%)

Missing 7 (6.0%)

Note. Data are N (%) or mean (SD). *These variables do not add to 100%, as there is overlap between 
diagnoses and types of o¤enses committed by the same person. 
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Table 2. Means, ranges, and SD of the self-report questionnaires (N = 116). 

  Mean (sd) Range  

RPQ - PA 7.73 (5.44) 0 – 22.00

RPQ - RA 11.21 (4.84) 0 – 21.00

HIBT total 137.26 (75.00) 0 – 341.12

PI total 51.17 (12.42) 25.00 – 86.00

BIS-11 63.13 (11.71) 37.00 – 91.00

CTQ-SF 53.57 (20.36) 29.00 - 115.00

Note. RPQ Reactive Proactive Questionnaire; HIBT Hostile Interpretation Bias Task; PI Provocation 
Inventory; BIS-11 Barratt Impulsiveness Scale; CTQ-SF Childhood Trauma Questionnaire – Short Form.

Table 3. Bivariate correlations between aggression and components of social information processing 
model (N = 116).

    1 2 3 4 5 6

1 Childhood trauma  

2 Hostile interpretation bias 0.20

3 Provocation sensitivity 0.05 0.29**

4 Impulsivity 0.22* 0.09 0.45**

5 Proactive aggression 0.23* 0.04 0.24** 0.33**

6 Reactive aggression 0.18 0.21 0.50** 0.46** 0.70**  

Table 4. Associations between self-reported reactive and proactive aggression and the di¤erent 
steps of the Social Information Processing model.

  Reactive aggression Proactive aggression  

B SE β p B SE β p

Hostile interpretation bias 0.02 0.01 0.28 <.01 0.01 0.01 0.10 .32

Provocation sensitivity 0.19 0.03 0.49 <.01 0.10 0.04 0.24 .01

Impulsivity 0.17 0.04 0.42 <.01 0.13 0.04 0.29 <.01

Childhood trauma 0.05 0.02 0.22 .01 0.07 0.03 0.27 <.01

Note. Linear regression analyses were conducted. B, unstandardized regression coe¹cient; SE, 
standard error; β, standardized regression coe¹cients.
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Table 5. Optimal backward linear regression model of reactive and proactive aggression.

Reactive aggression Proactive aggression

  B SE β p B SE β p

Constant 3.79 3.54 2.60 4.31

Provocation sensitivity 0.14 0.04 0.37 <.01 n.s. n.s. n.s. n.s.

Impulsivity 0.08 0.04 0.19 .08 0.10 0.05 0.21 .05

Childhood trauma 0.07 0.03 0.26 .01

HIBT x Childhood trauma 0.00 0.00 -0.35 <.01

Note. Backward regression analyses were conducted including all independent variables; e.g., hostile 
interpretation bias, provocation sensitivity, impulsivity, childhood trauma. R2 = .59 for reactive 
aggression, R2 = .54 for proactive aggression. B, unstandardized regression coe¹cient; SE B, standard 
error; β, standardized regression coe¹cients ; n.s., non-significant. 
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4. Discussion

This study of the predictive value of the di¤erent SIP-steps on reactive and proactive 
aggression in a sample of aggressive forensic psychiatric inpatients had three main 
findings: (i) provocation sensitivity, impulsivity, and childhood trauma were associated 
with both types of aggression, whereas hostile interpretation bias only predicted reactive 
aggression. (ii) Childhood trauma did not moderate the association between the SIP steps 
and self-reported aggression, only for hostile attribution bias in proactive aggression. (iii) 
The best predictive model for reactive aggression included provocation sensitivity and 
impulsivity. On the contrary, proactive aggression was predicted by impulsivity, childhood 
trauma, and the interaction e¤ect of hostile interpretation bias and childhood trauma.

Hostile interpretation bias predicted self-reported reactive aggression. No association 
between hostile interpretation bias and proactive aggression was found. This finding is 
in accordance with previous studies that have shown an association between hostility 
biases and reactive aggression (Bailey & Ostrov, 2008; Chen, Coccaro, & Jacobson, 2012; 
Crick & Dodge, 1996; de Castro et al., 2002; Dodge, 2006; Lobbestael, Cima, & Arntz, 2013; 
Murray-close, Ostrov, Nelson, Crick, & Coccaro, 2010). Furthermore, the first two steps of 
the SIP-model are referred to as early information processing and theoretically linked to 
reactive aggressive behavior. Reactive aggression is o¦ten caused by misinterpretation of 
unclear and/or ambiguous social situations that evoke feelings of threat. As other studies 
have shown, hostility biases are a key component in this early stage of social information 
processing. The other four steps of the SIP-model are referred to as late information 
processing, and all six steps in this cyclical model are influenced by a ‘database’ for 
instance containing memories of others, situations and themselves (see Crick & Dodge 
(1994) and Lemerise & Arsenio (2000) for a review of the SIP model).

Our findings indicate that the majority of our study population had experienced moderate 
to severe childhood trauma. Research repeatedly showed that adult aggressive behavior 
is an outcome of child maltreatment, however, this association tends to be influenced by 
other factors (Cuadra, Ja¤e, Thomas, & Dilillo, 2014). Hence, adults who experienced early 
abuse and/or maltreatment tend to develop maladaptive cognitive schemas involving 
distorted beliefs about their environment, others and themselves, which influence their 
reactions to social situations in adulthood (Young, Klosko, & Weishaar, 2003). Distorted 
social information processing makes these individuals hyper-vigilant to ambiguous social 
cues (i.e., hostile attribution bias), self-defensive (i.e., goal clarification) and more prone 
to aggressive behavior (i.e., behavior enactment). For instance, in a study of Cima, Smeets, 
and Jelicic (2008) prison inmates had higher levels of traumatic childhood experiences 
than controls, and this was positively associated with impulsive non-plan-fullness. Another 
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study of on the associations between childhood maltreatment, hostile attribution bias and 
aggression in a community sample of adults showed that child maltreatment predicted 
adult aggression beyond and above the e¤ects of hostile attribution bias (Chen, Coccaro, 
Lee, & Jacobson, 2012). 

Furthermore, memories about childhood trauma are stored in the so-called ‘database’ of 
the SIP-model, therefore we expected that childhood maltreatment would moderate the 
association between the di¤erent aspects of SIP and aggression. As adults with a history of 
childhood maltreatment are more vigilant to certain cues and react to social situations in 
a way consistent with their pre-existing schemas (Epps & Kendall, 1995). In a study of Chen, 
Coccaro, Lee, and Jacobson (2012) childhood maltreatment moderated the relationships 
between hostile attribution bias and aggression in adults. However, hostile attribution bias 
did not predict aggression for participants with high levels of childhood maltreatment. 
In our study, the sample of forensic psychiatric inpatients had higher levels of childhood 
trauma, than the general population sample used by Chen et al. (2012). This may be an 
explanation why we did not find similar results. Additionally, the interaction between 
childhood trauma and hostile attribution bias could be related to impulsivity. As aggressive 
behavior can be explained by, automatic and thoughtless (i.e., impulsive) reaction to a 
social stimulus (Berkowitz, 2008). So, a possible explanation is that individuals with higher 
levels of childhood trauma react in a more emotional and automatic manner, instead of 
a more cognitively well-thought way, due to higher levels of impulsivity (Chen et al., 2012). 

Impulsivity was also a good predictor of both types of aggression. This is consistent with 
findings of a study in a comparable sample of 44 Dutch incarcerated psychiatric patients, 
demonstrating that impulsivity predicted self-reported reactive aggression (Tonnaer, Cima, 
& Arntz, 2016). However, in the current study, impulsivity was a good predictor of proactive 
aggression as well. This may be somewhat counterintuitive, as reactive aggression is 
referred to as impulsive aggression (Anderson & Bushman, 2002), whereas proactive 
aggression refers to planned, instrumental and forethought aggression (Raine et al., 2006). 
Impulsivity is a multidimensional construct, however, that can be divided into di¤erent 
facets, such as sensation seeking and lack of premeditation (Lynam & Whiteside, 2001). 
A recent study using a di¤erent measurement of impulsivity showed that proactive and 
reactive aggression were both related to impulsivity, but to distinct facets of impulsivity 
(Hecht & Latzman, 2015). Reactive aggression was related to a lack of follow through 
and a tendency to engage in rash action during a period of negative a¤ect, whereas 
proactive aggression was characterized by the opposite, namely a tendency to engage in 
rash action during a period of positive a¤ect. These findings have important implications 
for interventions directed to reduce aggressive behavior (Hecht & Latzman, 2015). 



Associations between social information processing and aggression in forensic psychiatric inpatients

109

CHAPTER 4

Lastly, in the present study, provocation sensitivity was a significant predictor of reactive 
and proactive aggression. These findings are a replication of previous research. Provocation 
sensitivity is a situational trigger of aggression by perceiving others’ behavior as provoking 
(Lawrence, 2006). Individuals scoring high on provocation sensitivity tend to perceive 
behavior of others as more provoking (Lawrence & Hodgkins, 2009), and this predicts 
aggression a¦ter provocation (Lawrence & Hutchinson, 2013). Although it has previously 
mainly been related to reactive aggression, results of a recent study supported the 
hypothesis that a reaction to provocation is not necessarily typified by reactive aggression 
only. It is suggested that there are two paths, a more impulsive (reactive) response and 
a more deliberate (proactive) response (Book, Visser, Volk, Holden, & Agata, 2019). As 
provocation sensitivity repeatedly showed positive associations with aggressive behavior, 
this seems to require special attention when developing prevention measures (Bondü & 
Richter, 2016).

4.1. Clinical implications
To the best of our knowledge, the present study is the first comprehensive analysis of 
the SIP model and moderating e¤ects of childhood maltreatment in aggressive forensic 
psychiatric inpatients. Our findings have some important clinical implications. The SIP 
model seems to be a useful framework for aggression treatment programs in forensic 
psychiatry. As childhood trauma, impulsivity and provocation sensitivity all contributed to 
the prediction of aggression, interventions should assess and address these components. 
Therapies might be improved by targeting patients’ emotional and cognitive processes 
during social interactions. This might be accomplished with controlled and repeated 
exposure to provocative social scenarios, in order to train aggressive individuals to 
develop more appropriate reactions to emotional and social stimuli, while taking their 
vulnerabilities into account. Virtual Reality may be a tool to provide such treatments, 
because in this way, treatment can be controlled and personalized. Second, SIP steps were 
related to both proactive and reactive aggression. These results show that dysfunctional 
social information processing is relevant to both forms of aggression, but in a di¤erent 
way, which may inform future development of aggression treatments. 

4.2. Limitations
The results of this study should be seen in the light of several limitations. First, data were 
collected concurrently, therefore statements about causality between SIP steps and self-
reported aggression are not possible. Second, this study included only male participants. 
Third, we included mostly self-report questionnaires, which are vulnerable to reporting 
biases, such as social desirability (Vigil-Colet, Ruiz-Pamies, Anguiano-Carrasco, & Lorenzo-
Seva, 2012). Nevertheless, a meta-analyses on this topic showed that social desirability 
is limited in the self-reported assessment of psychopathy (Ray et al., 2013). Fourth, the 
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questionnaires used to assess the di¤erent SIP steps are not specially designed to assess 
these steps. We are aware that the questionnaires used in this study may not fully capture 
the concepts of the SIP steps. Fi¦th, the sample size of the study was relatively small. Lastly, 
all questionnaires were completed retrospectively, and information on childhood trauma 
was not verified with parents or file information. 

4.3. Conclusion
The results of this study suggest that in a sample of aggressive forensic psychiatric 
inpatients, childhood trauma, provocation sensitivity and impulsivity, predict self-
reported reactive and proactive aggression. Hostile interpretation bias only predicts 
reactive aggression, this suggests that there is a di¤erence between reactive and proactive 
aggression. Additional research will help to better characterize the potentially contributing 
facets of the SIP model to the development and maintenance of aggressive behavior. 
Future studies with longitudinal designs and objective measures such as behavioral 
observations, may contribute to further increase our understanding of the underlying 
mechanisms of aggressive behavior.
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Abstract

Structured assessment and characterization of aggression in forensic psychiatry is 
needed. Therfore, the current study includes sta¤-observed and self-reported meaures to 
describe prevalence and patterns of aggressive behaviors. Furthermore, this study intents 
to identitfy early signals of aggressive outbursts. In this longitudinal study, 120 forensic 
psychiatric inpatients were included. Their aggressive behaviors were monitored by sta¤ 
over a period of 30 weeks with the Social Dysfunction and Aggression Scale (SDAS). Patients 
completed self-report measures at baseline on aggression, anger, impulsivity. Clinical and 
demographic characteristics were derived from files. Most participants displayed moderate 
(86%) or severe (65%) aggressive behavior as measured with the SDAS at least once, and 
37.5% engaged in physical aggression. Inpatients with at least one physical aggressive 
incident di¤ered from the other participants on several sociodemographic and clinical 
variables, e.g., higher prevalence of cluster B personality disorders, and lower intelligence. 
Self-report measures showed di¤erences on anger, (reactive) aggression, and non-planning 
impulsivity. Two thirds of the physical aggression incidents were preceded by observations 
of increased non-physical aggression. Our findings show that inpatient aggression in 
forensic psychiatry is common, with more than one third of patients demonstrating at 
least one occasion of physical aggression during a 30-week period. 
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1. Introduction

Treating aggressive behavior of forensic psychiatric inpatients is a major challenge (e.g., 
Bader & Evans, 2015). Inpatients admitted to a high security forensic psychiatric center (FPC) 
o¦ten su¤er from one or more psychiatric disorder(s), many have a history of childhood 
trauma, and most of them are admitted because of a violent o¤ense. Furthermore, forensic 
inpatients have been involuntarily assigned to an FPC by the judge and stay on wards 
with other patients with similar backgrounds. Inpatients have limited autonomy with 
regard to activities or walking around within the FPC. Due to aggression problems of most 
inpatients, a FPC can be an unsafe environment for all indivudals working or residing in 
that environment (Schuringa, Spreen, & Bogaerts, 2019). Moreover, aggressive behavior 
has severe negative consequences for treatment progress, and for the emotional and 
physical well-being of sta¤ and patients (Rossberg & Friis, 2003). Because of this, there is 
a continued need to understand and adequately treat and manage inpatient aggression. 

The behaviors of forensic inpatients are continuously monitored by sta¤ and risk 
assessments are performed to estimate and monitor the likelihood of inpatient 
aggression (Schuringa, Spreen, & Bogaerts, 2014). However, despite the increase in 
structured measurements, clinical reality is still that the majority of observations are still 
unstructured with the danger of marginal scoring integrity. This can negatively influence the 
accuracy of the measurements and thus, presumably, the assessments and management 
strategies that are based on these observations (Kobes, Nijman, & Bulten, 2012). These 
mainly unstructured observations also limit the ability to provide a clear overview of the 
frequency and severity of aggressive behaviors in forensic psychiatry, which might partly 
explain why the reported prevalence rates of inpatient aggressive behaviors vary widely 
(8-44%; Dack, Ross, Papadopoulos, Stewart, & Bowers, 2013). Structured sta¤ observations 
of inpatient aggression as an alternative to unstructured observations, can provide a 
more complete, in-depth, and period-based assessment of the frequency and severity 
of inpatient aggression. Especially within forensic psychiatry, short-term prediction of 
aggression is important because it provides sta¤ the opportunity for early interventions, 
which can prevent escalation (Hvidhjelm, Sesto¦t, Skovgaard, & Bjorner, 2014). 

An example of an instrument used to predict short-term inpatient violence is the Brøset 
Violence Checklist (BVC). The BVC was developed in Norway (Almvik, Woods, & Rasmussen, 
2002; Woods, Almvik, Woods, & Rasmussen, 2000), and a study in Danish forensic psychiatric 
setting showed that the BVC had satisfactory specificity (0.997) and sensitivity (0.656) as a 
predictor of the short-term risk of inpatient violence (Hvidhjelm et al., 2014). The advantage 
of the BVC is that it is a short six-item symptom rating scale that can be integrated into the 
daily routine. However, a disadvantage is that the symptoms are scored dichotomously as 
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either present of absent, so there is no room for gradations. Another example of a period-
based instrument that records a wide range of aggressive behaviors, including very mild 
forms of aggression, is the Social Dysfunction and Aggression Scale (SDAS; Wistedt et al., 
1990). An advantage of the SDAS over incident registration is the weekly routinely scoring 
that makes this instrument independent of the subjective judgment of the sta¤ whether 
a certain incident is serious enough to be documented. In a large study, the SDAS was 
recommended since inpatient aggressive behaviors most o¦ten are characterized by a 
broad spectrum of (non-)verbal behavior patterns and rarely by a single event (Steinert, 
2002). Thus, the SDAS may aid in the assessment and management of inpatient aggression. 

Still, sta¤ observations have several limitations, such as accepting, downsizing or 
‘normalizing’ aggressive behaviors, which may be due to getting used to aggressive behavior. 
Also, some behaviors remain unobserved because the sta¤ is unable to monitor patients 
24/7. Therefore, self-report measurements are likely to o¤er additional information. 
Self-report measurements can be easily administered, and provide insight into patients’ 
subjective experiences, thoughts, feelings and behaviors (Demetriou, Ozer, & Essau, 2015). 
Within forensic psychiatry, certain validity problems are to be expected with self-report 
questionnaires, as forensic inpatients o¦ten lack insight in their mental illness, and tend 
to provide socially desirable answers to prevent potentially negative (legal) consequences 
(Kobes et al., 2012). Taken together, the current evidence based practice suggests that a 
combination of self- and sta¤-reported aggressive behaviors is likely to give a completer 
and more comprehensive overview of both prevalence and characteristics of inpatient 
aggression. 

The objectives of this longitudinal follow-up study among forensic psychiatric inpatients 
were to map the characteristics and prevalence of aggressive behaviors during their stay 
in FPCs and to investigate di¤erences between physically aggressive versus non-physcially-
aggressive inpatients. Furthermore, we aimed to determine whether severe incidents 
of physical aggression are preceded by sta¤-observed mild or moderate aggressive 
behavior of the patient one (or two) week(s) before the incident. We hypothesized that 
inpatients engaging in physical aggression di¤er from inpatients who do not engage in 
physical aggression with regard to sociodemographic and clinical characteristics, such 
as psychiatric diagnosis and age. Furthermore, we expected that physically aggressive 
inpatients report higher levels of (reactive) aggression, anger, and impulsiveness than 
non-physcialy aggressive inpatients. Finally, we expected that severe incidents of physical 
aggression are associated with minimal or moderate aggressive behaviors during the 
weeks before the incidents.
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2. Methods

2.1. Participants
Forensic psychiatric inpatients with a history of aggression and/or current clinical problems 
with reactive aggressive behaviors participated in the study. These patients stayed in 
one of the four participating FPCs in the Netherlands. The current study is a part of a 
larger, multicenter randomized controlled study on the e¤ectiveness of a Virtual Reality 
Aggression Prevention Training (VRAPT). The design and study protocol are described in 
detail elsewhere (Tuente, Bogaerts, Ijzendoorn, & Veling, 2018). To be included in the 
current study, SDAS data had to be available for at least 30 weeks for all participants. 
Inclusion criteria were being a forensic psychiatric inpatient, and a history of aggression 
and/or current clinical problems with reactive aggression as assessed by their treating 
specialists.

2.2. Design and procedure
Potential participants were informed about the study by their treatment supervisor. A¦ter 
informed consent was obtained, sta¤ was trained in the procedure of scoring the SDAS 
and instructed how to observe participants’ behaviors on the ward to optimize SDAS 
scoring integrity. Sta¤ completed the SDAS weekly during a 30-week observation period for 
all included participants. Baseline characteristics and demographic information, such as 
age, intelligence and DSM-5 diagnoses of mental disorders were gathered from electronic 
patient files. Self-report questionnaires were completed at the start of the SDAS observation 
period. This study was approved by the medical ethical board of the University Medical 
Centre Groningen, Groningen (number: NL52939.042.15) and was conducted according to the 
Declaration of Helsinki. The study was registered in the Dutch Trial Register (NTR, TC = 6340). 

2.3. Measures
2.3.1. Social Dysfunction and Aggression Scale (SDAS). The SDAS (Kobes et al., 2012; Wistedt 
et al., 1990) is a structured observation checklist of a broad range of mild to severe forms 
of verbal and non-verbal aggressive behaviors. In the current study, the nine-item version 
was used because the items on self-directed aggression (suicidal and self-injurious 
behavior) were not relevant to this study. The nine SDAS-items were scored by sta¤ on 
a 5-point scale ranging from absent (0) to severely present (4). The SDAS consists of six 
non-physical aggressive items, and three physical aggressive items. All SDAS items were 
scored in two ways, first for the most severe aggressive behaviors in the previous week 
(peak), and second for the average level of aggressive behaviors in the previous week 
(general). Research assistants collected SDAS data from the ward sta¤ every week. When 
the SDAS was not completed a¦ter two weeks, research assistants completed the SDAS form 
retrospectively based on available patient file information. In total, 91.4% (n = 3291) of the 
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in total 3600 SDAS forms were completed by the sta¤ within two weeks. For only two out 
of 3600 SDAS forms, no SDAS total peak score could be calculated due to missing items 
in that week. A peak score of at least three (i.e., moderate) on one of the three physical 
aggression SDAS items (physical violence to personnel; physical violence to others, not 
personnel; physical violence to things) was used to classify participants in a physically 
aggressive or non-physically aggressive group. 

2.3.2. Aggression Questionnaire, Dutch Version (AVL). Participants completed the Dutch 
version of the Aggression Questionnaire (Meesters, Muris, Bosma, Schouten, & Beuving, 
1996). This questionnaire assessed four sub scales of aggression, i.e., physical aggression, 
verbal aggression, anger and hostility (Buss & Perry, 1992). Chronbach’s α: physical 
aggression .74; verbal aggression .47; anger .64; hostility .77; total .87.

2.3.3. Reactive-Proactive Questionnaire (RPQ). The RPQ was used as a self-report 
questionnaire to measure reactive and proactive aggression. The RPQ questions the type 
and motivation of aggressive behaviour and refers to this behaviour in general (Domburgh 
& Popma, 2003). Chronbach’s α: proactive aggression .87; reactive aggression .86; total .92.

2.3.4. Novaco Anger Scale (NAS). The NAS is a self-report questionnaire designed to 
assess anger as a problem of psychological functioning and physical health and to assess 
therapeutic change (Hornsveld, Muris, & Kraaimaat, 2011). This questionnaire is a two-part 
test of 73 items and has three subscales; Cognition, Arousal, and Behavior (Hornsveld et 
al., 2011). Chronbach’s α: cognition .77; arousal .86; behavior .89; total .94. 

2.3.5. Barratt Impulsiveness Scale (BIS-11). The BIS-11 is a 30-item questionaire to 
investigate impulse control (Patton, Stanford, & Barratt, 1995; Reise, Moore, Sabb, Brown, 
& London, 2013). The BIS-11 consists of three subscales: Attentional impulsiveness, Non-
planning impulsiveness, and Motor impulsiveness. Chronbach’s α: motor .51; cognitive .43; 
non-planning .59; total .55.

2.4 Statistical analyses 
Data were analyzed using SPSS version 23.0, and sub-group analyses were performed 
with Stata version 14. Significance was accepted at p ≤ 0.05. First, the total SDAS peak 
scores for the 30-week observation period were displayed for each individual participant 
in a heatmap. The intensity of the color is a visualization of the patterns and peaks of 
observed aggressive behavior during the observation period. Second, descriptive analyses 
were performed for demographic and clinical characteristics, o¤ense history, and index 
o¤ense. The physically aggressive and non-physically aggressive groups were compared 
on demographic characteristics with the Independent sample t-tests, the Mann-Whitney 
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U tests, and the χ² test. Third, both groups (physically aggressive versus non-physically 
aggressive inpatients) were compared on self-reported aggression, anger, and impulsivity 
using the Independent sample t-tests. Fourth, a sub-group analyses using multilevel 
logistic regression analyses were performed on the 45 participants who engaged in at 
least one physical aggressive incident as measured with the SDAS during the 30-week 
observation period (e.g., Sommet & Morselli, 2017). Assumptions for multilevel analyses 
were checked. Multilevel analyses were performed as the data had a hierarchical structure; 
that is, repeated measures (level 1) nested within individuals (level 2). In this model, 
presence of physical aggression was the dependent variable (0 absent, 1 present), and the 
total peak scores of the physical (three items) and the non-physical (six items) aggression 
subscales of the previous weeks were used as predictors.
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3. Results

3.1. Descriptives
Thirty weeks of SDAS data were collected from 120 inpatients. Data was missing on self-
report questionnaires because some participants refused to complete these questionnaires: 
AQ (N=10), BIS-11 (N=10), NAS (N=10), RPQ (N=11), and CTQ-SF (N = 11). As shown in Figure 
1, most of the participants had an elevated SDAS score at least once during the 30-week 
follow-up period. Eighty-six percent (N = 103) had at least one score ≥ 3 on any of the 
items, and 65% (N = 78) a score of 4, indicating severe aggression. In total, 37.5% (N = 45) 
of the included inpatients engaged in physically aggressive behavior (i.e., at least once 
a score of three or four on one of the three physical aggression items). The physically 
aggressive incidents are marked with an ‘x’ in the heatmap (Figure 1). Of the 45 patients 
who were physically aggressive during the follow-up, 24 (53.3%) were physically aggressive 
only during one week and 18 patients (40%) had between two to five weeks in which they 
had at least one act of physical aggression. A small number of inpatients (N = 3; 6.7%) 
were physically aggressive at least once for nine weeks or more. The mean SDAS scores 
can be found in Table 1.

There were several statistically significant di¤erences in sociodemographic and clinical 
characteristics between physically aggressive and non-physically aggressive inpatients, 
see Table 2. Inpatients who engaged in physically aggressive behaviors were on average 
almost five years younger (p < .01), and more o¦ten diagnosed with cluster B personality 
disorder (p = .05), attention disorders (p = .03), and were less likely to have a sexual disorder 
(p = .04) compared to the non-physically aggressive inpatients. The physically aggressive 
inpatient patientshad lower intelligence (p = .05) and in terms of index o¤ensecethey 
committed (attempted) murders less o¦ten, but more o¦ten other violent index o¤enses 
(p = .01) compared to the non-physically aggressive inpatients. There were no statistically 
significant di¤erences between groups regarding damage to the victim of index o¤ense 
and childhood trauma. 

Table 1. SDAS means

  Physical aggressive (N = 45) Non-physical aggressive (N = 75)

  Mean (sd) Range Mean (sd) Range 

SDAS peak physical 0.6 0.8 0.1 4.7 0.1 0.5 0.0 3.5

SDAS general physical 0.3 0.5 0.0 3.1 0.1 0.3 0.0 2.6

SDAS peak non-physical 9.0 4.2 1.5 20.5 4.7 3.7 0.4 16.2

SDAS general non-physical 5.2 3.0 0.5 11.9 2.8 2.7 0.0 9.7
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weeks 

 Patients 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 

1  X       X X X   X    X  X   X  X   X  X 

2                               

3 X   X X X        X X X  X  X X  X   X     

4                X               

5          X                     

6                               

7            X            X       

8                      X         

9               X         X X      

10                               

11 X       X         X      X        

12                X            X X  

13                            X   

14   X                            

15                               

16                               

17   X                 X           

18          X     X     X   X        

19      X    X     X            X X   

20  X    X  X X                      

21 X      X                        

22                               

23   X              X              

24                               

25           X                 X   

26                          X     

27  X                             

28                               

29                               

30  X     X         X    X           

31                               

32                   X            

Figure 1. Heatmap of weekly SDAS peak scores by participant, ordered by severity of aggressive 
behavior (N = 120).
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 Patients 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 

33                               

34    X                           

35                               

36                               

37                               

38           X      X       X       

39                           X    

40               X                

41                               

42                               

43                               

44           X  X                  

45       X       X    X X X X   X   X X   

46                               

47                           X    

48       X                        

49                               

50                               

51                  X    X         

52                               

53                               

54                        X       

55                               

56                           X    

57              X                 

58  X                             

59                               

60     X       X                   

61     X                          

62                               

63                               

64                               

65                               

66   X                            

67              X X X               

Figure 1. Continued.
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 Patients 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 

68                       X      X  

69                               

70     X                          

71                               

72                               

73                               

74                               

75                               

76                               

77    X                           

78                               

79                               

80                               

81                               

82                               

83                               

84                               

85                               

86                               

87                               

88                               

89                               

90                               

91                             X  

92 X                              

93                               

94                               

95                               

96   X                            

97                                                             

98                                                             

99                                                             

100                                                             

101                                                             

102                                                             

Figure 1. Continued.
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weeks 

 Patients 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 

103                                                             

104                                                             

105                                                             

106                                                             

107                                                             

108                                                             

109                                                             

110                                                             

111                                                             

112                                                             

113                                                             

114                                                             

115                                                             

116                                                             

117                                                             

118                                                             

119                                                             

120                                                             

Figure 1. Continued.

* Legenda of the heat map, the 9 items of the SDAS were rated every week on a 
five-point scale ranging from 0-4. 
This results in a minimum SDAS peak score of 0 and maximum score 36 for every 
week.
**The “x”in the table indicate a score of 3 or higher on one of the three physical 
aggression items of the SDAS.
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Table 2. Baseline characteristics (N = 120) Data are n (%) or mean (SD)

  Physically 
aggressive

(N = 45)

Non-physically 
aggressive

(N = 75)

p

Age, years 35.2 8.5 40.8 10.9 .004

Non-Dutch origin 9 20.0 19 25.3 .50

DSM-IV diagnosis*

Psychotic disorders 15 33.3 23 30.7 .76

Cluster B personality disorders 24 53.3 26 34.7 .05

Cluster C personality disorders none none 2 2.7 .27

Personality disorder NOS 17 37.8 33 44.0 .50

Autism 7 15.6 9 12.0 .58

Attention disorders 10 22.2 6 8.0 .03

Sexual disorders (pedophilia, paraphilia) 1 2.2 10 13.3 .04

Intelligence (IQ) .05

Total IQ < 90 29 64.4 34 45.3

Total IQ > 90 14 31.1 28 37.3

Missing IQ score 2 4.4 13 17.3

Type of index o¤ense* .01

(Attempted) homicide 13 28.9 38 50.7

Sexual o¤ense 9 20.0 19 25.3

Violent o¤ense 21 46.7 16 21.3

Property o¤ense none none 1 1.3

Arson 2 4.4 none none

Missing none none 1 1.3

Victim consequences of index o¤ense* .06

No injury 6 13.3 10 13.3

Physical injury 28 62.2 39 52.0

Deadly injury 1 2.2 16 21.3

Material damage 6 13.3 4 5.3

Psychological neglect none none 1 1.3

Missing 4 8.9 5 6.7

(continued on next page)
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Table 2. Continued 

  Physically 
aggressive

Non-physically 
aggressive

p

Childhood trauma (CTQ-SF) (N = 40) (N = 69)

CTQ-SF total 55.8 22.6 52.3 19.8 n.s.

Emotional Abuse 12.2 6.0 10.7 5.4 n.s.

Emotional Neglect 12.7 5.8 13.4 5.7 n.s.

Phyical Abuse 11.5 6.7 10.0 6.4 n.s.

Phyical Neglect 11.8 3.4 10.4 2.8 n.s.

Sexual Abuse 8.3 5.2 7.9 5.7 n.s.

* These variables do not add to 100%, as there is overlap between diagnoses and types of o¤enses 
committed by the same person.

3.2. Group di�erences in self-report physical aggression and self-reported aggression, 
anger, and impulsivity
Participants who engaged in at least one physically aggressive incident during the 30-
week follow-up period reported significantly higher aggression scores on the AQ, including 
the subscales Physical and Verbal aggression, Anger, and Hostility, compared to non-
physically aggressive participants. Furthermore, they also reported higher levels of reactive 
aggression on the RPQ. Reported anger was in the physical aggressive group also higher for 
the NAS total score, and the subscales behavior and cognition. No significant di¤erences on 
impulsivity were demonstrated between both groups, except for the subscale Nonplanning. 
For further details, see Table 3.

3.3. Prediction of physical aggressive incidents 
We performed sub-group analyses on the 45 participants who were severely physically 
aggressive at least one time during the 30-week follow-up period. As shown in Table 4, 
participants who engaged in a physical aggressive incident had significantly higher peak 
scores on non-physical aggression one week prior to the incident as measured with the 
SDAS. One third (36 of the 108) of the physical incidents were not preceded by higher scores 
(i.e., ≥ 3) on individual SDAS items. The other two-thirds were preceded a week prior to the 
incident by higher scores on SDAS verbal aggression (30.2%, item 1 and 2), irritability (20.6%, 
item 3) and dysphoric mood (20.2%, item 5). There was a trend e¤ect for non-physical 
aggression two weeks prior to the incident. Total peak physical aggressive behavior one 
or two-week(s) prior did not predict physical aggressive incidents. 
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Table 3: Self-report questionnaires

  Physically 
aggressive 

Non-physically 
aggressive 

P

Self-reported aggression (AVL) 90.9 15.1 77.7 18.9 t (108) = 3.78 <.001

Physical Aggression 31.8 5.7 25.6 9.0 t (109) = 2.95 <.001

Verbal Agression 15.8 2.5 14.6 3.1 t (109) = 2.14 .04

Anger 20.5 4.5 17.0 5.3 t (108) = 3.53 .001

Hostility 23.0 6.3 20.5 6.5 t (108) = 1.97 .05

Reactive/Proactive aggression (RPQ) 22.3 6.9 16.8 10.3 t (107) = 2.97 <.01

Proactive aggression 9.1 5.1 7.0 5.6 t (107) = 1.91 .06

Reactive aggression 13.4 3.1 9.9 5.3 t (107) = 3.85 <.001

Anger (NAS) 91.6 13.5 84.7 16.7 t (108) = 2.25 .03

Cognition 32.5 4.3 30.2 5.1 t (108) = 2.48 .02

Arousal 29.8 5.1 28.1 6.1 t (108) = 1.45 .15

Behaviour 29.3 5.6 26.4 6.8 t (108) = 2.30 .02

Impulsivity (BIS-11) 66.1 10.9 61.6 12.1 t (108) = 1.93 .06

Motor 23.5 5.1 22.0 4.2 t (108) = 1.76 .08

Cognitive 16.2 4.1 15.6 3.9 t (108) = 0.80 .42

Nonplanning 26.3 4.8 24.1 5.8 t (108) = 2.09 .04

Table 4. Prediction of physical aggression by SDAS scores in the weeks prior to aggressive incidents.

1 week prior to incident

z P SE 95% CI OR

Peak aggression physical 1.63 .10 .08 .98 1.27 1.12

Peak aggression non-physical 2.07 .04 .02 1.00 1.08 1.04

2 weeks prior to incident

z p SE 95% CI OR

Peak aggression physical -0,67 .50 .08 .80 1.12 .94

Peak aggression non-physical 1.79 .07 .02 1.00 1.08 1.04



Chapter 5

132

4. Discussion

This was a longitudinal study of 120 forensic psychiatric inpatients residing in four FPCs in 
the Netherlands, mapping aggressive behavior with self-report measures and 30 weeks of 
sta¤ observation. This study confirmed that aggression in forensic psychiatric centers is 
common with 86% of the inpatients displaying at least once an act of moderate aggression 
(defined as short outbursts of aggressive talking; or repeated episodes of throwing trivial 
things, hitting objects or slamming doors). Moreover, 65% of the included patients had at 
least one act of severe aggressive behavior, for example: ostentatious in opposing the rules 
of social interaction; being fully uncooperative; the patient has dangerously assaulted a 
member of sta¤; or is making serious insults and/or wishing people harm. Over one third 
of the included inpatients (37.5%) displayed physical aggression at least one time over 
the course of the 30 weeks follow-up period. With regard to the prevalence of aggressive 
behaviour, our findings are in line with previous research (Dack et al., 2013; Hildebrand, De 
Ruiter, & Nijman, 2004; Verstegen, de Vogel, de Vries Robbé, & Helmerhorst, 2017). Patients 
who exhibited physical aggression during the follow-up period showed higher scores on 
anger, hostility, reactive aggression and non-planning impulsivity at baseline than non-
physically aggressive patients. In two thirds of physical aggression incidents, irritability and 
dysphoric mood were already observed by the sta¤ in the week prior to the incident. Thus, 
higher levels of observed non-physical aggression were indicators of physical aggressive 
behavior a week later. 

Consistent with the literature, our study supports the notion that self-report measures 
may be useful to identify high risk individuals in an inpatient setting (McDermott, Edens, 
Quanbeck, Busse, & Scott, 2008). This is interesting since self-report questionnaires are 
relatively easy and cheap to administer and interpret. Although the use of self-report 
questionnaires in forensic settings is debatable because of socially desirable answers and 
non-response, this is not immediately apparent from our study. Participants in the current 
study reported a wide range of anger, impulsivity, and aggressive behaviors. Considering 
psychiatric diagnoses, both attention disorders and cluster B personality disorders were 
more common among individuals who exhibited physical aggression. These findings 
confirm our hypothesis, because ADHD and cluster B personality disorders both are within 
the externalizing spectrum disorders (Krueger & Tackett, 2003). 

Much research in forensic psychiatric settings focuses on the prediction of future 
violence using structured risk assessment tools, such as the Violence Risk Appraisal 
Guide (VRAG; Quinsey et al., 1998), the Level of Service Inventory–Revised (LSI-R; 
Andrews & Bonta, 2001) and the HCR-20V3 (Douglas et al., 2014) for medium- and long-
term prediction of violence risk; and the BVC for prediction of immediate violence risk. 
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However, using self-report measures to improve the accuracy of these assessments 
is less extensively studied (McDermott et al., 2008; Schuringa et al., 2019). Using self-
report questionnaires in combination with structured violence risk assessments, a 
clearer picture of the individual’s aggressive behaviors, and the early warning signs 
of an increased risk of aggression, may be given. The current study confirms previous 
findings that self-report measures may be useful in identifying indivdiuals at high risk 
for inpatient aggressive behavior (McDermott et al., 2008). However, the question is 
to what extent the self-reported questionnaires are useful for monitoring aggressive 
behavior, since not all measures may be sensitive for change over time. For instance, 
the AQ includes items such as: “I have threatened people I know” and “There are people 
who pushed me so far that we came to blow”, where the patient responds without a 
time frame. 

Another finding with clinical implications was that most incidents of physical aggression 
occurred with prior warning signs. The fact that the patients display early warning signs 
that can be observed prior to aggressive behaviors may be important to improve safety 
on wards. It is well known that forensic psychiatric patients residing in forensic psychiatric 
care o¦ten have di¹culties managing their feelings of anger, impulsiveness, and o¦ten have 
insu¹cient skills to handle conflicts (Da¤ern, Howells, & Oglo¤, 2007). In addition, on an 
average ward, 12 patients share a space with individuals they would not normally spend 
time with. Evidently, this patient density increases the risk of aggressive behavior, since 
conflicts easily may arise. Furthermore, it is important to note that aggressive behavior in 
forensic psychiatry is more tolerated than outside forensic psychiatric care in the general 
community, something that has been demonstrated to contribute to pro-aggressive 
thoughts, attitudes, and behavior (Da¤ern et al., 2007). Therefore, forensic inpatients 
may use aggressive behaviors without realizing that the behavior is perceived as very 
aggressive by others, such as sta¤ and fellow patients. Accordingly, this ‘normalization 
and acceptance’ of aggressive behaviors makes it more di¹cult to prevent assess and 
treat aggression.

Physical aggression measured with the SDAS was predicted by increased scores on verbal 
aggression, irritability and dysphoric mood one week prior to the incident. These results 
corroborate the findings of a meta-analysis that highlighted behavioral cues, such as 
attention-seeking behavior, boisterousness, and/or increased motor activity, are frequently 
reported antecedents of aggressive incidents (Papadopoulos et al., 2012). Physical 
aggressive incidents o¦ten emerge in a context with individuals who have the inability to 
cope with negative feelings, disappointments or rejections (e.g., withdrawal from tobacco, 
not allowed to make a phone call; Bousardt, Hoogendoorn, Noorthoorn, Hummelen, & 
Nijman, 2016). Although it is not surprising that agitated mood or increased irritability 
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provoke aggressive incidents, these findings may provide guidelines for sta¤ to recognize 
signs of immanent physical aggression. Consequently, early recognition of triggers can 
potentially increase prevention, for example, by improving sta¤-patient interactions 
(Papadopoulos et al., 2012).

Sta¤ members have a certain degree of control and power over inpatients. The largest 
burden of living in an FPC is living with limited autonomy, since sta¤ decides when you 
wake up, eat, work and sleep. Therefore, a possible solution may be to reduce the actual (or 
perceived) power of sta¤, for example, to give patients more freedom and autonomy when 
planning their daily life within an FPC (Papadopoulos et al., 2012). Nevertheless, this will 
be a challenging solution, due to cutbacks in forensic psychiatric care in the Netherlands, 
which creates a sobering environment for both sta¤ and patients. However, e¤ectively 
pre-empting physical aggression may also depend on the ability of the sta¤ to not only 
recognize, but to intervene adequately and on time. The most frequently implemented 
de-escalation techniques by sta¤ members are arrangement of facilities, medication, 
and verbal interactions, such as talking to the individual and trying to understand what 
has triggered him (Kuivalainen et al., 2017; Papadopoulos et al., 2012). Yet, whether these 
techniques are e¤ective has not been investigated systematically. Actually, as is evident 
from the heatmap (Figure 1), some patients may, to a certain extent, be in a more or less 
constant state of agitation. Therefore, it is important that sta¤ adequately notice changes 
in the behavioral pattern of each patient and are aware of specific triggers, as they may 
vary between patients. 

From a broader perspective, knowledge about the causes and consequences of aggression 
has increased in recent years. However, translating and integrating these theories into 
aggression treatment is not yet standard practice (Gilbert & Da¤ern, 2010). E¤ective 
aggression regulation treatments are highly needed, however, there is lack of evidenced 
based interventions in forensic psychiatry. Moreover, results of previous randomized 
controlled trials on the e¤ectivity of aggression regulation treatments are inconclusive 
(Ross, Quayle, Newman, & Tansey, 2013). Furthermore, most treatment trajectories 
in forensic psychiatry have a long duration, and due to this drop-out rates are high 
(Hornsveld, Nijman, Hollin, & Kraaimaat, 2008). All these issues highlight the fact that 
treatment of forensic psychiatric inpatients is challenging (Kip, Bouman, Kelders, …, 2018). 
Virtual Reality (VR) may o¤er a solution to let patients learn and practice new behavior in 
a controlled, realistic, safe and personalized environment. Because of this, a novel Virtual 
Reality Aggression Prevention Training (VRAPT) targeting social information processing 
constructs has been developed to reduce aggressive behavior of forensic psychiatric 
inpatients (Tuente et al., 2018). 
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4.1. Strengths and limitations
A major strength of this study was that it was a multicenter study with a large sample: 120 
forensic psychiatric inpatients were included within two years, which entails 8.6% of the 
total male forensic inpatient population of the Netherlands (ForZo in getal 2013-2017, 2018). 
Another strength is the long follow-up period of 30 consecutive weeks of sta¤ reports, 
which provides a clear overview of patients’ aggressive behaviors. Moreover, this study 
combined self-report and sta¤-observed aggressive behaviors measurements to provide a 
more complete picture of inpatient aggressive behaviors. The four participating FPCs were 
instructed to use the structured SDAS measure for sta¤ observations. The implementation 
of the SDAS in all centers enabled us to combine and compare findings on the same 
observation measure for the first time, as FPCs used to have their own method to register 
and report aggressive behavior, which is usually unstructured. 

Our study also had several limitations. First, the SDAS was scored by a single sta¤ 
member, usually the mentor, on a weekly basis. Having multiple raters can increase 
reliability, and sta¤ members can reach consensus on the scoring of the items. 
Furthermore, because sta¤ works in shi¦ts, in some cases, the mentor had to rely on 
reports from colleagues. However, in one of the four centers, the SDAS was completed 
with the entire team at their weekly meeting. Second, there was a selection bias 
imbedded in the design, as only inpatients having (a history of ) problems with 
reactive aggression and who were motivated for aggression treatment were included. 
In practice, some severely aggressive individuals refused to participate because they 
denied having problems with aggressive behaviors. Taken together, these limitations 
restrict the generalizability of the findings. Third, the reliability of the BIS-11 is poor, 
therefore, the analyses of impulsivity should be interpreted with caution. Fourth, the 
information on the physical aggression incidents was limited in this study. We only 
had a score of 3 or 4 on one of the three physical aggression items of the SDAS, but 
no further information, for example on injuries of the victim. In the future, it would be 
helpful to collect more detailed information on the incidents.

4.2. Conclusions and recommendations for future research
The findings in our study provide insights in the prevelance and patterns of aggressive 
behavior in FPCs. Almost one-third of the included inpatients engaged at least once in 
a physically aggressive incident during the 30-week observation period. The mean SDAS 
scores showed that aggressive behaviors are relatively common in such a population. 
Furthermore, the results suggest that structured and weekly monitoring of behavior by 
sta¤ may be used to detect early signs of physical aggressive behavior. Especially increased 
verbal aggression, irritability and a dysphoric mood were indicators of subsequent physical 
aggressive behavior. In line with previous research, self-report questionnaires and clinical 
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characteristics can identify individuals at high risk for inpatient physical aggression. 
However, more research on the sensitivity and specificity of the included self-report 
questionnaires is warranted, before they can be used to monitor aggressive behavior. 

Further research should investigate whether sta¤ observations with the SDAS can be 
combined with preventive interventions to detect the possibility to prevent inpatient 
physical aggression. Furthermore, future research should also include measurements of 
pro-aggressive attitudes and beliefs, such as the Explicit Aggressive Beliefs and Attitudes 
Scale (Michel, Pace, Edun, Sawhney, & Thomas, 2014), and must also pay attention to 
monitoring other dimensions of behavior, such as problem behavior, protective behavior, 
and resocializing behavior (Schuringa et al., 2014). This can provide more information 
regarding intentions, motives and beliefs, and may provide direction for preventive 
interventions and treatment strategies. In addition, e¤ective aggression therapies for 
forensic inpatients are scarce (Ross et al., 2013). As the current study shows that (non-)
physical aggression is very common, new interventions are needed. Therefore, further 
research should focus also the development of new interventions to treat aggressive 
behaviors.
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Abstract

Many forensic psychiatric inpatients have di¹culties regulating aggressive behavior. 
Evidence of e¤ective aggression treatments is limited. We designed and investigated the 
e¤ectiveness of a transdiagnostic application of a virtual reality aggression prevention 
training (VRAPT). In this randomized controlled trial at four Dutch forensic psychiatric 
centers, 128 inpatients with aggressive behavior were randomly assigned to VRAPT (N 
= 64) or waiting list control group (N = 64). VRAPT consisted of 16 one-hour individual 
treatment sessions twice a week. Assessments were done at baseline, post-treatment and 
at 3-month follow-up. Primary outcome measures were aggressive behavior observed by 
sta¤ and self-reported aggressive behavior. Analysis was by intention to treat. This trial was 
registered in the Dutch Trial Register (NTR, TC = 6340). Participants were included between 
March 1, 2017, and December 31, 2018. Compared to waiting list, VRAPT did not significantly 
decrease in self-reported or observed aggressive behavior (primary outcomes). Hostility, 
anger control, and non-planning impulsiveness improved significantly in the VRAPT group 
compared to the control group at post-treatment. Improvements were not maintained at 
3-month follow-up. Results suggest that VRAPT does not decrease aggressive behavior in 
forensic inpatients. However, there are indications that VRAPT temporarily influences anger 
control skills, impulsivity and hostility.
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1. Introduction 

Aggression of forensic psychiatric inpatients is highly prevalent, with recent estimates 
between 31% and 59% of at least one violent assault during hospitalization (Broderick, 
Azizian, Kornbluh, & Warburton, 2016; Verstegen, de Vogel, de Vries Robbé, & Helmerhorst, 
2017). Inpatient aggression threatens safety and wellbeing of both patients and sta¤ 
(Novaco & Taylor, 2015; Papadopoulos et al., 2012). Aggression regulation is a main 
treatment goal in forensic psychiatry, as it is a prerequisite for successful release and re-
socialization. E¤ective aggression interventions are highly needed, but the body of research 
on psychosocial interventions in forensic populations is small.

A systematic review of psychological therapies designed for violent behavior in clinical and 
forensic settings found ten studies, providing tentative support for the e¤ectiveness on 
aggressive behavior. However, the review included only two randomized controlled trials, 
both of cognitive behavioral therapy, one of which had negative outcomes (Ross, Quayle, 
Newman, & Tansey, 2013). Another more recent systematic review included 16 studies 
on the e¤ect of Aggression Replacement Training (ART) on antisocial behavior in young 
people and adults (Brännström, Kaunitz, Andershed, South, & Smedslund, 2016). Although 
results indicated positive e¤ects of ART on recidivism rates and secondary outcomes (e.g., 
social skills), only four studies involved adult samples, and the majority of the included 
studies were of average quality because of non-randomized designs, selection bias, and 
small sample sizes. 

The paucity of evidence on the e¤ectiveness of aggression therapies, may be related to the 
characteristics of forensic populations. A meta-analysis on the e¹cacy of psychological 
treatments for violent o¤enders found only significant treatment e¤ects on community 
recidivism, and not on institutional misconduct (Papalia, Spivak, Da¤ern, & Oglo¤, 2019). 
The authors o¤er several explanations for these findings, e.g., the smaller number of 
studies conducted in inpatient forensic mental settings. Moreover, aggression treatment 
is o¦ten hampered because patients have severe chronic psychiatric and aggression 
problems. Engaging forensic patients in treatment is challenging. Attrition is high, patients 
are o¦ten demoralized or unwilling to change their behavior, and have di¹culties to apply 
therapeutic insights in their daily lives. Furthermore, previous research has shown that 
role-play contributed significantly to reductions in violent recidivism (Papalia et al., 2019), 
but within forensic psychiatric settings, therapists o¦ten feel insecure provoking patients 
in a real-life setting. 
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Virtual Reality (VR) may solve several of the problems listed above. In a virtual environment, 
patients have the opportunity to explore their behavioral reactions to social situations 
and practice new behavior in a safe, controlled, realistic and personalized environment. 
Furthermore, VR interventions also focus on practicing behavior and not only on gaining 
cognitive therapeutic insights. Lastly, it is expected that VR is more enjoyable than current 
psychosocial therapies, which may result in better engagement in treatment, less drop-out 
and no-shows. We developed and tested a virtual reality aggression prevention therapy 
(VRAPT) targeting aggression in a sample of forensic psychiatric inpatients who stay in a 
highly secured setting (Tuente, Bogaerts, Ijzendoorn, & Veling, 2018). 

The current study is a multicenter randomized controlled trial conducted in four forensic 
psychiatric centers. We investigated the e¤ectiveness of VRAPT on aggressive behavior, by 
comparing VRAPT (in addition to treatment as usual) to waiting list (treatment as usual). 

We hypothesized that VRAPT: 
1.  decreases both self-reported and sta¤-reported aggressive behavior;
2.  reduces determinants of aggressive behavior, including anger, impulsivity, and hostility. 
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2. Methods

2.1. Study design and participants
This study was a randomized controlled trial in four forensic psychiatric centers (FPCs) 
in The Netherlands. Patients residing in FPCs are admitted under the judicial measure 
`TBS-order´ (in Dutch: ter-beschikking-stelling: this translates as ‘detained under hospital 
order’). ‘Detained under hospital order’ means that the court has established a relation 
between the o¤ense committed and a psychiatric disorder. Details of the study protocol 
have been published elsewhere (Tuente et al., 2018). 

Inclusion criteria were being a forensic psychiatric inpatient, and being referred by their 
clinical team to the study based on pre-admission history of aggression and/or current 
clinical problems with reactive aggression. Exclusion criteria were (history of) epilepsy, 
insu¹cient mastery of the Dutch language, and an intelligence quotient (IQ) below 70 as 
estimated by an IQ test or their treating specialist. 

This study has been approved by the medical ethical committee of the University Medical 
Centre Groningen, Groningen (number: NL52939.042.15) and was conducted according to the 
Declaration of Helsinki. The study was registered in the Dutch Trial Register (NTR, TC = 6340). 
Patients were informed about the study by a research assistant under the supervision of 
the head of treatment. Written informed consent was obtained, and patients were allowed 
to stop participating at any time without giving a reason, and without consequences for 
their further stay in the FPC. Participants from both groups received 35 euros for their 
participation on the assessments.

2.2. Randomization and masking
Participants were randomly assigned to VRAPT or waiting list. An independent research 
coordinator of the University Medical Center Groningen performed the randomization 
by utilizing the program Research Randomizer. Randomization blocks of two (1:1) were 
generated for each participating FPC separately. Participants were informed of their 
allocation a¦ter the baseline measurement was completed. All assessments were done by 
research assistants. We aimed for assessors blinded for study condition, but this was not 
feasible, because all sta¤ members and research assistants had access to clinical records, 
due to safety reasons and knowing the whereabouts of their patients. Furthermore, most 
participating patients were not allowed to leave the treatment ward without sta¤, so they 
were aware when a patient entered the VR-room. Because of this, only 30 measurements 
at post-measurements, and 28 measurements at follow-up were completely single-blind. 
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2.3. Procedures
Participants completed assessments at baseline (T1; pre-treatment), post-treatment (T2), 
and 3-month follow-up (T3). During the study period, sta¤ was asked to complete an 
observation scale for each participant once weekly, to monitor aggressive behavior at 
the ward. Observation started three months before the intervention and lasted until end 
of follow-up. Participants who dropped out of the treatment were still included in the 
sta¤ observation ratings. Treatment as usual consisted of standard treatments, including 
for instance: medication, psychomotor therapy, schema focused therapy, supportive 
counseling, skills training, or treatment for substance use disorders.Patients were allowed 
to participate as long as it did not directly target their aggression problems. Participants 
in the waiting list were o¤ered VRAPT a¦ter they had completed follow-up measurements. 
The participants from the treatment group, completed a short interview with a research 
assistant at T3. See figure 1 for the CONSORT flow diagram of VRAPT. 

 

64 included in intention-to-treat group 

16 did not complete post-treatment 
assessments, because they dropped-out of 
treatment for several reasons: e.g., drug use, 
heart rhythm disorders, not allowed to leave 
the treatment ward, feeling uncomfortable in 
role playing, moved to another ward/clinic. 

1 was lost to follow-up 

64 allocated to virtual reality aggression 
prevention training (VRAPT) group 
 58 received allocation to the VRAPT 
 6 refused to complete pre-treatment 

assessments 

7 did not complete post-treatment 
assessments, and did not want to participate 
further. 

1 was lost to follow-up 

 

64 allocated to waiting list control (TAU) group 
 
 58 completed pre-treatment assessments 
 6 refused to complete pre-treatment 

assessments 
 
 

Allocation 

Follow-Up 

64 included in intention-to-treat group 

Analysis 

Randomized (n= 128) 

Figure 1. CONSORT flow diagram Virtual Reality Aggression Prevention Training (VRAPT)
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2.4. Intervention
VRAPT consisted of 16 individual biweekly sessions that lasted on average one hour. 
Sessions consisted of VR exercises to practice new and adequate behavior. As a theoretical 
framework for VRAPT the Social Information Processing (SIP) was used. The SIP model 
describes mechanisms how individuals interpret and respond to social situations (Crick 
& Dodge, 1994), and how these can lead to aggressive behavior. The model includes six 
cognitive-emotional steps, which were targeted in VRAPT (Figure 2). Except for the first 
introduction session, every session followed the same format: a short review of the 
previous session, clarification of a step of the SIP model, VR exercise, and discussing 
the VR exercise. Each session ended with an evaluation of the progress in learning goals 
(Tuente et al., 2018). Some examples of learning goals were: “I would like to learn how to 
react assertively, instead of aggressively. Therefore, I want to increase my skills, and to 
make sure I become less frustrated”, “I would learn how to regulate my anger, and react 
in a more prosocial manner”, “I want to discover which triggers and situations make me 
angry and react aggressively, so I can prevent future aggressive outbursts”. The VRAPT 
exercises corresponded to the di¤erent steps of the model and became more di¹cult as 
the VRAPT progressed.

The first two steps of the model are referred to as early information processing, and 
they are about encoding and making attributions of internal and external social cues. 
VR sessions 1 – 5 consisted of exercises on facial emotion recognition, and recognizing 
aggressive behavior of other people. The next four steps of the SIP model are labeled 
late information processing, starting with step three: goal selection. This step involves 
deciding the desired outcome in a given social situation. Steps four, five and six are 
respectively generating, evaluating and enacting responses. Recent evidence suggests 
that reactive aggression is associated with both early and late information processing, 
and deficits in information processing are related to aggressive behavior (Oostermeijer, 
Nieuwenhuijzen, van de Ven, Popma, & Jansen, 2016). From session 6 – 8 VR exercises 
focused on de-escalating aggressive behavior of others (i.e., avatars) and on regulating 
physical arousal (i.e., heart rate and skin conductance). In the second half of the therapy 
(VR session 9 – 16) all SIP steps were integrated into challenging interactive virtual role-
plays. The interactive virtual social scenarios were designed in an iterative process with 
clinicians, VR experts, so¦tware engineers and researchers. The main focus of all sessions 
was teaching participants to cope with provocative behavior of others more adequately 
and to prevent own aggressive outbursts. 
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Three virtual environments (Figure 3) were created with Unity so¦tware by CleVR BV (Del¦t, 
The Netherlands). Within the virtual environments, participants could walk around with a 
Microso¦t Xbox One controller. During sessions, participants wore an Oculus Ri¦t 2 (Oculus 
VR, California, U.S.) a head-mounted display and headphones while they were interacting 
with avatars. Virtual environments and avatars were controlled by the VRAPT therapist (e.g., 
avatars’ body movements and facial expressions). Furthermore, therapists could role-play 
through avatars by using a microphone with voice morphing. Because of this dynamic 
interactive nature of the VR so¦tware, VRAPT could be tailored to the specific needs of 
the participants. This allowed them to design their own learning goals and practice with 
specific triggers. During session 6 – 15, real-time heart rate (HR) and galvanic skin response 
(GSR) were measured and real-time displayed at the therapist interface for feedback on 
physical arousal. At all times, the VRAPT therapist was in control of the virtual environment 
and was able to immediately change and/or stop the virtual environment if necessary (e.g., 
in case a participant became nauseous). 

VRAPT therapists were licensed psychologists and non-verbal therapists (e.g., creative 
therapists, psychomotor therapists). Therapists received 16 hours of training in working 
with the protocol and so¦tware of VRAPT from a licensed psychologist and the main author 
of the treatment protocol (author SKT). Therapists enrolled in VRAPT were required to 
have improvisations skills, and had to be familiar with role-plays. The dynamic VRAPT 
so¦tware allowed for personalized role-plays and exposure exercises with patients. During 
the training, therapists were taught how to select and play relevant social interactions, and 
to bring up core meanings of the aggressive situation. Furthermore, they were trained in 
modulating the verbal and non-verbal response of avatars in order to increase or decrease 
patients’ aggression and emotional responses. An advantage, according to the therapist, is 
that they were able to test the boundaries of aggressive behavior, without disturbing the 
treatment relationship. Although patients were aware that the avatar was played by the 
therapist, they said a¦terwards that they were angry at the avatar, and not at the therapist. 
To ensure treatment integrity, a semi-structured protocol was designed as guidance for the 
VRAPT sessions. In addition, monthly one-hour group videoconferences were organized 
for VRAPT therapists to encourage treatment fidelity and discuss ongoing treatments. 
Furthermore, during the interventions, therapists had to complete session forms, which 
were checked by the research assistants.
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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 2. Theoretical framework of VRAPT. Based on the social information processing (SIP) model 
of Crick and Dodge (1994).

2.5. Outcomes
2.5.1. Primary outcome – aggression
The primary outcome was level of aggressive behavior post-treatment, assessed both with 
sta¤ observation and self-report. Both methods were used because they can complement 
each other, as a limitation of self-report questionnaires in this population is social 
desirability, and sta¤ observations have limitations as aggressive behavior can occur in 
unobserved situations or observations can be biased. Therefore, both observation and 
self-report were used to allow a complete picture of the nature, degree and severity of 
aggressive behavior.

2.5.1.1. Social Dysfunction and Aggression Scale (SDAS) – completed by sta� members
Sta¤ completed the 9-item Social Dysfunction and Aggression Scale (SDAS; Kobes, 
Nijman, & Bulten, 2012; Wistedt et al., 1990) weekly, from three months prior to baseline 
continuously until the end of follow-up. Items were scored on a 4-point scale ranging from 
absent (1) to severe (4). For each item, a general and peak score was scored (Bousardt, 
Hoogendoorn, Noorthoorn, Hummelen, & Nijman, 2016). The peak score refers to the most 
severe aggressive behavior, and the general score to the second most severe aggressive 
behavior in the same week. The SDAS peak score post-treatment (T2) was the primary 
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outcome of the study. Research assistants collected SDAS forms on all wards on a weekly 
basis. In case of a missing form, they reminded the sta¤ members. In case forms were not 
returned a¦ter two weeks, research assistants completed the SDAS form retrospectively, 
based on clinical patient files. In total, 91.5% of 4565 SDAS forms were completed timely 
by sta¤ members.

Figure 3. Virtual environments, (a) supermarket, (b) café, and (c) shopping street. Source: CleVR BV, 
Del¦t, The Netherlands.

2.5.1.2. Aggression Questionnaire (AVL) – completed by participants
Participants completed the Dutch version of the Aggression Questionnaire (AVL; Meesters, 
Muris, Bosma, Schouten, & Beuving, 1996). This 29-item questionnaire assesses four sub 
traits of aggression, i.e., physical aggression, verbal aggression, anger and hostility (Buss 
& Perry, 1992). The AVL total score post-treatment (T2) was the other primary outcome of 
the study.

A

C

B
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2.5.2. Secondary outcomes
Secondary outcomes were used to measure constructs related to the SIP model of 
aggression: impulsivity, measured with the Barratt Impulsiveness Scale (BIS-11; Patton, 
Stanford, & Barratt, 1995); hostility, measured with the Buss-Durkee Hostility Inventory-
Dutch (BDHI-D; Lange, Hoogendoorn, Wiederspahn, & de Beurs, 1995); anger, measured with 
the Novaco Anger Scale and Provocation Inventory (NAS-PI; Hornsveld, Muris, & Kraaimaat, 
2011); and the State-Trait Anger Expression Inventory-2 (STAXI-2; Hovens, Lievaart, & 
Rodenburg, 2014); type of aggression, measured with the Reactive-Proactive Questionnaire 
(RPQ; Domburgh & Popma, 2003); and hostile attribution bias, as measured with the Hostile 
Interpretation Bias Task (HIBT; Smeijers, Rinck, Bulten, van den Heuvel, & Verkes, 2017).

2.5.3. Other measures
Other measures included: Sociodemographic information, the Child Trauma Questionnaire-
Short Form (CTQ-SF; Bernstein et al., 2003); the Igroup Presence Questionnaire (IPQ; 
Schubert, Friedmann, & Regenbrecht, 2001), and a short interview at follow-up about 
experiences with VRAPT was done by a research assistant. The aim of the interview was 
to collect user experiences and to provide information on the impact, benefits and 
disadvantages of VRAPT as perceived by the participants.

2.6. Statistical analyses
No prior studies on VR aggression prevention interventions were available. We aimed for 
a moderate e¤ect size of 0.5 on primary outcomes. Using this e¤ect size with a β-power 
of 0.80, alpha of 0.05 and an independent two-sided t-test to evaluate the main outcome, 
64 subjects were required in each condition, total N = 128. 

There were missing values on several questionnaires due to unwillingness to complete 
some questions, not understanding the question, or because they were forgotten. Subscales 
and total scores were still computed if one missing was present in a scale with less than 
ten items; for subscales with more than ten items, two missing values were allowed. 

Data were analyzed with IBM SPSS Statistics Version 24.0. Armonk, New York, U.S.. 
Significance was accepted at 0.05. To identify any baseline di¤erences between the VRAPT 
and waiting list group, groups were compared on baseline values of outcome measures, 
socio-demographic and clinical characteristics with t-tests, chi-squared tests or the non-
parametric Mann-Whitney U test. Next, VRAPT completers and VRAPT treatment dropouts 
were compared on baseline characteristics. 
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Intention-to-treat analyses were performed on all outcome measures. Outcomes were 
analyzed with multilevel analysis (MIXED command). Multilevel analyses were performed 
as these have a hierarchical structure; repeated measures (level 1) are nested within 
individuals (level 2). Assumptions for multilevel analyses were checked. Multilevel models 
included fixed e¤ects for time (baseline-post-treatment or baseline-follow-up), group 
(VRAPT or waiting list) and the interaction time X group, and a random intercept for 
participant. The covariance structure was set to identity and models were estimated with 
the maximum likelihood method. For the variables: age, study site, baseline SDAS peak 
score and highest completed education level there were baseline di¤erences between 
groups, therefore these variables were included as covariates in all analyses. If Treatment 
e¤ects were established by the time X group interaction separately for post-treatment 
(T2) and follow-up (T3) by comparing them separately to pre-treatment (T1). E¤ect sizes 
for treatment e¤ects at post-treatment and follow-up were calculated with Cohen’s d, by 
calculating the e¤ect size for the di¤erence scores T1-T2 as well as T1-T3 between groups 
(Faraone, 2008).
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3. Results

In total, 128 forensic inpatients were included between 1 March 2017, and 31 December 2018. 
See Figure 1 for the inclusion flow-chart. Sociodemographic and clinical characteristics 
are presented in Table 1. 

Of the VRAPT group, 67% completed all 16 VRAPT sessions. Thirteen patients (20%) dropped 
out during the therapy. These drop-out rates are similar to other studies conducted on 
psychological therapy for aggression in inpatients wards (Cullen et al., 2012; Tarrier et 
al., 2010; Wilson et al., 2013). Reasons for discontinuation of the VRAPT were: drug use, 
cardiac arrhythmia, security restrictions, feeling uncomfortable during role-playing, 
moved to another clinic that was not participating in this study. Eight patients (13%) 
never started VRAPT a¦ter randomization. Patients who completed the VRAPT intervention 
did not di¤er significantly from the treatment drop-outs, except for age of first conviction. 
Treatment drop-outs were on average three years younger (M = 17, SD = 3.60) during their 
first conviction than the completers (M = 20, SD = 5.65; t(57) = 2.02; p = 0.05). No serious 
adverse events were reported and only one adverse event was reported. One participant 
experienced cardiac arrhythmias and linked this to the physiological measurements in 
VRAPT. A¦ter this incident, he refused to continue VRAPT. Participants felt moderately 
present in the virtual environments on all three subscales of the IPQ (range 0–6): spatial 
presence (M = 3.12, SD = 1.1), involvement (M = 2.5, SD = 1.6), and realness (M = 2.18, SD = 1.3). 

Means and standard deviations of all outcome measures are presented in Table 2, and test 
results are presented in Table 3. Concerning primary outcomes, there were no significant 
changes in sta¤-rated aggression in both groups. The means of self-reported aggression 
decreased both in the VRAPT and the control group, though these changes were not 
significant (T1-T2, F = 1.91(101.04), p = .17; T1-T3, F = 1.44(100.42), p = .23), but there was no 
e¤ect of VRAPT treatment.

From baseline to post-treatment significant treatment e¤ects (time X group interaction) 
were observed for aggression and hostility (BDHI-D total), direct aggression (subscale 
BDHI-D), non-planning (subscale BIS-11), anger control – out (subscale STAXI-2), and anger 
expression index (subscale STAXI-2). In all of these subscales/ total scores, the VRAPT 
group improved more than the waiting list group. However, these improvements were 
not maintained at three-month follow-up. No significant treatment e¤ects were found 
for primary or secondary outcome measures at three-month follow-up. According to 
the interviews at follow-up, most participants valued VRAPT as addition to their current 
treatment. Half of them experienced positive changes in their daily life (Table 4).
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Table 1. Baseline characteristics.

VRAPT Group
(n = 64)

Waiting List 
(n = 64)

M (SD) 
or n %

M (SD) 
or n %

p

Age, in years 39.4 (10.6) 38.0 (10.0) t (126) = 0.80 0.43

Dutch origin 47 73% 51 80% X²(1) = 0.70 0.40

Highest completed education level X²(5) = 4.28 0.51

None 4 6% 6 9%

Lower education 45 70% 36 56%

Intermediate education 7 11% 7 11%

Tertiary education 2 3% 2 3%

Lower special education 5 8% 12 19%

Missing 1 2% 1 2%

DSM-5 diagnosis *

Schizophrenia 12 19% 14 22%

Schizoa¤ective disorder 0 0% 2 3%

Delusional Disorder 0 0% 2 3%

Psychotic disorder Not Otherwise 
Specified (NOS)

6 10% 4 6%

Paranoid personality disorder 0 0% 1 2%

Antisocial personality disorder 22 35% 26 41%

Borderline personality disorder 13 21% 3 5%

Narcissistic personality disorder 4 6% 3 5%

Dependent personality disorder 1 2% 1 2%

Personality disorder NOS 25 40% 27 43%

Autism spectrum disorder 5 8% 12 19%

Attention-deficit/hyperactivity disorder 11 17% 8 13%

Pedophilia 4 6% 4 6%

Other paraphilias 3 5% 2 3%

First-o¤ender 4 6% 5 8% X²(1) = 0.12 0.73

Age at first conviction, in years 18.9 (5.2) 18.9 (6.6) t (116) = 0.02 0.99
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Table 1. Continued.

VRAPT Group
(n = 64)

Waiting List 
(n = 64)

M (SD) 
or n %

M (SD) 
or n %

p

Type of first o¤ense (n = 119) *

(Attempted) homicide 4 6% 3 5%

Sexual o¤ense 4 6% 1 2%

Violent o¤ense 26 41% 26 41%

Property o¤ense 28 44% 29 45%

Arson 2 3% 3 5%

Other 11 17% 10 16%

Age at index o¤ense, in years 31.3 (9.8) 29.5 (9.2) t (126) = 1.10 0.27

Type of index o¤ense *

(Attempted) homicide 31 49% 23 36%

Sexual o¤ense 16 25% 20 31%

Violent o¤ense 37 59% 37 58%

Property o¤ense 17 27% 18 28%

Arson 4 6% 3 5%

Damage of index o¤ense *

No injury 10 16% 6 9%

Physical injury 34 53% 40 63%

Deadly injury 11 17% 8 13%

Material damage 15 23% 15 23%

Psychological neglect 5 8% 7 11%

Missing 5 8% 4 6%

Childhood trauma (CTQ-SF) (N = 55) (N = 57)

Childhood trauma total 53.8 (20.8) 53.5 (20.7) U = 1502 0.95

Emotional Abuse 11.4 (5.6) 11.0 (5.6) U = 1508.5 0.55

Emotional Neglect 13.0 (5.4) 13.4 (6.1) U = 1584.5 0.79

Psychical Abuse 11.2 (6.6) 9.9 (6.2) U = 1376.5 0.32

Psychical Neglect 10.8 (3.4) 11.0 (2.7) U = 1787.5 0.26

Sexual Abuse 7.9 (5.4) 8.6 (5.8) U = 1681 0.45

Note. * These variables do not add to a total score as there is overlap between e.g., diagnoses and 
types of o¤enses committed by the same person.
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Table 2. Summary statistics of primary and secondary outcomes.

VRAPT

Pre Post

Instrument M SD M SD

Sta�-rated n = 64 n = 63

Peak aggression (primary outcome) SDAS 6.9 6.4 6.9 6.7

General aggression SDAS 4.0 4.5 4.3 5.0

Aggression n = 58 n = 43

Aggression—total (primary outcome) AVL 81.0 18.0 73.5 19.1

Physical aggression AVL 27.6 8.6 24.0 8.8

Verbal aggression AVL 14.9 3.0 14.1 3.2

Anger AVL 18.1 5.1 16.3 5.0

Hostility AVL 20.6 5.9 19.0 6.1

Reactive and proactive aggression—total RPQ 18.8 9.4 11.5 10.1

Proactive aggression RPQ 7.6 5.6 4.4 5.3

Reactive aggression RPQ 11.3 4.6 7.1 5.6

Aggression and hostility—total BDHI_D 20.0 6.2 17.2 6.8

Direct aggression BDHI_D 10.1 3.9 7.9 4.4

Indirect aggression BDHI_D 8.0 4.2 6.7 4.4

Social desirability BDHI_D 2.0 1.3 2.5 1.4

Anger

State anger STAXI-2 18.1 6.6 17.0 5.0

Trait anger STAXI-2 18.0 5.2 16.4 4.9

Anger expression—Out STAXI-2 17.0 4.6 15.5 3.8

Anger expression—In STAXI-2 17.1 3.6 17.0 4.3

Anger control—Out STAXI-2 21.2 5.1 23.1 5.5

Anger control—In STAXI-2 22.0 4.9 23.6 5.5

Anger expression index STAXI-2 38.6 12.8 33.7 13.8

Anger NAS-PI 86.9 15.8 80.9 16.1

Other

Provocation NAS-PI 51.4 11.8 48.3 14.0

Impulsivity—total BIS-11 63.5 11.5 59.1 11.2

Motor BIS-11 22.8 4.3 20.9 3.8

Cognition BIS-11 15.7 3.6 14.9 4.1

Non-planning BIS-11 25.0 5.6 23.3 5.3

Hostile interpretation bias HIBT 133.6 76.7 123.7 63.9
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VRAPT Waiting List Control

Follow-up Pre Post Follow-up

M SD M SD M SD M SD

n = 62 n = 64 n = 64 n = 62

6.9 6.7 6.2 6.9 6.6 7.0 6.2 6.6

4.1 5.1 3.6 5.0 3.8 4.7 3.6 4.5

n = 42 n = 58 n = 51 n = 50

70.8 18.1 83.1 19.1 76.7 20.8 69.7 21.2

22.0 8.5 28.0 8.3 24.2 9.0 21.5 8.7

13.9 2.9 14.9 2.9 14.3 3.2 13.3 3.6

15.7 5.1 18.3 5.5 17.5 5.6 16.4 5.8

19.2 6.4 21.9 7.0 20.7 7.4 18.5 7.1

10.0 11.4 18.9 9.5 12.5 10.7 11.8 10.7

3.7 6.0 7.8 5.4 5.3 6.3 4.8 5.9

6.3 5.9 11.2 5.1 7.3 5.2 7.0 5.5

18.0 7.2 19.3 6.8 19.9 7.4 18.0 7.6

8.4 4.5 9.3 3.9 8.9 4.0 8.5 4.1

7.1 4.5 8.0 4.4 8.7 5.0 7.2 5.1

2.5 1.3 2.0 1.3 2.3 1.4 2.2 1.3

18.2 7.3 17.8 5.6 17.8 6.3 16.7 3.9

16.5 6.0 17.5 5.5 17.2 6.3 15.8 5.6

15.7 4.4 16.0 4.6 16.0 4.5 15.7 4.7

17.1 4.1 16.9 3.7 16.8 3.6 15.8 3.9

22.8 5.3 21.0 5.3 20.9 5.0 21.5 5.2

23.9 5.5 22.5 5.7 22.3 5.2 22.6 5.7

34.4 15.2 37.4 13.9 37.6 12.7 35.4 13.6

80.1 17.8 86.9 15.9 84.0 16.7 79.8 17.7

50.0 15.9 51.0 13.2 49.7 14.0 48.2 13.6

59.9 11.8 62.9 12.1 62.9 10.7 59.5 12.6

21.2 4.3 22.1 4.8 21.6 4.5 20.4 5.2

15.1 3.6 15.9 4.4 16.1 3.8 15.4 4.4

23.6 5.3 24.8 5.3 25.1 5.1 23.9 5.2

131.9 70.8 143.6 75.1 145.0 75.7 132.9 69.6
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Table 3. Estimates of treatment e¤ects from multilevel regression models.

        Pre-Post  

   Instrument b t df p

Sta�-rated          

Peak aggression (primary outcome) SDAS 0.15 0.27 127.3 0.79

General aggression SDAS −0.08 −0.17 127.5 0.87

Aggression          

Aggression—total (primary outcome) AVL 0.18 0.06 99.8 0.95

Physical aggression AVL −0.77 −0.55 103.1 0.58

Verbal aggression AVL 0.05 0.10 101.7 0.92

Anger AVL 0.52 0.67 100.8 0.51

Hostility AVL 0.50 0.42 99.6 0.67

Reactive and proactive aggression—total RPQ −0.23 −0.12 102.7 0.90

Proactive aggression RPQ −0.12 −0.12 100.3 0.91

Reactive aggression RPQ −0.08 −0.08 105.3 0.93

Aggression and hostility—total BDHI_D 2.74 2.38 99.8 0.02*

Direct aggression BDHI_D 1.17 2.05 99.0 0.04*

Indirect aggression BDHI_D 1.66 1.94 102.5 0.06

Social desirability BDHI_D −0.09 −0.34 102.8 0.74

Anger

State anger STAXI-2 1.13 0.81 98.0 0.42

Trait anger STAXI-2 0.99 1.26 101.2 0.21

Anger expression—Out STAXI-2 1.32 1.76 101.5 0.08

Anger expression—In STAXI-2 −0.11 −0.17 101.8 0.86

Anger control—Out STAXI-2 −1.76 −2.40 96.7 0.02*

Anger control—In STAXI-2 −1.38 −1.46 102.8 0.15

Anger expression index STAXI-2 4.41 2.21 98.1 0.03*

Anger NAS-PI 1.21 0.53 98.9 0.60

Other          

Provocation NAS-PI 1.85 1.06 98.3 0.29

Impulsivity—total BIS-11 3.43 1.77 100.4 0.08

Motor BIS-11 1.11 1.34 99.1 0.18

Cognition BIS-11 0.73 0.96 103.0 0.34

Non-planning BIS-11 1.59 2.07 99.3 0.04*

Hostile interpretation bias HIBT 10.93 0.93 76.3 0.36

Note. * p < 0.05; the interaction e¤ects of time by treatment condition are shown. E¤ect sizes 
for the treatment e¤ect were calculated with Cohen’s d on the di¤erence scores T1-T2 and T1-T3 
between the groups. b = beta coe¹cient.
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          Pre-Follow-up      

95% CI E¤ect size b t df p 95% CI E¤ect size

                   

−0.98 1.29 0.05 −0.01 -0.02 125.1 0.98 -0.60 0.59 0

−0.97 0.82 0.03 −0.08 -0.30 125.9 0.76 -0.58 0.43 0.05

                   

−5.63 5.99 0.02 −1.70 −1.10 98.9 0.27 −4.77 1.37 0.19

−3.55 2.01 0.11 −0.63 −0.80 104.0 0.42 −2.18 0.92 0.15

−0.99 1.10 0.01 −0.35 −1.23 102.2 0.22 −0.92 0.22 0.26

−1.03 2.08 0.12 0.13 0.34 98.9 0.73 −0.63 0.89 0.07

−1.85 2.85  0.12 −0.86 −1.57 97.7 0.12 −1.94 0.23  0.28
0.05−3.96 3.50 0.37 0.40 0.42 102.2 0.68 −1.49 2.28

−2.15 1.92 0.09 0.14 0.28 99.9 0.78 −0.85 1.14  0

−2.02 1.86 0.03 0.30 0.59 104.5 0.56 −0.70 1.30 0.12

0.45 5.02 0.44 0.12 0.22 96.2 0.83 −0.97 1.20 0.02

0.04 2.31 0.38 0.30 1.04 97.5 0.30 −0.27 0.87 0.18

−0.04 3.36 0.32 −0.08 −0.21 96.2 0.83 −0.82 0.66 0.08

−0.61 0.43 0 −0.11 −0.83 99.5 0.41 −0.36 0.15 0.12

             

−1.64 3.90 0.16 −0.59 −0.78 104.1 0.44 −2.09 0.91 0.10

−0.56 2.54 0.25 −0.26 −0.63 99.5 0.53 −1.09 0.56 0.14

−0.17 2.81 0.33 0.36 0.95 98.3 0.34 −0.39 1.10 0.18

−1.37 1.15 0.03 −0.54 −1.54 100.5 0.13 −1.23 0.15 0.28

−3.22 -0.30 0.48 −0.40 −0.91 94.8 0.36 −1.26 0.47 0.16

−3.26 0.50 0.25 −0.67 −1.40 100.3 0.16 −1.61 0.28  0.23

0.45 8.36 0.46 0.84 0.80 94.4 0.42 −1.23 2.90 0.17

−3.33 5.75 0.07 −1.11 −0.95 97.1 0.34 −3.44 1.21 0.23

                   

−1.60 5.31 0.23 −0.88 −0.99 96.1 0.33 −2.65 0.89 0.20

−0.41 7.27 0.30 −0.23 −0.26 97.3 0.80 −2.02 1.55 0.08

−0.53 2.76 0.21 −0.20 −0.49 98.1 0.63 −1.03 0.62 0.15

−0.77 2.23 0.14 0.02 0.05 99.3 0.96 −0.66 0.69 0.01

0.06 3.12 0.39 0.08 0.20 97.6 0.84 −0.68 0.83 0.03

−12.57 34.43 0.18 −5.99 −0.88 73.2 0.38 −19.62 7.64 0.27
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Table 4. Answers to interview questions for participants of the VRAPT condition who completed the 
therapy at follow-up (N = 38).

Question Answers n (%)

Did you work on your learning 
goals?

Yes 26 (68.4%)

No, or not really 7 (18.4%)

Don’t know 5 (13.2%)

Do you notice a di¤erence in your 
daily life?

Yes 19 (50%)

A little 3 (7.9%)

No, or not really 16 (42.1%)

Is this therapy an addition to other 
therapies?

Yes 29 (76.3%)

No, or not really 4 (10.5%)

Not for me personally, but for other patients 5 (13.2%)

Note: n(%) refers to the number and percentage of participants who provided a certain answer. 
Data of 4 participants was missing at follow-up.
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4. Discussion

The present study investigated the e¤ect of a novel virtual reality aggression prevention 
therapy (VRAPT) in forensic psychiatric inpatients. We engaged and treated a large sample 
of forensic psychiatric inpatients with aggressive behavior problems. No significant 
improvements were found a¦ter VRAPT compared to waiting list on the primary outcomes: 
sta¤-rated aggressive behavior and self-reported aggression. With regard to secondary 
outcomes, self-reported aggression, anger, hostility and impulsivity decreased in both 
groups over time. We found positive treatment e¤ects of VRAPT on self-reported direct 
aggression and hostility, anger control skills, anger expression index and non-planning 
impulsiveness (i.e., self-control and cognitive complexity). These e¤ects were not 
maintained at 3-month follow-up. 

The findings of this study are in line with the modest results of previous aggression 
treatment studies in forensic populations (Brännström et al., 2016; Ross et al., 2013). Recently, 
in the Swedish Prison and Probation Services, the largest controlled e¤ectiveness study of 
ART on recidivism among convicted adult o¤enders was performed. They compared 1,124 
o¤enders who began ART with 3,372 matched comparisons o¤enders who did not receive 
ART (2003–2009) (Lardén, Nordén, Forsman, & Långström, 2018). Intention‐to‐treat analyses 
suggested no advantage for ART in reducing recidivism, although subgroup analyses with 
ART completers only suggested small reductions in general –not violent– reo¤ending. 

Thus, previous literature indicates that aggressive behavior of forensic patients is not 
easily changed. Recommendations for improvement of aggression treatments included 
use of other perspectives than cognitive behavioral therapy, such as individualized training 
of new skills for real-life risk situations, focusing on destabilizers (i.e., impair decision 
making), and role-playing as a key component of treatment (Jolli¤e & Farrington, 2007). 
Furthermore, it was highlighted that studies that used role-playing were more e¤ective 
in reducing (violent) re-o¤ending than those that did not (Jolli¤e & Farrington, 2007). 
Although our intervention incorporated these recommendations, the results of our study 
revealed that VRAPT was also not e¤ective in reducing aggressive behavior based on 
sta¤ rating and self-report of forensic psychiatric inpatients. There are several possible 
explanations for these results.

First, the content of VRAPT was based on the SIP model (Crick & Dodge, 1994; Lemerise 
& Arsenio, 2000), which is o¦ten used as an explanatory model for reactive aggression in 
children and adolescents, and is also a part of other aggression treatments such as ART 
(Brännström et al., 2016). However, this model has some limitations. Early experiences 
(e.g., childhood trauma) and emotional states are not explicitly represented in the steps 
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of the SIP model, whereas they are quite relevant for aggressive behavior. For instance, 
childhood trauma (such as emotional abuse or witnessing violence) is highly prevalent 
among forensic inpatients and has been associated with aggressive behavior in adulthood 
(Sansone, Leung, & Wiederman, 2012). Therefore childhood trauma may well be an 
important determinant of aggression in prisoners (Sarchiapone, Carli, Cuomo, Marchetti, 
& Roy, 2009). Furthermore, childhood trauma was associated with increased social stress 
reactivity in a previous VR study (Veling, Counotte, Os, & Gaag, 2016). Thus, exploration of 
impact of childhood trauma on emotions and behavior in social interactions might be a 
valuable addition to VRAPT.

Second, the VRAPT approach was transdiagnostic. Whereas this design has important 
advantages in forensic settings, the considerable comorbidity of psychiatric disorders of 
patients in forensic psychiatry, may have contributed to the lack of significant treatment 
e¤ects. For instance, appraisals and attributions to other’s behaviors are also dependent 
on diagnosis. In psychosis, the tendency of patients to perceive others as hostile is linked 
to paranoid ideation (Broome et al., 2007). However, in other disorders, these attributions of 
intent may be a¤ected by other cognitive biases or psychological mechanisms, which may 
have been targeted to a lesser degree in VRAPT. Thus, in the current study, the inclusion 
of patients with di¤erent psychiatric disorders may have reduced the overall e¤ect of the 
VRAPT.

Third, generalization of VRAPT experiences to daily life may have been less than optimal. 
Participants did not receive homework assignments and were not explicitly encouraged to 
practice new skills and behavior on the wards between the VRAPT sessions. Furthermore, 
there was a discrepancy between the VR environments and the patients’ daily life. Some 
situations, e.g., being in a bar or supermarket, did not directly relate to their life in the 
highly secured treatment ward. Due to the study design, VRAPT was used as a separate 
treatment module, and this may have hampered the integration of VRAPT in regular care 
and treatment. 

Fourth, VR might not be suitable for treatment of aggression of forensic psychiatric 
patients. However, this is not very likely, as the motivation of forensic psychiatric inpatients 
to participate in VRAPT was high, as evidenced by the high inclusion rate. In addition, most 
patients and therapists were positive about VRAPT, and during the follow-up interviews, 
many participants were able to recall what they had learned (e.g., more insight into their 
triggers; awareness of their physiological arousal). Moreover, during sessions, therapists 
observed that the VR role-plays clearly elicited emotions and behavior, indicating that 
participants were able to practice and were immersed in the VR environments. 
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Fi¦th, the outcome measures may have been suboptimal. The primary goal of VRAPT was 
to reduce aggression by improving social information processing mechanisms and training 
participants to react adequately in provocative and challenging situations. Our findings 
are similar to the findings from a meta-analysis that showed no significant treatment 
e¤ect of aggression therapy on institutional behavior (Papalia et al., 2019). In the current 
study, behavior and skills in social situations were not explicitly measured, and no 
validated questionnaires were available to measure the di¤erent steps of the SIP model. 
Furthermore, the use of questionnaires demands a certain level of cognitive skills and 
insight, which not all participants may have had. In addition, while the SDAS is a behavioral 
observation scale, it was measured on the wards. Some patients were already working 
outside the clinic, and some incidents may have remained out of the sight of sta¤. Further, 
the SDAS intends to measure subtle forms of aggression, such as irritation, not cooperating 
with sta¤ and negativism. Sta¤ members in forensic psychiatry are o¦ten confronted with 
more violent forms of aggression and therefore may overlook, or not notice, more subtle 
forms of aggression. 

4.1. Strengths and limitations
A strength of this study was that we successfully conducted a relatively large, rigorous 
randomized clinical trial of aggression treatment in forensic inpatients, which has hardly 
been done before (Ross et al., 2013). We achieved to include 128 inpatients of four forensic 
psychiatric centers within 1.5 years. This high inclusion rate seems to reflect a high 
willingness to engage in VR therapy, which is important as forensic psychiatric inpatients 
are o¦ten hard to motivate. Although drop-out rates are comparable to other studies, most 
reasons for drop-out were not related to the VR. Second, to the best of our knowledge, 
this study was the first study to investigate a VR-based treatment in forensic psychiatry. A 
recent systematic review concluded from pioneering studies that VR is a promising method 
in forensic psychiatry, but did not find any published VR intervention study (Kip, Bouman, 
Kelders, & Gemert-Pijnen, 2018). The current study may therefore break new grounds in 
this field of research.

This study also had several limitations. Self-report measurements may have been too 
di¹cult for some participants, as some sentences and statements within the self-report 
questionnaires required a relatively high language level. Another limitation was a possible 
selection bias, as the most aggressive inpatients were not approached to participate, 
because the treatment supervisor did not consent to participation because of possible 
risks. Participants who dropped-out of VRAPT also had higher average SDAS scores and 
were on average 3 years younger at their first conviction than the group that completed 
treatment. A considerable part of the drop-outs had relatively severe aggression problems, 
thus the training may have been too intensive or confronting for them. However, most 
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reported reasons for drop-out were attributable to treatment motivation problems in 
general, such as aggression or drug incidents on the wards. In addition, human aggression 
is complex behavior. E¤ective therapy for forensic patients with chronic and severe 
psychiatric and behavioral problems requires thorough and repeated training of new 
behavior, integrating of several factors, such as the social environment, individual factors 
and current emotions. It is questionable whether 16 VRAPT sessions were su¹cient to 
achieve this, given an average treatment period of eight years TBS-treatment in a FPC 
(Papalia et al., 2019). In addition, within this highly secured setting, it was not possible to 
keep research assistants blind about the condition of the participants. Research assistants 
were employees of the institutions and had to have access to the daily reports of the 
inpatients because of clinical and security reasons. Further, many participants could not 
be prevented to talk about their VR experiences during the measurements. In the current 
study, collection of pharmacological data (i.e., medication) was hampered due to limited 
access into medical files. For future studies, it would be relevant to collect this data and 
assess the possible influence of medication on the treatment of aggression. Also, in the 
current study we did not have information on eligibility assessment. Treatment supervisors 
wanted to screen their patients on eligibility and willingness to participate, before they 
were visited by the independent research assistant. It was not feasible to collect data on 
how many patients they had screened. Finally, for secondary outcomes the p-value was 
not corrected for multiple testing this could have resulted in unjustifiably finding an e¤ect.

4.2. Implications and future research
A key implication of the current study is that it is di¹cult to establish treatment e¤ects 
and change aggressive behavior of forensic inpatients. Many forensic inpatients reside 
in prisons and forensic psychiatric care for many years, and have persistent psychiatric, 
behavioral and motivational problems. More comprehensive theoretical models and 
more clinical research are needed to improve e¹cacy of aggression therapy as part of a 
comprehensive treatment program for forensic psychiatric inpatients. As participants and 
therapists repeatedly reported that VRAPT was a relevant addition to patients’ treatment 
programs and that they enjoyed practicing new behavior in VR, further research of VR 
aggression treatment is warranted. E¤ectiveness of VRAPT may be improved by adding 
and repeating sessions, creating virtual scenarios closer to day-to-day experiences of 
inpatients, integrating VR with other components of the treatment program and extending 
biofeedback functionalities.

In future studies, implicit aggression measurements and role-play measures to evaluate 
social information processing or new behavior in (provocative) social situations may be 
added to the self-report questionnaires and behavioral observations. One needs to be 
aware of the highly restricted environment in which the patients are supported by sta¤ to 
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inhibit anger and avoid conflicts. They can present themselves in a socially desirable way, 
or come across as detached, defiant or uncooperative, which influences sta¤ observations 
(Bernstein et al., 2012). Therefore, measuring aggressive ideations in a more implicit or 
experimental way may provide more insight in aggression of forensic psychiatric inpatients. 
Furthermore, when VRAPT is applied in a sample of participants who are already working 
or residing outside an FPC, it may be worthwhile to consider observed-rated measures 
including perceptions of relatives and friends, on top of sta¤-observations. This could 
provide a more meaningful reflection of change.

Finally, VR aggression treatment should be investigated in other populations with 
aggressive behavior problems, such as prisoners in a regular prison ward. VRAPT could 
also be tested in forensic and non-forensic outpatient samples. Forensic patients that are 
under semi-restricted measures (i.e., can go outside at particular times), or for those who 
are about to be discharged may benefit more from VRAPT. Outpatients experience more 
provocative triggers in their daily life than inpatients in a highly restrictive environment. 
In addition, it is expected that outpatients may have a more intrinsic request for help 
to reduce aggressive behavior. Moreover, outpatients are not punished when displaying 
(minor) aggression, so they are probably more open about misbehaviors. Therefore, these 
populations might benefit of VRAPT, as they have more opportunities to practice and 
generalize what they have learned in real-life.



Chapter 6

166

References

Bernstein, D. P., Arntz, A., Vos, M. De. (2012). Schema focused therapy in forensic settings: Theoretical 
model and recommendations for best clinical practice. International Journal of Forensic Mental 
Health, 6(2), 169-183. https://doi.org/10.1080/14999013.2007.10471261

Bernstein, D. P., Stein, J. A., Newcomb, M. D., Walker, E., Pogge, D., Ahluvalia, T., … Zule, W. (2003). 
Development and validation of a brief screening version of the Childhood Trauma Questionnaire. 
Child Abuse and Neglect, 27(2), 169–190. https://doi.org/10.1016/S0145-2134(02)00541-0

Bousardt, A., Hoogendoorn, A. W., Noorthoorn, E. O., Hummelen, J. W., &, & Nijman, H. L. (2016). 
Predicting inpatient aggression by self‐reported impulsivity in forensic psychiatric patients. 
Criminal Behaviour and Mental Health, 26(3), 161–173. https://doi.org/10.1002/cbm.1955

Brännström, L., Kaunitz, C., Andershed, A. K., South, S., & Smedslund, G. (2016). Aggression replacement 
training (ART) for reducing antisocial behavior in adolescents and adults: A systematic review. 
Aggression and violent behavior, 27, 30-41. https://doi.org/10.1016/j.avb.2016.02.006

Broderick, C., Azizian, A., Kornbluh, R., & Warburton, K. (2016). Prevalence of physical violence in a forensic 
psychiatric hospital system during 2011-2013: Patient assaults, sta¤ assaults, and repeatedly 
violent patients. Violence in psychiatry, 49-63. https://doi.org/10.1017/S1092852915000188

Broome, M. R., Johns, L. C., Valli, I., Woolley, J. B., Tabraham, P., Brett, C., … McGuire, P. K. (2007). Delusion 
formation and reasoning biases in those at clinical high risk for psychosis. The British Journal of 
Psychiatry, 191(S51), s38-s42. https://doi.org/10.1192/bjp.191.51.s38

Buss, A. H., & Perry, M. (1992). The Aggression Questionnaire. Journal of Personality, 63(3), 452–459. 
https://doi.org/10.1037/0022-3514.63.3.452

Crick, N. R., & Dodge, K. A. (1994). A Review and Reformulation of Social Information-Processing 
Mechanisms in Children’s Social Adjustment. Psychological Bulletin, 115(1), 74–101. https://doi.
org/10.1037/0033-2909.115.1.74

Cullen, A. E., Clarke, A. Y., Kuipers, E., Hodgins, S., Dean, K., & Fahy, T. (2012). A multisite randomized trial 
of a cognitive skills program for male mentally disordered o¤enders: Violence and antisocial 
behavior outcomes. Journal of consulting and clinical psychology, 80(6), 1114. https://doi.
org/10.1037/a0030291

Domburgh, L., & Popma, A. (2003). Reactive and Proactive Questionnaire [Dutch translation]. 
Duivendrecht, The Netherlands.

Faraone, S. V. (2008). Interpreting estimates of treatment e¤ects: implications for managed care. 
Pharmacy and Therapeutics, 33(12), 700.

Hornsveld, R. H. J., Muris, P., & Kraaimaat, F. W. (2011). The Novaco Anger Scale-Provocation Inventory 
(1994 Version) in Dutch Forensic Psychiatric Patients. Psychological Assessment, 23(4), 937–944. 
https://doi.org/10.1037/a0024018

Hovens, J. E., Lievaart, M., & Rodenburg, J. J. (2014). STAXI-2: Vragenlijst over boosheid. Hogrefe, 
Amsterdam.

Jolli¤e, D., & Farrington, D. P. (2007). A systematic review of the national and international evidence 
on the e¤ectiveness of interventions with violent o¤enders.

Kip, H., Bouman, Y. H. A., Kelders, S. M., & Gemert-Pijnen, L. J. E. W. C. van. (2018). eHealth in treatment 
of O¤enders in Forensic mental Health : a Review of the current State, 9(February), 1–19. https://
doi.org/10.3389/fpsyt.2018.00042



VRAPT versus waiting list control for forensic psychiatric inpatients: a multicenter randomized controlled trial

167

CHAPTER 6

Kobes, M. H. B. M., Nijman, H. H. L. I., & Bulten, E. B. H. (2012). Assessing aggressive behavior in 
forensic psychiatric patients: validity and clinical utility of combining two instruments. Archives 
of Psychiatric Nursing, 26(6), 487–494. https://doi.org/10.1016/j.apnu.2012.04.004

Lange, A., Hoogendoorn, M., Wiederspahn, A., & de Beurs, E. (1995). BDHI-Dutch: Buss-Durkee Hostility 
Inventory; Handleiding, verantwoording en normering van de Nederlandse Buss-Durkee Agressie 
Vragenlijst (Manual and Norms of the Dutch Adaptation of the Buss-Durkee Hostility Inventory).

Lardén, M., Nordén, E., Forsman, M., & Långström, N. (2018). E¤ectiveness of aggression replacement 
training in reducing criminal recidivism among convicted adult o¤enders. Criminal behaviour 
and mental health, 28(6), 476-491. https://doi.org/10.1002/cbm.2092

Lemerise, E., & Arsenio, W. F. (2000). An integrated model of emotion processes and cognition in social 
information processing. Child Development, 71(1), 107–118. https://doi.org/10.1111/1467-8624.00124

Meesters, C., Muris, P., Bosma, H., Schouten, E., & Beuving, S. (1996). Psychometric evaluation of the 
Dutch version of the Aggression Questionnaire. Behaviour Research and Therapy, 34(10), 839–843.

Novaco, R. W., & Taylor, J. L. (2015). Behaviour Research and Therapy Reduction of assaultive behavior 
following anger treatment of forensic hospital patients with intellectual disabilities. Behaviour 
Research and Therapy, 65, 52–59. https://doi.org/10.1016/j.brat.2014.12.001

Oostermeijer, S., Nieuwenhuijzen, M., van de Ven, P. M., Popma, A., & Jansen, L. M. C. (2016). Social 
information processing problems related to reactive and proactive aggression of adolescents in 
residential treatment. Personality and Individual Di�erences, 90, 54–60. https://doi.org/10.1016/j.
paid.2015.10.035

Papadopoulos, C., Ross, J., Stewart, D., Dack, C., James, K., & Bowers, L. (2012). The antecedents of 
violence and aggression within psychiatric in-patient settings. Acta Psychiatrica Scandinavica, 
125(6), 425–439. https://doi.org/10.1111/j.1600-0447.2012.01827.x

Papalia, N., Spivak, B., Da¤ern, M., & Oglo¤, J. R. P. (2019). A meta-analytic review of the e¹cacy 
of psychological treatments for violent o¤enders in correctional and forensic mental health 
settings. Clinical Psychology: Science and Practice, 26(2), 1–28. https://doi.org/10.1111/cpsp.12282

Patton, J. H., Stanford, M. S., & Barratt, E. S. (1995). Factor structure of the Barratt impulsiveness scale. 
Journal of clinical psychology, 51(6), 768-774.

Ross, J., Quayle, E., Newman, E., & Tansey, L. (2013). The impact of psychological therapies on violent 
behaviour in clinical and forensic settings: A systematic review. Aggression and Violent Behavior, 
18(6), 761–773. https://doi.org/10.1016/j.avb.2013.09.001

Sansone, R. A., Leung, J. S., & Wiederman, M. W. (2012). Having been bullied in childhood : Relationship 
to aggressive behaviour in adulthood. International journal of social psychiatry, 59(8), 824-826. 
https://doi.org/10.1177/0020764012456814

Sarchiapone, M., Carli, V., Cuomo, C., Marchetti, M., & Roy, A. (2009). Association between childhood 
trauma and aggression in male prisoners. Psychiatry Research, 165(1–2), 187–192. https://doi.
org/10.1016/j.psychres.2008.04.026

Schubert, T., Friedmann, F., & Regenbrecht, H. (2001). The Experience of Presence: Factor Analytic 
Insights. Presence: Teleoperators & Virtual Environments, 10(3), 266-281.

Smeijers, D., Rinck, M., Bulten, E., van den Heuvel, T., & Verkes, R. J. (2017). Generalized hostile 
interpretation bias regarding facial expressions: Characteristic of pathological aggressive 
behavior. Aggressive Behavior, 43(4), 386–397. https://doi.org/10.1002/ab.21697

Tarrier, N., Dolan, M., Doyle, M., Dunn, G., Shaw, J., & Blackburn, R. (2010). Exploratory randomised control 
trial of schema modal therapy in the personality disorder service at Ashworth Hospital. Ministry 
of Justice Research Series, 5(10).



Chapter 6

168

Tuente, S. K., Bogaerts, S., Ijzendoorn, S. Van, & Veling, W. (2018). E¤ect of virtual reality aggression 
prevention training for forensic psychiatric patients ( VRAPT ): study protocol of a multi-center 
RCT. BMC Psychiatry, 18(1), 1–9. https://doi.org/10.1186/s12888-018-1830-8

Veling, W., Counotte, J., Os, J. Van, & Gaag, M. Van Der. (2016). Childhood trauma , psychosis liability and 
social stress reactivity : a virtual reality study. Psychological medicine, 46(16), 3339-3348. https://
doi.org/10.1017/S0033291716002208

Verstegen, N., de Vogel, V., de Vries Robbé, M., & Helmerhorst, M. (2017). Inpatient violence in a Dutch 
forensic psychiatric hospital. Journal of Forensic Practice, 19(2), 102–114. https://doi.org/10.1108/
JFP-04-2016-0020

Wilson, C., Gandolfi, S., Dudley, A., Thomas, B., Tapp, J., Moore, E. (2013). Evaluation of anger management 
groups in a high‐security hospital. Criminal Behaviour and Mental Health, 23(5), 356-371. https://
doi.org/10.1002/cbm.1873

Wistedt, B., Rasmussen, A., Pederson, L., Malm, U., Traskman-Bendz, L., Wakelin, J., & Bech, P. (1990). 
The development of an observer scale for measuring social dysfunction and aggression. 
Pharmacopsychiatry, 23, 249–252. https://doi.org/10.1055/s-2007-1014514







General discussion





General discussion

173

CHAPTER 7

General discussion 

The main goal of this dissertation was to contribute to the knowledge on the mechanisms, 
characteristics and treatment of aggressive behavior. Specifically, the aim was to develop 
and investigate the e¤ectiveness of a Virtual Reality Aggression Prevention Training 
(VRAPT) in forensic psychiatric inpatients. Over the past years, Virtual Reality (VR) showed 
promising results as intervention for several mental health disorders, such as specific 
phobias, anxiety and psychosis. Research to date had not yet determined the applicability 
of VR interventions in forensic psychiatry. The VRAPT developed and described in this 
dissertation aimed to ascertain whether VR would be a promising treatment tool for 
aggressive behavior. Reintegration and rehabilitation are the main goals of forensic 
psychiatric treatment, however, making connection with society and the so-called 
‘outside world’ is limited. O¦ten, inpatients stay in the forensic psychiatric system for a 
long time, motivation for treatment is low, and the average duration of therapies is long. 
Consequently, therapies in forensic psychiatry o¦ten result in no-show and high drop-out 
rates. With VRAPT we tried to overcome these limitations by o¤ering patients scenarios 
similar to what can happen in the outside world. 
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1. Summary of main findings

1.1. The association between hostile attribution bias and aggression in adults
Chapter 2 of this dissertation presented the results of a systematic literature review on the 
association between Hostile Attribution Bias (HAB) and aggression in adults. A prominent 
component of aggressive behavior is misinterpretation and inadequate processing of 
ambiguous social cues as hostile, the so-called HAB. In this systematic review, 25 studies 
were included showing small to medium positive associations between HAB and aggression. 
This association was present in various samples, ranging from students and patients 
with traumatic brain injury, to forensic psychiatric patients and o¤enders. However, the 
heterogeneity of included studies, and especially the included samples made it di¹cult 
to compare them. Moreover, most included studies were cross-sectional, so determination 
of causality could not be obtained. Furthermore, HAB measurements di¤ered largely in 
quality. Therefore, conclusions and implications of this systematic review should be 
interpreted as preliminary. 

1.2. Study design of Virtual Reality aggression prevention training (VRAPT)
In Chapter 3, we described the study protocol of the multicenter randomized controlled 
trial on the e¤ect of VRAPT for forensic psychiatric inpatients. Four Forensic Psychiatric 
Centers (FPCs) in the Netherlands collaborated in the study. Participants were randomly 
assigned to either VRAPT or a waiting list condition. The primary outcome was level of 
aggressive behavior, consisting of sta¤-reported and self-reported measures. Secondary 
outcomes were self-report questionnaires on e.g., anger, impulsivity and aggression. VRAPT 
consisted of 16 biweekly individual treatment sessions of 60 minutes led by a therapist 
(either a licensed psychologist or a non-verbal therapist). The aim of the intervention was 
to reduce aggressive behavior of forensic inpatients. VRAPT may add to current aggression 
treatments by: 1. Interactive immersive VR roleplays, 2. Sessions with VR exercises following 
steps of the Social Information Processing model, 3. Challenging social scenarios to 
practice in a realistic environment, 4. Social skill training tailored to the specific needs 
of the individual, 5. Easier engagement and motivation of forensic psychiatric patients in 
treatment. 

1.3. Associations between social information processing and aggression
In Chapter 4 we investigated the underlying mechanisms of aggressive behavior, as 
these are important for understanding aggression and developing aggression treatment 
programs. We aimed to test associations between di¤erent steps of the Social Information 
Processing (SIP) model and aggression in a sample of 116 adult male forensic psychiatric 
inpatients, residing in four highly secured FPCs and participating in the VRAPT Randomized 
Controlled Trial (RCT). Baseline assessments of the RCT of VRAPT were used and a measure 



General discussion

175

CHAPTER 7

was chosen for each of the six SIP step. Analyses showed that childhood trauma, sensitivity 
to provocation and impulsivity predicted all forms of aggression. Additional exploratory 
analyses showed that sensitivity to provocation and impulsivity were the best predictors 
of reactive aggression and proactive aggression was best predicted by childhood trauma, 
impulsivity and the interaction between HAB and childhood trauma. 

1.4. Mapping aggressive behavior of forensic inpatients
Chapter 5 described the assessment and characterization of aggression in forensic 
psychiatry. The main goals of this longitudinal follow-up study were to describe patterns 
and prevalence of aggressive behavior in forensic psychiatric inpatients, and to compare 
physically aggressive and non-physically aggressive inpatients on sociodemographic, 
psychological, behavioral and clinical characteristics. We investigated whether physical 
aggression during the 30-week observation period was preceded by increased scores 
on the observation scale one (or two) week(s) before the physically aggressive incident. 
Results showed that inpatient aggression was common (86% of the sample), and that one 
third of the patients showed physical aggression during the 30-week follow-up period. 
Inpatients who were physically aggressive during the observation period di¤ered from 
their non-physically aggressive counterparts on several baseline variables, such as: higher 
prevalence of cluster B personality disorder, and lower intelligence. With regard to self-
report measures, physically aggressive individuals showed more anger, reactive aggression 
and non-planning impulsivity. Finally, physical aggressive incidents were preceded by 
increased observed non-physical aggression one week previously. 

1.5. Multicenter randomized controlled trial on the e�ectiveness of VRAPT
Finally, in Chapter 6, the results of the multicenter RCT on the e¤ectiveness of VRAPT 
were presented. In total, 128 forensic psychiatric inpatients participated in this study. As 
mentioned earlier, primary outcomes were self-reported and sta¤-observed aggression. 
Secondary outcomes were self-report questionnaires including facets related to aggression, 
such as impulsivity, hostility and anger. Contrary to our expectations, VRAPT did not 
significantly decrease self-reported or sta¤-observed aggressive behavior, compared to 
the waiting list condition. On secondary outcomes (i.e., hostility, anger control and non-
planning impulsivity), the VRAPT group improved significantly compared to the waiting list, 
but these di¤erences were not maintained at 3-month follow-up. Although VRAPT did not 
decrease aggressive behavior for the entire group of forensic psychiatric inpatients, there 
are indications that VRAPT can positively influence anger control skills and impulsivity. 
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2. Reflections on main findings

In this section I will discuss in further detail how our findings may contribute to our 
understanding and characterization of aggressive behavior. Furthermore, the added 
value of structured monitoring and the applicability of VR in forensic psychiatry will 
be discussed. Next, in section 3, some major methodological issues are highlighted. 
Subsequently, in section 4 – 6, respectively clinical implications, improvements for VR 
treatment, and directions for future research will be discussed. This discussion will end 
with some concluding remarks on the main findings of this dissertation in section 7. 

2.1. Aggressive behavior and social information processing 
We investigated the SIP model to study the underlying mechanisms of aggressive 
behavior in forensic psychiatric inpatients. Behavioral, cognitive, emotional and social 
processes involved in the development and maintenance of aggression have been 
integrated in the SIP model. The first two steps of the model are called early social 
information processing and these steps are associated with aggressive behavior due to 
misinterpretation of ambiguous social cues. HAB is a key component in the early phase 
of social information processing. The results of research on the link between HAB and 
aggression in adults have been inconclusive (Helfritz-Sinville & Stanford, 2015; Miller 
& Lynam, 2006).

In the included studies in our systematic review we found small to medium positive 
association between HAB and aggressive behavior in adults (Chapter 2). Although our 
findings suggested that HAB contributes to aggressive behavior, the association between 
HAB and aggression was not stronger in samples more prone to aggressive behavior (e.g., 
o¤enders, forensic psychiatric inpatients). Our study supported the hypothesis that the 
likelihood of aggressive behavior increases because the attribution of aggressive intent 
is a cause of anger and aggression (Epstein & Taylor, 1967). Moreover, our systematic 
review showed that the association between HAB and aggression seems to capture 
a general mechanism of aggressive behavior rather than a pathological association, 
since it was present in di¤erent populations. Therefore, it is assumed that other steps 
of the SIP model also play an important role in the development and maintenance of 
aggressive behavior. 

So far, most other steps of the SIP model have remained largely theoretical (Bowen, 
Roberts, & Kocian, 2016). To study the underlying mechanisms of aggressive behavior, 
more specially the other four SIP steps, the study described in Chapter 4 was conducted. 
The distinction between proactive and reactive aggression is o¦ten discussed. It is 
assumed that the behavioral, cognitive and emotional antecedents and consequences 
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di¤er between the two types of aggression. This was supported by our findings, because 
proactive aggression was best predicted by impulsivity, childhood trauma and the 
interaction e¤ect of hostile interpretation bias and childhood trauma, and the best 
prediction of reactive aggression included only impulsivity and provocation sensitivity. 

The study presented in Chapter 4, showed that childhood trauma moderated the 
association between HAB and proactive aggression, and not between the other SIP steps 
and self-reported aggression. In the sample of forensic psychiatric inpatients in this 
dissertation, the majority experienced moderate to severe childhood trauma. Adults who 
have experienced childhood trauma tend to develop maladaptive cognitive schemas with 
distorted beliefs about other individuals and the environment in general (Young, Klosko, 
& Weishaar, 2003). Distorted social information processing makes these individuals hyper-
vigilant for ambiguous social cues (i.e., HAB), self-defensive (i.e., goal clarification), and 
acting aggressively (i.e., behavioral enactment). 

2.2. Aggressive behavior in forensic psychiatric centers
We implemented a structured measure for aggressive behavior observed by sta¤ in the 
four FPCs participating in the study. As described in Chapter 5, the majority of forensic 
psychiatric inpatients included in our study displayed at least one act of observed 
moderate aggressive behavior during the 30-week follow-up period. Moreover, one third 
of the inpatients displayed physically aggressive behavior. Inpatient aggression, physical 
or verbal, is an apparent risk factor for burnout in mental health nurses (Evers, Tomic, & 
Brouwers, 2002; Nijman, Bowers, Oud, & Jansen, 2005; Winstanley & Whittington, 2002). 
Besides the negative consequences for sta¤, inpatient aggression increases the risk of 
other patients to become victimized. Therefore, we were interested in possible preceding 
factors of physical aggression. It appeared that two third of the physical aggression was 
preceded by higher scores on the SDAS items: verbal aggression, irritability and dysphoric 
mood one week prior to the incident. Early recognition of these imminent signs of 
aggressive behavior, may help sta¤ to implement interventions to prevent aggression. 

More recently, besides observation and interpretation of patients’ aggressive behavior, 
there is a growing interest in more objective physiological measures that are indicative of 
autonomic nervous system (ANS) functioning. Examples of such measures are breathing, 
heart rate (HR), blood pressure, or skin conductance (Zygmunt & Stanczyk, 2010). A study 
conducted with 100 patients with mild intellectual disabilities or borderline intellectual 
functioning (MID-BIF) in a Dutch FPC, showed that HR and skin conductance rose significantly 
in the 20 minutes preceding an aggressive incident (de Loo¤ et al., 2019). In this study, a 
wearable wristband, called Empatica E4 (Empatica Inc.), was used during the entire day, 
for five consecutive days. Combining such longitudinal physiological arousal data with for 
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example sta¤-observation and self-report may improve early detection and prevention 
of aggression. Consequently, this may improve the wellbeing of sta¤ and patient safety in 
FPCs. Therefore, it is recommended that future studies on inpatient aggressive behavior in 
forensic psychiatry consider to include these indirect measures of physiological arousal. 

2.3. VR in forensic psychiatry 
VR research in forensic psychiatry has only just started. The first publication of a VR tool 
in forensic psychiatry was published by Renaud and colleagues in 2005 (see also Renaud 
et al., 2010, 2014). This new method was developed to assess and treat deviant sexual 
preferences by using VR. The major advantage was that no actual photographed models 
(i.e., children) needed to be used, which is ethically and morally problematic. VR overcomes 
this problem, since animated avatars of children in di¤erent age categories could be 
used. In line with this, a few years later, a group of German researchers developed an VR 
assessment for sexual deviant behavior as well (Fromberger, Jordan, & Müller, 2018). More 
recently, Seinfeld et al. (2018) studied the impact of perspective taking during aggressive 
behavior and emotion recognition in a sample of o¤enders of intimate partner violence. 
A¦ter the o¤enders experienced the VR embodiment paradigm, they improved their ability 
of recognize fearful faces. These preliminary results suggest that VR can modify emotion 
recognition, underlying aggressive behavior. Another advantage of VR interventions is that 
individuals can practice aggression control skills and new behavior in unexpected real-life 
scenarios. Yet, so far, our study is the first RCT on the e¤ectiveness of a VR treatment tool 
to treat aggressive behavior in forensic psychiatry. Up to now, no VR intervention studies 
in forensic psychiatry were performed (Kip, Bouman, Kelders, & Gemert-Pijnen, 2018).
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3. Methodological issues

The findings of this dissertation should be interpreted in the light of some methodological 
issues.

3.1. Sample characteristics 
Participants included in VRAPT may not be completely representative for the inpatient 
forensic psychiatric population. Participants were selected because they had a history 
of aggressive behavior and/or current aggression problems. Eligibility assessments were 
performed by the treatment supervisors. However, some treatment supervisors were 
reluctant to refer the most aggressive individuals to VRAPT, because they were afraid that 
it would be unsafe for the therapists. Self-evidently, there were also patients who refused 
themselves, for several reasons, such as not willing to cooperate with any treatment, or 
that the VR was not appealing to them. It was not possible to use a quantitative pre-
assessment measure, such as the social dysfunction and aggression scale (SDAS) to assess 
eligibility more objectively (Wistedt et al., 1990). Therefore, some of the patients included 
in the RCT only displayed minor forms of aggression. This may have caused a ceiling e¤ect 
for some participants presented in Chapter 6, because there was only little variation le¦t 
for improvement following VRAPT. 

For the studies described in Chapter 4 and 5 the inclusion criteria (e.g., being a forensic 
psychiatric inpatient, being referred by their clinical team to the study based on pre-
admission history of aggression and/or current clinical problems with reactive aggression), 
may have included the more aggressive individuals residing in forensic psychiatry. Therefore, 
the prevalence rate presented in Chapter 5, that 37.5% of the sample was involved in severe 
physical aggression during the observation period, may not be representative for the whole 
population of forensic psychiatric inpatients. 

Furthermore, treatment in forensic psychiatry is centered around risk management and 
prevention of aggressive behavior. From the daily structure to the sta¤ working on the 
wards, the main goal is to control aggressive behavior. For example, when an inpatient 
reacts aggressively, he is sent to his room or he receives a warning. Measuring aggressive 
behavior is therefore especially challenging, because everything is centered around 
lowering the level of aggression. The VRAPT (described in Chapter 3 and 6) aimed to 
challenge and trigger participants, and to learn them to discover their own triggers for 
aggressive behavior. However, on the wards and in their daily lives, there was not much 
room to practice with what they have learned in the VRAPT and this may have hampered 
generalizability. 
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3.2. Outcome measures 
It is not straightforward how to measure aggression and aggressive behavior. Moreover, 
it was di¹cult to find an adequate tool or questionnaire to measure the e¤ect of the 
newly developed VRAPT. Although most studies investigating e¤ectiveness of therapeutic 
interventions use self-report questionnaires, a common criticism concerns the limited 
nature of these questionnaires. For instance, self-report questionnaires require a certain 
level of cognitive skills and insight in one’s own behavior, and, these measures may be 
subject to social desirability bias, or recall bias (e.g., Hogenelst, Schoevers, & aan het 
Rot, 2015). Therefore, a possible explanation may be that our outcome measures have 
been suboptimal. In line with this, the primary aim of the VRAPT to reduce aggression 
was twofold, on the one hand by improving social information processing skills and 
insights, and on the other hand learning them to react more adequately in challenging 
and provocative social situations. Yet, self-report measures did not include behavioral 
measures. 

The measurement instruments used in Chapter 4 and Chapter 6 of this dissertation 
were limited because no validated questionnaires to measure the di¤erent steps of 
the SIP model were available. Therefore, we used existing measures to operationalize 
the di¤erent steps of the SIP model, but of course this method is limited. As described 
in the systematic review (Chapter 2), there are many di¤erent methods to measure 
Hostile Attribution Bias (HAB). In the studies described in this dissertation, we used the 
computerized Hostile Interpretation Bias Task (HIBT; Smeijers, Rinck, Bulten, van den 
Heuvel, & Verkes, 2017). However, as HAB depends on ambiguity in the context of social 
situations, isolated stimuli such as facial expressions, may have been les suitable to 
assess hostile attributions. 

Lastly, the SDAS is a behavioral observation scale, and this measure was used by sta¤ on 
the wards. However, some participants were already working and (partly) living outside 
the FPC. Because of this, some incidents of aggressive behavior may have remained out 
of the sight of sta¤. Moreover, the SDAS is developed to measure both subtle and severe 
forms of aggression. More subtle forms are for example, negativism, being uncooperative 
and irritation. Yet, since these behaviors are very common in FPCs, sta¤ working on the 
ward may easily overlook these more minor forms of aggression. Eventually, this may 
have led to underreporting of aggressive behavior. 

3.3. Theoretical framework of VRAPT
A decade ago, an overarching theoretical framework of aggression was introduced, namely 
the ‘General Aggression Model’ (GAM; Anderson & Bushman, 2002; DeWall, Anderson, & 
Bushman, 2011). The GAM consists of several components involved in eliciting aggression, 
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and this model explains how aggression unfolds within a social interaction. Within this 
GAM model, the SIP model can be inserted (Crick & Dodge, 1994). The SIP model consists 
of six consecutive steps and is used to explain the development and maintenance of 
aggressive behavior. 

Over the years, the role of emotion and emotion regulation is considered in the context 
of the SIP model (e.g., Lemerise & Arsenio, 2000). Correct recognition and regulation of 
emotions are important components of social interactions, because a lot of information 
is obtained from non-verbal input (Smeijers, Benbouriche, & Garofalo, 2020). Previous 
research has shown that individuals having problems with adequately regulating their 
emotions, show more aggression related problems than individuals without these problems 
(Roberton, Da¤ern, & Bucks, 2015). Although most research on aggression focuses on the 
emotion anger, the literature on emotion regulation more in general is less extensively 
studied. However, preliminary available research suggests that both under-regulation and 
over-regulation of emotions are associated with aggressive behavior (Roberton, Da¤ern, 
& Bucks, 2012, 2014). Both mechanisms can be described according to an example of the 
emotion ‘anger’. The influence of under-regulation on aggression is especially clear in 
the case of anger. When a person with under-regulation experiences ‘anger’, s/he will 
try to eliminate or change the situation, for instance by using verbal threats or throwing 
a plate on the floor. Impulsive, aggressive behaviors are not inhibited, which leads to 
visible aggression. However, although most research focused on individuals with under-
regulation, over-regulation of emotions can also increase the likelihood of aggressive 
behavior. So, a person who feels ‘angry’ and uses over-regulation, will cope with this 
negative emotion, for example by leaving the situation (avoidance) or trying to suppress 
the emotion (Greenberg & Bolger, 2001). Evidence has shown that expressive suppression 
of emotions on the long term increases the level of negative emotions people experience 
(Roberton et al., 2012). Although the link between over-regulation and aggressive behavior 
is less visible than in the case of under-regulation, both styles are dysfunctional. Therefore, 
emotion regulation can be an important factor during aggression treatment.

The main goal of aggression regulation treatment is to require adequate skills to control 
aggressive impulses, and to learn how to behave in a more pro-socially manner (Brännström, 
Kaunitz, Andershed, South, & Smedslund, 2016). The first part of VRAPT focused on emotion 
recognition, and assessing di¤erent degrees/levels of aggressive behavior. However, this 
part was mainly to alter cognitive distortions, and not how to learn to regulate emotions. 
The second part of the VRAPT focused on physiological arousal and behavioral response. 
Yet, awareness of emotional responses and modulating emotions while at the same time 
taking the social situation into account, was not a focus of VRAPT, while this may have 
been important as well (Holley, Ewing, Stiver, & Bloch, 2017; Roberton et al., 2012). Some 
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of the included patients did not show a lot of aggression at baseline. However, they 
were described by their treatment supervisors as ‘highly likely to act aggressively when 
confronted with the right triggers’. For future research, it may be of importance to include 
emotion regulation, both in the assessment measures, as well as in VRAPT. As the patients 
who have an over-regulation style of coping with negative emotions, may also be at 
increased risk to behave aggressively on the long term. In conclusion, a better integration 
of emotional and cognitive processes seems to be a necessary way forward to better 
understanding of aggression and improving aggression regulation treatment (Smeijers 
et al., 2020).

Quotes of several participants about their experience with VRAPT:

“Previously I started a fight when I was angry. While doing VRAPT I have noticed that if I mention 
and share my irritations, my aggression decreases. First think, then react.”

“I have learned a lot, and I am still working on my learning goals. Sta� and family stated that 
they clearly notice a di�erence in my behavior before and a�ter VRAPT.”

“I became more aware of my emotions. At times I thought this training did not make any sense 
at all, but a�ter evaluating my physiological reactions (i.e., heart rate and skin conductance) 
it became clear that I actually responded to provocations.”

“This VR-training felt more realistic than a role-play or drama therapy.”

“A�ter the VR-training I had an argument with a fellow patient. The other patient got really 
angry, but I stayed calm and used the thoughts and tools that I learned in VRAPT. This went 
very well.”
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4. Clinical implications

The main implication of the multicenter RCT on the e¤ectiveness of VRAPT, described in 
Chapter 6 of this dissertation, is that it is di¹cult to establish treatment e¤ects and change 
in aggressive behavior of forensic psychiatric inpatients. The sample of forensic psychiatric 
inpatients in the dissertation is residing in forensic psychiatric care for several years, has 
a variety of comorbid psychiatric and behavioral disorders, and o¦ten lacks motivation to 
engage and tot stay in treatment. Interestingly, patients approached the sta¤ to participate 
in VRAPT, even while some of them did not have imminent aggressive behavior problems, 
and were therefore excluded. Furthermore, although it is o¦ten challenging to motivate 
patients for treatment, they reported that they enjoyed practicing new behavior in VR (see 
textbox for some quotes). Also, several patients wanted to continue with VRAPT a¦ter they 
had completed the 16 sessions. Because of the follow-up measures, this was not possible 
within the current research design. Lastly, some patients also became more interested in 
other therapies, for example exercise interventions (e.g., psychomotor therapy) or schema 
focused therapy. 

Chapter 4 showed that the SIP model seems a useful framework for aggression treatment, 
because it includes childhood trauma, impulsivity and provocation sensitivity. These 
variables all contributed to the prediction of aggression, and aggression treatment should 
therefore address these components. The steps of the SIP model were associated to 
both proactive and reactive aggression, this means that dysfunctional social information 
processing is relevant to both forms of aggression, although in a di¤erent way. Studying 
underlying emotional and cognitive mechanisms, may also lead to a more adequate 
prediction of both forms of aggression. In Chapter 5, it is described that structured and 
weekly monitoring of behavior by sta¤ may be used to detect early signs of physical 
aggressive behavior. Additionally, in line with previous research, self-report questionnaires 
and clinical characteristics discriminated between individuals with high or low risk for 
inpatient physical aggression. 
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5. Improvement of VRAPT

Referring to the Risk-Need-Responsivity (RNR) model presented in the introduction of 
this dissertation, we can formulate recommendations for further improvement of VRAPT. 
First, the risk principle covers the intensity and duration of the treatment. Results from 
a meta-analysis by Papalia, Spivak, Da¤ern, and Oglo¤ (2019) show that treatment with 
violent o¤enders significantly reduced violent and general (i.e., non-violent) recidivism. 
So, findings from this meta-analysis confirm that intensive multimodal treatment methods 
(e.g., CBT) are associated with reduced re-o¤ending. Therefore, the revised version of 
VRAPT should include more explicit CBT techniques, such as cognitive restructuring and 
behavioral experiments, relaxation and stress reduction techniques, and VRAPT should 
include homework assignments to encourage participants to put what they have learned 
into practice. Besides, VRAPT consisted of 16 one-hour individual treatment sessions twice 
a week. Although the intensity is high (i.e., two sessions every week), a period of 8 weeks 
may have been too short. Future studies should provide therapists with the possibility to 
prolong the VRAPT if indicated according to the risk factors of the individual. 

Second, the need principle, both the manual and the VR-program o¤ered a lot of freedom 
to tailor the VRAPT to the specific needs of the participant. However, therapists were 
obliged to follow the manual, and it was reported that the first part on emotion recognition 
was not always relevant to participants. In the second part of the VRAPT, some fixed pre-
scripted scenarios were used. Yet, since triggers for aggressive behavior are personal, it 
may have been better to center the scenarios around themes. For example, authority, 
aggression towards women (e.g., intimate partner violence), or rejection. 

Third, the responsivity principle, drop-out/no show rated in forensic mental health 
treatment settings are extremely high (Hornsveld, Nijman, Hollin, & Kraaimaat, 2008). 
However, as reported in Chapter 6 of this dissertation, the drop-out rates were comparable 
to other studies in forensic psychiatry, and most reasons for drop-out were not related to 
the VRAPT (e.g., drug use, or an incident on the ward). Yet, the majority of the drop-outs had 
relatively severe aggression problems, and the VRAPT may have been too confronting. The 
immersing VR role-plays in VRAPT correspond well to real-life social situations, and this 
may improve the learning style and adaptability of the patients (general sensitivity). The 
VRAPT is also customized (specific sensitivity) and the therapist can provide personalized 
treatment. 
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6. Future research directions

6.1. Mechanisms of aggression 
This dissertation took the SIP model as an explanatory model of aggressive behavior 
(Crick & Dodge, 1994). In recent years, there has been an increasing amount of literature 
on the SIP model, and this body of literature contributed to our understanding of social 
behavior, and more specifically how social cognition formed in childhood can elicit a 
cycle of aggressive response patterns during social interactions later in life (e.g., Burks, 
Dodge, Price, & Laird, 1999; Dodge & Pettit, 2003; Lansford, Malone, Dodge, et al., 2006; 
Lansford, Malone, Stevens, et al., 2006). A recent systematic review on the association of 
emotion, SIP and aggression showed that emotional experiences have distinct influences 
at di¤erent stages of the SIP (Smeijers et al., 2020). Though, a major limitation of the 
reviewed literature is that most studies were conducted in child or adolescent samples. 
This hampers generalizability of the findings to adults, and especially adults in forensic 
psychiatry, and no conclusions about the role of emotions and SIP in adult aggression can 
be drawn. Another major limitation was that almost all studies are cross-sectional, and 
this makes it impossible to distinguish cause and e¤ect. So, the exact mechanism behind 
dysfunctional distorted SIP, the role of emotions and the association with aggression 
remains unknown (Smeijers, Bulten, & Brazil, 2019). The findings from this dissertation 
and the systematic review of Smeijers et al. (2020) highlight the necessity of longitudinal 
studies. A better theoretical understanding of the mechanisms contributing to aggressive 
behavior may facilitate the development of e¤ective evidence-based interventions.

6.2. Aggression in forensic psychiatry
Our study showed that aggressive behavior is relatively common in FPCs. Although this 
is not unexpected nor surprising given the population residing in FPCs, future studies 
should focus on the development of more short-term structured assessment and early 
interventions. This study showed that there were some elevations on the SDAS one week 
before the actual physical aggressive incident. For sta¤ this can be important information 
and they should be trained in short-time structured risk assessment. All FPCs that 
participated in our study used di¤erent risk assessment tools, and daily observations 
were most o¦ten written in an unstructured manner. This is not only time-consuming, 
but especially di¹cult to use this information for research purposes. Future research 
should therefore focus on the short-term risk assessment methods, and early intervention 
strategies for sta¤ members. Furthermore, based on the available literature, a sta¤-training 
program should be developed and evaluated to improve the wellbeing for both sta¤ and 
inpatients in FPCs. 
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6.3. VR in forensic psychiatry, the way forward
The area of research on VR in forensic context is still in its infancy (Cornet, Den Besten, & 
van Gelder, 2019). A suggestion from the report of Cornet et al. (2019) on VR applications 
in judicial and forensic settings is that future studies should focus on improving and 
adapting existing VR methods. Currently, we revised the VRAPT manuals, and a feasibility 
pilot started in an FPC in Växjö (Sweden). In addition, since treatment duration in an FPC 
is on average 8 years, it is hard to assess e¤ects on o¹cial recidivism and re-o¤ending 
a¦ter release. Furthermore, as patients are staying in a highly structured and secured 
environment, it is hard to generalize or practice what they have learned in VR in real-life. 
Therefore, we decided to adapt the VRAPT materials for usage in a prison population. At 
this moment, there are two pilots ongoing, i. the Penitentiary Institution Vught, and ii. in 
the Swedish Prison and Probation Service. 

VR has also proven to be successful in the treatment of several psychiatric disorders, by 
using CBT techniques (e.g., Freeman et al., 2017; Pot-Kolder et al., 2018). Within forensic 
settings, most patients su¤er from several psychiatric disorders (e.g., PTSS, psychosis, 
personality disorder), o¦ten combined with substance use problems (Fazel, Hayes, Bartellas, 
Clerici, & Trestman, 2016). For patients with substance use disorders, a form of exposure 
therapy may be relevant, for instance to assess how someone reacts when s/he is o¤ered 
drugs, and to learn them to say ‘no’ to drugs. Lastly, VR can be used for sta¤ training. A 
suggestion would be to develop a sta¤-training, because most inpatient aggression was 
preceded by sta¤-patient interactions (Papadopoulos et al., 2012)

7. Concluding remarks

The research in this dissertation showed that assessment, framing, monitoring and 
treatment of aggressive behavior in forensic psychiatric inpatients is challenging, even with 
a VR intervention that is well-designed and highly appreciated by patients and therapists. 
This dissertation contributed to our understanding of the complexity and the severity 
of aggressive behavior. Forensic psychiatric inpatients o¦ten have multiple psychiatric 
disorders and experienced childhood trauma. We developed the first VR aggression 
prevention treatment in forensic psychiatry, and conducted a rigorous RCT. While we did 
not find compelling evidence for e¤ectiveness of VRAPT in this population, it is the first 
step towards development and implementation of VR treatments in forensic psychiatry. 
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Een van de belangrijkste en meest voorkomende problemen bij het werken met forensisch 
psychiatrische patiënten in residentiële zorg, is het beheersen en voorkomen van agressief 
gedrag gericht op medepatiënten, personeel, en/of voorwerpen. Meestal wordt er een 
onderscheid gemaakt tussen reactieve en proactieve agressie. Reactieve agressie kenmerkt 
zich door explosiviteit, en een reactie op een (vermeende) trigger. Proactieve agressie is 
weloverwogen agressief gedrag, om een bepaald doel te bereiken. Agressie hee¦t niet alleen 
negatieve consequenties voor het emotionele en fysieke welzijn, maar beïnvloedt ook de 
voortgang van de behandeling, en het lee¦klimaat in een forensisch psychiatrisch centrum 
(FPC). Dat agressief gedrag een probleem is in een FPC is niet verrassend, aangezien 
forensische patiënten relatief vaak een gebrekkige impulsbeheersing en gewetensvorming 
hebben, sociale interacties en situaties snel ervaren als vijandig, en vaak een of meerdere 
persoonlijkheidsstoornissen hebben. 

In de afgelopen decennia is er veel onderzoek gedaan naar oorzaken en onderliggende 
mechanismen van agressief gedrag. Een van deze mechanismen hee¦t betrekking op de 
verwerking van sociale informatie, en het feit dat een inadequate verwerking van sociale 
informatie kan leiden tot vijandige attributie ten aanzien van de intenties van anderen. Dit 
kan vervolgens resulteren in agressief gedrag. Echter, de meeste onderzoeken naar deze 
mechanismen zijn gedaan bij kinderen en adolescenten. Daardoor weten we nog weinig 
over de rol en de toepasbaarheid van deze mechanismen en theorieën bij volwassenen 
met agressieregulatie problematiek. Meer kennis over de onderliggende factoren 
bij het ontstaan en in standhouden van agressie kan bijdragen aan het verminderen 
van agressief gedrag. Momenteel zijn er te weinig e¤ectieve behandelingen voor 
agressieproblematiek bij volwassenen. Het doel van deze dissertatie was het uitbreiden 
van kennis over de onderliggende mechanismen en behandeling van agressief gedrag 
bij forensisch psychiatrische patiënten. We hebben een Virtual Reality Agressie Preventie 
Training (VRAPT) ontwikkeld voor deze groep, waarvan de e¤ecten zijn onderzocht in een 
multicenter gerandomiseerd gecontroleerd onderzoek. In de volgende paragrafen zullen 
de resultaten per hoofdstuk besproken worden. 

Hoofdstuk 2 presenteert een systematische literatuurstudie naar de associatie tussen 
de “vijandige attributie bias” [Hostile Attribution Bias (HAB)] en agressief gedrag bij 
volwassenen. Met deze bias wordt verwezen naar de neiging die mensen kunnen hebben 
om neutrale of positieve situaties foutief te interpreteren als vijandig. Er zijn 25 relevante 
studies gevonden, met als belangrijkste bevinding een zwakke tot matig sterke associatie 
tussen HAB en agressie bij volwassenen. Deze associatie was consistent aanwezig in 
verschillende steekproeven, variërend van studenten en patiënten met traumatisch 
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hersenletsel, tot daders en forensische patiënten. Het gebrek aan longitudinale en 
kwalitatief gedegen studies naar de associatie tussen HAB en agressie, maken dat de 
bevindingen van deze literatuurstudie voorlopig zijn, en met enige voorzichtigheid 
geïnterpreteerd moeten worden. 

In hoofdstuk 3 is het studieprotocol van onze gerandomiseerde, gecontroleerde 
multicenter studie naar het e¤ect van VRAPT1 beschreven. Aan deze studie hebben 
vier FPC in Nederland meegewerkt. Deelnemers werden willekeurig toegewezen aan 
de behandelgroep (standaardbehandeling met VRAPT), of een wachtlijstconditie 
(standaardbehandeling zonder VRAPT). De primaire uitkomstmaten van deze studie waren: 
i. Gedragsobservaties m.b.t. agressief gedrag gebaseerd op wekelijkse gestructureerde 
monitoring door afdelingspersoneel, en ii. Zelf gerapporteerde agressie. Als secundaire 
uitkomstmaten werden er zelfrapportage vragenlijsten afgenomen over facetten 
gerelateerd aan agressie, zoals boosheid, impulsiviteit, en vijandigheid. VRAPT bestaat 
uit 16 tweewekelijkse individuele behandelsessies van 60 minuten onder leiding van een 
ervaren psycholoog of vak-therapeut. Het doel van de VRAPT was het verminderen van 
agressief gedrag van forensische patiënten. 

Hoofdstuk 4 betre¦t een empirisch onderzoek (N = 116) met als doel te onderzoeken hoe 
de stappen uit het sociaal informatieverwerkingsmodel (SIV-model) samenhangen met 
reactieve en proactieve agressie. In het SIV-model wordt agressief gedrag verklaard aan 
de hand van zes stappen die bijdragen aan het cognitief verwerken van en reageren in 
een sociale interactie. Mensen met agressieproblematiek verwerken sociale informatie 
regelmatig inadequaat wat de kans op agressief gedrag vergroot. Onze resultaten laten 
zien dat jeugdtrauma, impulsiviteit en provocatiegevoeligheid, voorspellers waren van 
zowel reactieve als proactieve agressie. De “vijandige interpretatie bias” (HAB) was 
alleen geassocieerd met reactieve agressie. Deze bevindingen suggereren dat er deels 
verschillende onderliggende factoren een rol spelen bij de totstandkoming van reactieve 
en proactieve agressie. 

De longitudinale studie (N = 120) beschreven in hoofdstuk 5 werd uitgevoerd om een 
beter inzicht te krijgen in de beoordeling en karakterisering van agressie in een FPC. Dit 
hoofdstuk bevat zelfrapportage vragenlijsten over agressie, boosheid en impulsiviteit, 
en 30 weken staf observaties om de patronen van agressief gedrag in kaart te brengen. 
Daarnaast hebben we gepoogd vroege signalen van agressief gedrag te identificeren. 

1 Om een indruk te krijgen hoe dit er in de praktijk uitziet, kunt u dit filmpje bekijken: https://
nos.nl/op3/collectie/13635/artikel/2209845-stephanie-29-helpt-tbs-ers-met-behulp-van-
virtual-reality-ongehoord 
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Patiënten vulden vragenlijsten in over agressie, boosheid en impulsiviteit; demografische 
en klinische kenmerken werden uit het dossier overgenomen. Dit hoofdstuk toont aan 
dat de meeste geïncludeerde patiënten minimaal één keer matig (86%) of ernstig (65%) 
agressief gedrag vertoonden tijdens de 30 weken observatieperiode. Bovendien werd 37.5% 
van de deelnemers minimaal een keer fysiek agressief tijdens de observatieperiode. De 
groep patiënten die fysieke agressie vertoonden, verschilden van de patiënten die geen 
agressief gedrag vertoonden op diverse demografische en klinische variabelen, waaronder: 
lagere intelligentie, en vaker een cluster B persoonlijkheidsstoornis. Daarnaast verschilden 
beide groepen op zelf-gerapporteerde boosheid, (reactieve) agressie en impulsiviteit. 
Ongeveer twee derde van de fysieke agressie werd voorafgegaan door toegenomen 
geobserveerde niet-fysieke agressie één week voor de fysieke agressie. 

In hoofdstuk 6 zijn de resultaten van de gerandomiseerde, gecontroleerde multicenter studie 
naar het e¤ect van VRAPT beschreven. Er werden 128 forensische patiënten geïncludeerd en 
deze zijn willekeurig toegewezen aan de VRAPT (N = 64) of de wachtlijstconditie (N = 64). Op 
drie momenten tijdens het onderzoek vonden er metingen plaats: bij aanvang (baseline), 
na afronding van de behandeling en drie maanden na afloop van de behandeling (follow-
up). De analyses van deze studie waren gebaseerd op ‘intention-to-treat’. In tegenstelling 
tot onze verwachtingen was er geen significant verschil op onze primaire uitkomstmaten 
(geobserveerde en zelf gerapporteerde agressie). Op de secundaire uitkomstmaten 
verbeterde de VRAPT-groep ten opzichte van de controlegroep op: vijandigheid, controle 
over boosheid en een aspect van impulsiviteit (i.e., niet-geplande impulsiviteit). Deze 
verbeteringen waren echter niet meer aanwezig bij de follow-up meting. Hoewel VRAPT 
het agressieve gedrag voor de deelnemende forensisch patiënten niet verminderde, zijn er 
indicaties dat VRAPT een positieve invloed kan hebben op woede-beheersingsvaardigheden 
en impulsiviteit. Ondanks dat er geen significant bewijs is gevonden voor de e¤ectiviteit 
van VRAPT, waren patiënten en therapeuten dusdanig positief, dat we het waardevol achten 
om de ontwikkelingen van VRAPT verder voort te zetten. 

De bevindingen beschreven in dit proefschri¦t hebben implicaties voor de klinische praktijk. 
De eerste implicatie is dat we hebben aangetoond dat het moeilijk is om behandele¤ecten 
en veranderingen van agressief gedrag van forensisch psychiatrische patiënten te meten. 
De forensische patiënten die geïncludeerd zijn in dit proefschri¦t verblijven vaak al jaren 
binnen de muren van de forensisch psychiatrie. Daarnaast hebben de meeste co-morbide 
psychiatrische en gedragsstoornissen en zijn nauwelijks gemotiveerd voor behandeling. Uit 
onze studie bleek echter dat patiënten vaak heel gemotiveerd waren om deel te nemen 
aan VRAPT. 
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Een bijkomende bevinding was dat een aantal patiënten na afloop van VRAPT ook meer 
interesse toonde in deelname aan andere therapieën, zoals psychomotore therapie, en/of 
schematherapie. Een andere implicatie is dat het SIV-model een nuttig theoretisch kader 
lijkt voor agressiebehandeling. Verder toonde onze studie aan dat agressief gedrag vaak 
voorkomt in een FPC. Een betere monitoring en herkenning van de signalen die bijdragen 
aan het ontstaan van agressie kunnen helpen bij de ontwikkeling en implementatie van 
evidence-based preventie en interventie strategieën om agressie te verminderen. 

Concluderend, de studies beschreven in dit proefschri¦t tonen aan dat de beoordeling, 
framing, monitoring en behandeling van agressief gedrag bij forensische psychiatrische 
patiënten een uitdaging is, zelfs met een innovatieve en door patiënten en therapeuten 
goed gewaardeerde VR-behandeling. De onderzochte VRAPT-interventie was de eerste 
belangrijke stap in de richting van de ontwikkeling en implementatie van VR-behandelingen 
in de forensische psychiatrie. Het gebrek aan een significante afname van agressie laat 
zien dat verdere stappen noodzakelijk zijn, gelukkig laat de beoordeling van patiënten en 
therapeuten zien dat het draagvlak hiervoor aanwezig is.
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