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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 
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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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