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8  |  chapter 1

AGGRESSIVE BEHAVIOR PROBLEMS
Aggressive behavior problems are among the most prevalent problems affecting 
school-aged children (Costello et al., 2003; Merikangas et al., 2009) and a common 
reason for referring children to mental health care (Lochman & Matthys, 2017). 
When left untreated, the prognosis of children with aggressive behavior problems 
is poor, due to the persistence and stability of these problems over time (Burks 
et al., 2001; Girard et al., 2019; Jester et al., 2008). Aggressive behavior problems 
predict adverse outcomes later in life, such as delinquency, substance abuse, poor 
school adjustment, and disturbances in relationships with peers (Burkey et al., 2018; 
Evans et al., 2021; Loeber & Farrington, 2000; Romeo et al., 2006), and also have 
a continuing negative impact on children’s social environment (McConaughy & 
Skiba, 1993; Wilson & Lipsey, 2006). To prevent escalation of aggressive behavior 
problems into persistent negative outcomes, it is important to treat these problems 
as they arise in childhood (Lochman & Matthys, 2017). Although, treatments are 
available to reduce children’s aggressive behavior problems, current intervention 
effects are modest and do not benefit all children (McCart et al., 2006).

This dissertation includes research that may help enhance treatment effects for 
children with aggressive behavior problems. Our research was guided by two 
overarching aims. The first aim was to examine whether treatment effects can 
be enhanced by using interactive virtual reality. The second aim was to increase 
our understanding of potential treatment mechanisms, focusing on two known 
treatment targets for aggression: anger regulation and hostile intent attribution.

CURRENT TREATMENTS
Currently, one of the most effective ways to treat aggressive behavior problems 
in school-aged children is through parent training programs (Kaminski & Claussen, 
2017; McCart et al., 2006). These programs can effectively improve parenting skills 
and subsequently reduce children’s aggressive behavior problems (Kaminski et 
al., 2008). However, parent training programs are not always suitable nor equally 
effective for all families (Leijten et al., 2012). This may not be surprising, as parenting 
programs cannot directly focus on deficits in social-cognitive child factors, that 
often predict and maintain children’s aggressive behavior problems (de Castro & 
van Dijk, 2017). Child-focused cognitive behavioral therapy (CBT) targets social-
cognitive and emotional processes more directly than parent training programs 
and can have significant and lasting benefits for children (Weisz & Kazdin, 2017). 
However, so far CBT treatment effects on aggressive behavior problems are 
modest and heterogeneous: not all children benefit equally (McCart et al., 2006).
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general introduction  |  9

Research into current CBTs has shown that these are most effective when 
cognitions are actively challenged and children can practice with solving real-
life social problems (de Mooij et al., 2020; Landenberger & Lipsey, 2005). Most 
CBTs for aggressive behavior problems use roleplays exercices (Menting et al., 
2015), where children can practice new cognitions and skills in roleplay exercises 
with their therapists (in individual CBT) or with other children with aggressive 
behavior problems (in group CBT). Although roleplays seem flexible and easy 
to deploy, they may also be limited by children’s lack of motivation or abilities 
in perspective taking and imagination (Hadley et al., 2019; Park et al., 2011). In 
individual CBT, children may have difficulties to pretend to interact with a peer 
while interacting with a therapist, and in group CBT, roleplay practices may be 
limited due to group management issues. Hence, new intervention methods are 
needed that facilitate realistic and engaging practice with social interactions (Weisz 
et al., 2019). Intervention improvements are also needed that use strategies to build 
and sustain youth engagement, for example by using digital innovations (Weisz et 
al., 2019). This dissertation evaluates such an intervention.

AIM 1:
Enhancing treatment effects using virtual reality

Interactive virtual reality may be a promising new method to enhance effects of 
current CBT for children with aggressive behavior problems. In interactive virtual 
reality, children are completely immersed in a virtual environment where they can 
walk around freely, interact, talk, and play with virtual peers and adults in various 
situations. This offers a realistic and engaging environment to practice in during 
treatment (Lindner, 2021), as alternative for currently used roleplays (Garland et 
al., 2008; Sukhodolsky et al., 2016). Virtual reality has three important benefits 
to optimize treatment effectiveness: 1) it provides an involving and immersive 
environment to practice in; 2) it may enhance treatment motivation; and 3) it allows 
for individually tailored exercises.

First, virtual reality provides an involving and immersive environment to practice 
in. As interventions are most effective when cognitions and behaviors are 
challenged in emotionally engaging situations (Suveg et al., 2007), children with 
aggressive behavior problems should ideally practice in anger provoking situations 
(Sukhodolsky et al., 2016). Possibly, the emotional impact of roleplay exercises in 
current CBTs is too small to induce major treatment effects, as roleplays highly 
depend on children’s memory and imagination skills (Park et al., 2011). In a virtual 
environment, children are fully immersed, allowing them to have real interactions 
with peers and adults that may evoke substantial levels of anger. Indeed, research 

1
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10  |  chapter 1

showed that virtual reality can successfully elicit anger in children with aggressive 
behavior problems (Verhoef, van Dijk, et al., 2021).

Second, virtual reality may enhance children’s treatment motivation. Children with 
aggressive behavior problems often show low motivation, or even resistance, 
to treatment (Frick, 2012; Lochman et al., 2019). Enhancing treatment motivation 
seems crucial, as it has been positively related to treatment effectiveness 
(Lochman, Kassing, et al., 2017). Virtual reality may appeal to children as it 
matches their involvement in technology nowadays (Bakker et al., 2016; Weisz 
et al., 2019). Indeed, children’s treatment participation can be enhanced by using 
digital methods (i.e., adding an internet component) in treatments for children with 
aggression problems (Lochman, Boxmeyer, et al., 2017). Specifically virtual reality 
is found to be a very appealing method for these children (Verhoef, van Dijk, et 
al., 2021).

Third, virtual reality allows for individually tailored exercises. Currently, most CBTs 
for children with aggressive behavior problems are delivered in a group format, 
allowing children to practice in roleplays with actual peers (Lochman et al., 2019). 
However, group treatments may yield iatrogenic effects for youth with aggressive 
behavior problem as children may encourage each other to engage in aggressive 
behavior (‘deviancy training’; Dodge et al., 2006). In addition, there are limited 
opportunities in a group format to adjust and personalize the exercises to each 
child’s needs and characteristics. Virtual reality provides an unique opportunity 
to combine individual therapy with ecologically valid practice with virtual peers, 
controlled by the therapist. Individually tailored interventions for children can 
indeed be more effective than the traditional ‘one size fits all’ approach or group 
treatments (Lochman et al., 2015; Weisz et al., 2011; Wilson & Lipsey, 2007).

This dissertation examined whether treatment effects can be enhanced by using 
interactive virtual reality in individual CBT. To this end, we developed an interactive 
virtual reality environment for children to practice in during treatment. To promote 
the most optimal engaging situations that corresponded with children’s daily life, 
we designed three interactive and realistic virtual environments: a classroom, a 
schoolyard, and a living room. In these environments, children could practice in 
anger-provoking situations (e.g., being laughed at by a peer). Therapists could 
evoke children’s anger by manipulating the virtual situation itself (e.g., letting the 
child lose a game, or switching off the television) or by manipulating the speech 
and actions of the virtual characters (e.g., let a peer show a middle finger, or walk 
towards the child). Children could walk around freely (in reality, children walked 
through a therapy room), talk with virtual children and adults, and play games 
such as building a tower or playing a computer game. Children held controllers 
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general introduction  |  11

in both hands, allowing them to grab and throw virtual objects. Research in this 
dissertation compared CBT with and without this virtual environment.

YourSkills treatment
To be able to integrate interactive virtual reality into all facets of treatment, we 
developed the new individual CBT ‘YourSkills’. We designed two versions of 
YourSkills with identical content, but with different practice modes: one using 
virtual reality and one using roleplay. This allowed us to compare a treatment with 
virtual reality to the identical treatment using roleplay practice. YourSkills is based 
on evidence-based treatments for children with aggressive behavior problems and 
consists of one 45-minute introduction session with parents and ten 45-minute 
sessions with the child. During the sessions, children practice anger recognition, 
anger regulation, and social problem solving in social interactions. Although 
YourSkills is primarily focused on the child, it also promotes parent involvement 
by providing parents with an introduction session and by including them at the 
end of each child session.

To enable children to practice their regulation skills whilst being emotionally 
engaged, therapists created challenging social situations for children in virtual 
reality or roleplays. The YourSkills materials included twenty-six cards with brief 
descriptions of anger-provoking situations, based on a taxonomy of problematic 
situations for children with aggressive behavior problems. They include: being 
disadvantaged, authority conflicts, peer rejection, and peer provocation (Matthys 
et al., 2001). From this taxonomy, therapists selected those situations that matched 
each child’s individual needs.

To examine the effectiveness of our new treatment with virtual reality, we 
conducted a randomized controlled trial with three conditions. We compared our 
newly developed YourSkills with virtual reality to the same treatment with roleplay 
exercises, and to care-as-usual in clinical practice. We expected the most beneficial 
treatment effects for the virtual reality group. Additionally, we expected that children 
practicing in virtual reality would appreciate the treatment more and would be more 
emotionally engaged and immersed than children practicing in roleplays.

AIM 2:
Understanding treatment mechanisms

Another step towards the optimization of interventions is increasing our 
understanding of treatment mechanisms (Lochman & Matthys, 2017). Identifying 
which mechanisms of change need to be targeted, seems crucial to obtain 

1
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12  |  chapter 1

genuine improvements in treatment effects (Weisz et al., 2019). Although the 
effectiveness of interventions for aggressive behavior problems is commonly 
studied (Weisz & Kazdin, 2017), surprisingly few studies have investigated the 
underlying mechanisms through which these interventions exert their beneficial 
effects (Kazdin, 2009). By identifying these mechanisms of change we cannot only 
improve our understanding of the development of aggressive behavior problems in 
children (Kazdin & Nock, 2003), but also ensure that current interventions include 
solely relevant components (Kraemer et al., 2002). In addition, some underlying 
mechanisms may be associated with multiple problems, such as externalizing and 
internalizing problems, and addressing them may thus facilitate parsimony across 
interventions (Granic, 2014; Kazdin & Nock, 2003). Research in this dissertation 
therefore examined two intervention targets common in CBT for children with 
aggressive behavior problems: anger regulation and hostile intent attribution.

Anger regulation and hostile intent attribution
Interventions to reduce children’s aggressive behavior problems often target 
anger regulation and hostile intent attribution as possible mechanisms of change 
(Bookhout et al., 2017; Chorpita & Daleiden, 2009). Both mechanisms are part of 
the social information processing model (Crick & Dodge, 1994; Lemerise & Arsenio, 
2000). This model assumes that children engage in a series of ordered processing 
steps (e.g., encoding, interpretation, goal selection, response generation) when 
they respond to social situations. Adequate processing at each step leads to 
competent behavior in a situation, whereas biased or deficient processing may 
cause aggressive behavior (Crick & Dodge, 1996). Deviant social information 
processing has been shown to both precede and maintain children’s aggressive 
behavior problems (de Castro et al., 2015; Dodge et al., 2006).

Empirical research has shown that children with aggressive behavior problems 
often have difficulties with anger regulation, have a limited repertoire of anger 
regulation strategies (for reviews see: Roberton et al., 2012; Röll et al., 2012), and 
display a stronger tendency to interpret ambiguously intended social behavior 
as stemming from hostile intent (for a review, see: Verhoef et al., 2019). Anger 
regulation refers to the extrinsic and intrinsic processes that children use to maintain 
or modify the valence, intensity or duration of their feelings of anger (Cole et al., 
2004; Zeman et al., 2006). Anger regulation is a core element in interventions for 
aggressive behavior problems (Chorpita & Daleiden, 2009; Garland et al., 2008), 
and targeting anger regulation in treatments is associated with larger reductions 
in children’s aggression (Landenberger & Lipsey, 2005; Sukhodolsky et al., 2016).

Binnenwerk_SophieAlsem_nieuwekleur2.indd   12Binnenwerk_SophieAlsem_nieuwekleur2.indd   12 02/02/2023   22:4602/02/2023   22:46



general introduction  |  13

Hostile intent attribution is part of the interpretation step in the social information 
processing model. In this step, a child attributes meaning to intentions of another 
person’s behavior (Crick & Dodge, 1994). Unwarranted attributions that this 
behavior was conducted with hostile intent can result in aggression. Children with 
aggressive behavior problems have been found to systematically overinterpret 
others’ intentions as hostile (Verhoef et al., 2019). Unwarranted hostile intention 
attributions occur most strongly when children are emotionally involved in the 
social situation (Yaros et al., 2014) or feel frustrated (de Castro et al., 2003). As 
such, children’s hostile intent attribution can also be an effective target for CBT 
interventions (Lochman et al., 2019; Lochman, Boxmeyer, et al., 2017).

Although there is ample empirical evidence for anger regulation and hostile intent 
attribution as risk factors for the development of aggressive behavior problems 
(Röll et al., 2012; Verhoef et al., 2019), it is less clear whether intervention-induced 
changes in these mechanisms would also subsequently lower children’s aggressive 
behavior. Studying this was the goal of the present dissertation.

Identifying mechanisms of change
When aiming to identify treatment mechanisms, we want to know whether changes 
in a potential mechanism within a child are related to changes in treatment 
outcomes in that particular child. Therefore, it is important to examine treatment 
mechanisms at the within-person individual level (Kazdin, 2011; Laurenceau et al., 
2007). Currently however, most research is conducted at the between-person 
level. As we cannot conclude that evidence from between-person analyses is 
similar to evidence from within-person analyses (Burke & Loeber, 2016; Kazdin, 
2011), research in this dissertation focused on the within-person individual level 
and examined anger regulation and hostile intent attribution as mechanisms of 
change for aggression. Two studies were conducted to examine (1) spontaneous 
covariation over weeks in anger regulation, hostile intent attribution and aggression 
at the within-person individual level, as well as (2) intervention-induced changes at 
the individual level, showing whether interventions for aggression problems exert 
their beneficial effects by changing anger regulation and hostile intent attribution.

Research at the individual level requires high-frequency measurements such as 
diary report methods (Curran & Bauer, 2011). Using repeated measurements over 
a pre-defined period (e.g., days or weeks; Lischetzke, 2014) has several important 
advantages. First, the chances of identifying a treatment mechanism are enhanced 
(Kazdin, 2007). Wide-ranging trajectories can be observed and provide a picture 
of how change unfolds over time. This means that conclusions are less dependent 
on the moment of the measurements (Laurenceau et al., 2007). Second, high-

1
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14  |  chapter 1

frequency measurements may better correspond with actual fluctuations in the 
theorized mechanisms of change. For example, for anger regulation and hostile 
intent attribution the short-term variability is found to be high, with levels depending 
on the moment and context (Colasante et al., 2016; de Castro et al., 2003). This 
means that changes in children’s anger regulation and hostile intent attribution are 
expected to directly affect their subsequent (aggressive) behavior in the situation 
(de Castro et al., 2015).

Transdiagnostic mechanisms
Anger regulation and hostile intent attribution do not solely contribute to 
aggressive behavior, but are related to multiple problems in children (Granic, 2014; 
Kazdin & Nock, 2003). This suggests that these mechanisms might function as 
transdiagnostic factors, demonstrating that one mechanism in a child accounts 
for multiple problems for that child. Indeed, cooccurrence rates of aggressive 
behavior problems with anxiety problems are high in school-aged children. 
Identifying transdiagnostic factors seems crucial, as they may be important 
intervention targets to treat cooccurring problems effectively. Possibly, children 
with cooccurring problems may benefit more from one comprehensive treatment 
targeting identified transdiagnostic factors than from separate treatments targeting 
one single problem each (Oland & Shaw, 2005). This dissertation therefore took a 
transdiagnostic approach to explain comorbid aggression and anxiety problems 
with hostile intent attribution as transdiagnostic treatment mechanism.

OUTLINE OF THIS DISSERTATION
This dissertation aimed to provide more insight in ways to improve treatment effects 
for children’s aggressive behavior problems. To this end, part one investigated 
whether treatment effects could be enhanced using virtual reality. Subsequently, 
part two aimed to increase our understanding of treatment mechanisms, focusing 
on anger regulation and hostile intent attribution. Table 1 provides an overview of 
the chapters in this dissertation.

In Chapter 2, a pilot study, we examined whether interactive virtual reality is a 
feasible treatment method for children with aggressive behavior problems. This 
chapter also investigated children’s appreciation of the method and explored 
whether children’s aggression decreased during the treatment. Subsequently, 
Chapter 3 describes a multicenter randomized controlled trial, where we examined 
whether interactive virtual reality enhanced effectiveness of cognitive behavioral 
therapy (CBT) to reduce children’s aggressive behavior problems. We additionally 
examined whether therapists, children themselves, and their parents experienced 
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general introduction  |  15

benefits of virtual reality over roleplays as treatment method for children with 
aggressive behavior problems.

Part two of this dissertation focused on treatment mechanisms for children’s 
aggressive behavior problems. In Chapter 4, we examined whether within-person 
changes in adaptive anger regulation and hostile intent attribution covaried with 
within-person changes in children’s aggression. Building upon this, we investigated 
in Chapter 5 whether interventions for aggressive behavior problems exert their 
beneficial effects by changing anger regulation and hostile intent attribution. We 
used high-frequency measurements to examine adaptive anger regulation and 
hostile intent attribution as mechanisms of change in an intervention to reduce 
children’s aggressive behavior problems.

Anger regulation and hostile intent attribution might also contribute to other 
problems in children, such as anxiety, and might thus be important targets to treat 
cooccurring problems effectively. In Chapter 6 we investigated, in two samples, 
whether children’s hostile interpretation of others’ intentions was a transdiagnostic 
factor for cooccurring aggression and anxiety problems in children.

Chapter 7 summarizes the main findings of the included studies, discusses their 
practical and theoretical implications, and provides directions for future research.

Table 1
Overview of the studies in this dissertation.

Chapter Type of study Measurements Sample Age Recruitment 
setting

2 Pilot 10 weekly
measures

6 boys 8-12 years Clinical centers

3 Randomized
controlled trial

Pre- and post-
intervention

115 boysa 8-13 years Clinical centers

4 Repeated
measures

4 weekly
measures

223 children 7-12 years Primary 
education

5 Repeated
measures

11 weekly
measures

76 boysa 8-13 years Clinical centers

6 Cross-
sectional

1 measurement Study 1: 84 boys
Study 2: 115 boysa

7-13 years
8-13 years

Primary (special) 
education and 
clinical centers

a These studies include the same sample (for Chapter 5 a subsample was used).

1
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ABSTRACT
Evidence-based cognitive behavioral therapies (CBT) for children with aggressive 
behavior problems have only modest effects. Research is needed into new 
methods to enhance CBT effectiveness. The aims of the present study were to 
(1) examine whether interactive virtual reality is a feasible treatment method for 
children with aggressive behavior problems; (2) investigate children’s appreciation 
of the method; (3) explore whether children’s aggression decreased during the 
ten-session treatment. Six boys (8-12 years) participated at two clinical centers in 
the Netherlands. Newly developed weekly reports were collected on treatment 
feasibility (therapist-report), treatment appreciation (child-report), and children’s 
aggression (child/parent-report). Results supported treatment feasibility: Therapists 
delivered on average 98% of the session content, provided more than the 
recommended practice time in virtual reality, experienced few technical issues, 
and were satisfied with their treatment delivery. Children highly appreciated the 
treatment. Parents reported decreases in children’s aggression over the treatment 
period (i.e., between week 1 and week 10), but children did not. The promising 
findings of this feasibility study, warrant randomized controlled trials to determine 
whether interactive virtual reality enhances CBT effectiveness for children with 
aggressive behavior problems.

Keywords
Cognitive behavioral therapy, aggression, virtual reality, children, feasibility, 
intervention
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INTRODUCTION
Aggressive behavior problems are among the most prevalent problems affecting 
children (Lochman & Matthys, 2017). Children with aggressive behavior problems 
are at heightened risk for adverse outcomes later in life, such as lower educational 
achievement, delinquency, substance abuse, and mental health issues (Burkey 
et al., 2018; Loeber & Farrington, 2000). To prevent escalation of aggressive 
behavior into persistent negative outcomes, it is important to treat aggressive 
behavior problems as they arise in childhood (Lochman & Matthys, 2017). Cognitive 
behavioral therapy (CBT) has been shown to reduce aggression in children (Weisz 
& Kazdin, 2017). However, effects have been modest and heterogeneous (McCart 
et al., 2006), with stronger effects for CBT interventions in which children practice 
more with anger exposure and solving real-life social problems (de Mooij et al., 
2020; Landenberger & Lipsey, 2005). Therefore, new methods are needed 
that may enhance ecologically valid exposure and practice (Weisz et al., 2019). 
Interactive virtual reality is a promising method to enhance effects of current CBT 
for children with aggressive behavior problems. The present study investigated 
the feasibility of this treatment method.

Interactive virtual reality seems particularly beneficial to reduce reactive 
aggression—the most prevalent form of aggression in middle childhood (Vitaro 
et al., 2002). Reactive aggression can be defined as aggression in response to 
perceived threat or frustration (Dodge, 1990). To reduce this form of aggression, 
most CBT interventions target deficits in emotion regulation and social cognitive 
processing—two mechanisms underlying childhood aggression (Crick & Dodge, 
1994; Lochman & Matthys, 2017). As part of CBT, children learn to monitor their 
anger and use techniques to modulate elevated levels of anger during social 
interactions (Chorpita & Daleiden, 2009; Sukhodolsky et al., 2016). This is based 
on the assumption that children’s aggression will decrease when they become 
better at regulating their anger. Therapists typically teach anger regulation in role 
plays (Garland et al., 2008; Sukhodolsky et al., 2016). In fact, role play practice is 
integrated in 83% of evidence-based child CBT and parent training interventions 
for children with externalizing behavior problems (Menting et al., 2015). Interactive 
virtual reality offers a virtual environment for role play practice. This method seems 
promising for three reasons: (1) it allows for individually tailored exercises in social 
interactions; (2) it provides an immersive and emotionally involving environment 
needed to practice emotion regulation; and (3) it may be a motivating and engaging 
treatment approach for today’s youth.

2
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Individually tailored exercises
Most CBT’s for children with aggressive behavior problems are delivered in group 
format, providing a natural context to practice in role play (Lochman et al., 2019). 
However, group formats may actually reduce CBT effectiveness. Prior studies 
have shown iatrogenic effects of group therapy for youth with aggressive behavior 
problems (‘deviancy training’; Dodge et al., 2006). Furthermore, the specific 
situations, cognitions, and behaviors that children need to practice in therapy will 
be unique to each individual child. Indeed, research has shown that individual 
therapy leads to larger decreases in children’s aggressive behavior problems 
than group-format therapy (Lochman et al., 2015; Wilson & Lipsey, 2007). Thus, 
‘tailoring’ treatment to each child’s needs and characteristics may increase CBT 
effectiveness—an advantage also recognized by therapists working with these 
children (Lochman, Kassing, et al., 2017).

How then, can we provide the paradoxical combination of tailored individual 
treatment together with ecologically valid practice with actual peers? Interactive 
virtual reality may provide a solution. In interactive virtual reality, children can 
interact, talk, and play with virtual peers in different situations, controlled by the 
therapist. This allows them to practice new cognitions and behavior in tailored 
‘role plays’—even though they receive individual treatment.

An emotionally involving practice environment
Research suggests that therapy is most effective when cognitions and skills 
are challenged and practiced in emotionally involving situations (Suveg et al., 
2007). Thus, children with aggressive behavior problems should ideally practice 
in anger provoking situations (e.g., being provoked by peers; Sukhodolsky et 
al., 2016). Interactive virtual reality offers this possibility. First, interactive virtual 
reality can simulate anger-provoking situations encountered in daily life. In virtual 
reality, children are fully immersed in the virtual environment and do not have to 
rely on their memory or imagination to practice with these situations (Park et al., 
2011). Second, virtual reality allows children to practice with dynamic, realistic 
social challenges, adapted to their abilities (Kandalaft et al., 2013). Therapists can 
trigger children’s anger within ethical boundaries, using a fully controlled virtual 
environment that can be adapted or stopped at any time. Third, virtual reality 
allows for repetitive practice in a stimulating environment (Newbutt et al., 2016; 
Saiano et al., 2015), allowing children to automatize newly learned skills. Indeed, 
a recent study showed that it is possible to repeatedly elicit children’s anger in 
virtual reality, so that they can practice repeatedly whilst remaining emotionally 
engaged (Verhoef, van Dijk, et al., 2021).
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Motivating and engaging treatment approach
Children with aggressive behavior problems often display low motivation and 
resistance to treatment (Frick, 2012; Lochman et al., 2019). It is important to enhance 
children’s treatment motivation, which has been related to increases in treatment 
effectiveness (Lochman, Kassing, et al., 2017). Virtual reality may serve this goal. It 
may appeal to children, as it resonates with their involvement in digital innovations 
nowadays (Weisz et al., 2019). Indeed, using technology (i.e., adding an internet 
component) can increase treatment engagement of children with aggressive 
behavior problems (Lochman, Boxmeyer, et al., 2017). Similarly, virtual reality has 
been shown to enhance treatment motivation and attendance in adolescents and 
adults (Hadley et al., 2019; Park et al., 2011). Last, children with aggressive behavior 
problems who participated in virtual reality research indicated that they found this 
method very appealing (Verhoef, van Dijk, et al., 2021).

The present study
Given the potential advantages of using virtual reality, we decided to develop 
an individual CBT with interactive virtual reality for children with aggressive 
behavior problems. To our knowledge, this is implementation of virtual reality in 
therapy for children with aggressive behavior problems. Hence, we decided to 
conduct a small-scale feasibility study. The aim of this study was to describe the 
content, appreciation, and feasibility of this treatment approach. We developed 
the CBT ‘YourSkills’ and designed a virtual reality-based version of this treatment, 
in which children practice emotion regulation and social information processing 
in interactive virtual reality to decrease their aggressive behavior. We examined 
the feasibility of YourSkills with virtual reality using therapist reports, investigated 
children’s appreciation of the treatment, and explored whether children’s 
aggressive behavior problems decreased during treatment according to both 
parents and children.

METHOD

Participants
Six boys referred for aggressive behavior problems were recruited at two clinical 
centers in the Netherlands. These centers provide mental health care for children 
with a broad range of mental health problems, including aggressive behavior 
problems. All children met the inclusion criteria for YourSkills: age 8-12 years, 
aggressive behavior problems (according to the clinic’s records), intelligence level 
above 80, no severe autism spectrum disorder, and no epilepsy or severe visual 
or auditory limitations. We chose to only include children from 8-12 years as these 
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children are old enough to profit from CBT (McCart et al., 2006) and still in Dutch 
elementary school. Only boys were included because we initially developed 
YourSkills specifically for this group, considering that girls’ development, forms, and 
outcomes of aggression are found to be different from boys (Underwood, 2002). 
Therapists invited parents of children who met the inclusion criteria to participate 
in this feasibility study. Parents provided active consent for participation in this 
study. The study was approved by the Medical Ethics Committee of the Utrecht 
University Medical Center (NL67139.041.18).

Procedure
This feasibility study followed children participating in ten weekly treatment sessions 
of YourSkills with interactive virtual reality. Therapists rated a short questionnaire 
after each session, assessing treatment feasibility. After the treatment, therapists 
indicated their satisfaction with treatment delivery and answered an open-ended 
question about their general evaluation of YourSkills. Children and parents filled 
out a short questionnaire during each treatment session, assessing children’s 
appreciation of the treatment (child-report) and aggressive behavior (child- and 
parent-report) from pre-treatment (week 1) to post-treatment (week 10).

Treatment
YourSkills with interactive virtual reality is a manualized CBT, developed through 
iterative discussions between experienced health care psychologists and 
researchers. YourSkills is based on evidence-based treatments for children with 
aggressive behavior problems, including Coping Power (Lochman et al., 2008) and 
Self-Control (van Manen, 2001). We chose to develop a new treatment manual, 
rather than adding virtual reality to an existing treatment. This way, we could 
integrate interactive virtual reality into all facets of our treatment (rather than merely 
replacing role play exercises with virtual reality).

YourSkills consists of one 45-minute introduction session with parents and ten 
45-minute sessions with the child (Table 1). The aim of YourSkills is to reduce 
children’s aggressive behavior problems by enhancing emotion regulation and 
social information processing skills. Children practice anger recognition, anger 
regulation, and social problem solving in virtual social interactions. In each session, 
therapists first explain a new skill, then model the skill using role play, and then use 
virtual reality to let children practice the skill in anger-provoking social situations. 
YourSkills includes a reward system to motivate children to practice the newly 
learned skills. Children receive tokens for each time they practiced, both during 
the session and at home.
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All treatment sessions have the same structure, providing a predictable course 
of the sessions for children. First, therapists show children the session’s agenda 
and ask them to rate a brief outcome rating scale (see Measures). Next, therapists 
briefly discuss last week’s “at home training” (i.e., homework assignments, such 
as practicing relaxation at least three times). Most of the session time is then 
spent on practicing the session’s new skill in virtual reality. Children practice 
the same skill several times in different situations or with increasing difficulty 
level. After practicing, children rate a brief session rating scale to assess their 
appreciation of the treatment (see Measures). During the last ten minutes of each 
session, therapists invite parents, summarize the session, and discuss next week’s 
homework assignment.

Although YourSkills is primarily focused on the child, it also promotes parent 
involvement. Parents have an important role in child CBT: they are the ones to 
bring their child to the sessions, provide information about their child’s behavior, 
and recognize and reward their child’s efforts at home (Sukhodolsky et al., 2016). 
For this reason, YourSkills starts with an introduction session for parents (Table 
1), and involves parents at the end of each session. Additionally, therapists send 
parents an e-mail summarizing each session directly after each session.

In this study, YourSkills was delivered by four licensed therapists with a background 
in child psychology and CBT. Therapists received a two-day course in YourSkills, 
supervised by the first and second author and a certified psychologist. Therapists 
learned to work with the treatment manual and virtual reality equipment during 
the course, and could receive consultation by phone during the treatment period.

Virtual reality
The YourSkills virtual reality environment consists of a classroom, a schoolyard, 
and a living room, built by the technological company CleVR (see Figure 1). Children 
enter an immersive digital environment, where they have full mobility: they can 
walk around in the digital world, move objects, play games, and interact with virtual 
others. Children wore an Acer Windows Mixed Reality headset, a noise cancelling 
headphone, and they held controllers in both hands, allowing them to grab and 
throw virtual objects. In the first session, therapists explained to children that the 
virtual environment allowed them to walk around freely (within a 3×3 meter area), 
talk with virtual children and adults, and play games such as building a tower 
or playing a game on the television. Virtual peers were boys and girls from the 
same age range, who had average height and dark hair. Virtual adults were male 
and female characters with diverse physiques. Children were asked to select the 
characters that most resembled their parents, siblings, or teachers.

2
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Table 1
Content of the YourSkills treatment sessions.

Session Content*

Introduction session   
    with parents

• Parents learn about the content of the therapy
• Therapist emphasizes the importance of parent and teacher 

involvement (e.g. assisting in home work, reinforcing practiced 
skills at home)

• Parents formulate relevant anger provoking situations for their 
child

1. Know yourself • Child and therapist get to know each other, and discuss the 
child’s strengths

• Therapist introduces emotions and explains how angry feelings 
link to specific situations

• Child becomes acquainted with interacting in virtual reality
• Child learns how the reward system and at-home training work

2. Check your feelings • Therapist explains how anger builds up, which is visualized using 
an anger stairs (similar to thermometer or stoplight methods)

• Child practices with recognizing angry feelings in virtual reality, 
focusing on bodily sensations and cognitions

3. Take a break • Child learns how to take a time-out (i.e., behavioral distraction) 
and practices this skill in virtual reality

4. Feel relaxed • Child learns how to use relaxation exercises (i.e., behavioral 
relaxation) and practices this skill in virtual reality

5. Think strong • Child learns how to use helping thoughts (i.e., cognitive 
reappraisal) and practices this skill in virtual reality

6. Think again • Child learns how to change negative interpretations (i.e., 
attribution retraining, perspective taking) and practices this skill 
in virtual reality

7. Make a smart move • Child learns that being agreeable can be the best solution (i.e., 
problem solving) and practices this skill in virtual reality

8. Stand together • Child learns how to ask an adult for help (i.e., problem solving) 
and practices this skill in virtual reality

9. Pro training • Child rehearses the learned skills in virtual reality
• Child and parents agree on a ‘secret signal’ as a reminder for the 

child

10. Expert training • Child rehearses the learned skills in virtual reality
• Child and therapist make a relapse prevention plan
• Parents, child and therapist end the treatment with a certificate

* Additionally, all sessions start with an outcome rating scale and a discussion of last week’s 
homework, and end with a session rating scale and a discussion of next week’s homework 
with parents

Therapists used the virtual environment to create challenging social situations for 
children to practice with. The YourSkills virtual reality software consists of twenty-
six anger-provoking starting situations that therapists could tailor to children’s 
individual needs. These situations were based on a taxonomy of problematic 
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situations for children with aggressive behavior problems. They include: being 
disadvantaged, authority conflicts, peer rejection, and peer provocation (Matthys 
et al., 2001). All situations were designed to trigger moderate levels of anger, 
aiming to help children practice their regulation skills whilst being emotionally 
engaged. Therapists fully controlled the virtual environment and could immediately 
adapt or stop the situation if needed.

Each session, therapists prepared children by explaining that they would use the 
virtual reality environment to try to evoke their angry feelings. Therapists could 
evoke children’s anger by manipulating the virtual situation itself (e.g., letting the 
child lose a game, switching off the television) or by manipulating the speech 
and actions of the virtual characters. Therapists used a microphone with voice 
transformer to emulate a different voice for each virtual character. They used a 
tablet to control the characters’ bodily movements (e.g., walking away), gestures 
(e.g., raising a middle finger), and facial expressions (i.e., an expression scale from 
happy to angry). The dynamic nature of virtual reality allows the therapist to tailor 
exercises to the specific needs and goals of the child, for example by making 
provocative behavior of virtual peers more or less subtle, or by responding to 
children’s behavior in ways that would trigger their anger in daily life.

Figure 1
Virtual reality classroom, living room and schoolyard environments.
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Measures
Feasibility
Therapists rated four aspects of treatment feasibility after each session. First, 
they indicated whether they had completed each session element (e.g., discuss 
homework, explain skill) by rating ‘done’ or ‘not done.’ To estimate feasibility, we 
calculated the percentage of completed elements out of all ten elements in each 
session. Second, therapists reported any technical issues with the virtual reality 
equipment. Third, they estimated the time children practiced in virtual reality 
(recommended time was ten minutes). Fourth, they reported how many times 
children practiced a skill in virtual reality (recommended number was at least two 
times). After the last session, therapists completed three items on their satisfaction 
with treatment delivery across all sessions (i.e., For this child I successfully delivered 
the 10 sessions of the treatment,’ ‘For this child I am satisfied with how I delivered 
the treatment,’ and ‘For this child I am confident that I successfully delivered the 
treatment’) on a scale from 1 (‘not at all’) to 5 (‘totally’). Ratings were averaged 
across the three items. Last, after all treatment sessions, therapists were asked 
the open ended question ‘How did you experience working with YourSkills with 
interactive virtual reality? ’ We used their answers to add relevant descriptions of 
therapists’ experiences to the data.

Children’s appreciation
Children rated two items on their treatment appreciation at the end of each session 
(i.e., ‘I liked what we did today’ and ‘I am looking forward to the next time’) on scale 
from 1 (‘not at all’) to 5 (‘totally’). Ratings were averaged between the two items.

Aggressive behavior
We assessed children’s aggressive behavior in the past week during each 
treatment session. To assess weekly change in children’s aggression during 
the treatment, a measure was needed that can be used for such frequently 
repeated measurements (Lischetzke, 2014). Therefore, we chose to use a new 
weekly report measure (Alsem, Keulen, et al., 2022). Parents and children rated 
three items (i.e., ‘This week I/my child fought with someone,’ ‘This week I/my child 
kicked or beat someone,’ and ‘This week I/my child called someone names’) on a 
scale from 1 (‘never) to 5 (‘very often’). Ratings were averaged across items. The 
child report version of this measure was investigated in another study (n = 223, 
Mage = 10.18, SD = 1.21; (Alsem, Keulen, et al., 2022). Results showed adequate 
internal consistency (i.e., Cronbach’s α’s ranged from .64 to .69 over four weeks) 
and supported the convergent and concurrent validity.
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Analyses
We used descriptive statistics to investigate treatment feasibility and children’s 
appreciation. To explore whether children’s aggression decreased over the 
treatment period, we inspected means and standard deviations of aggression 
in week 1 and week 10 for child- and parent-report. We also evaluated graphs of 
within-person change in aggression by plotting all 10 ratings over the treatment 
period. As our small-sample study was not designed to examine significant 
changes over time at the group level, no statistical tests were conducted.

We had missing data on parent-reported aggression for two children, because 
one parent did not speak Dutch and the other parent forgot to provide ratings for 
more than half of the weeks. For missing data of aggression being used in the 
graphs, we used last observation carried forward (LOCF). This approach seemed 
appropriate as no participants dropped out of the study and the percentage of 
missing data was low (2%).

RESULTS

Feasibility
Therapists indicated that working with the interactive virtual reality was feasible. 
Despite working with new equipment, they managed to carry out almost all session 
elements (M = 98%; range = 95-100% across therapists and sessions). In the open 
evaluation question, therapists indicated that in the first sessions they needed 
extra preparation time (15 min) to set up the virtual reality equipment. However, 
after a few sessions, they were able to set it up quickly and easily.

Therapists experienced few technical problems. They effectively used the virtual 
reality equipment in 59 of the 60 sessions (98.3%). Only in one session did a 
therapist encounter a technical problem (i.e., the VR headset stopped tracking) that 
could not be solved before starting the session, upon which she decided to use 
role plays instead. In eight other sessions, therapists encountered a small technical 
problem while setting up the equipment, such as hearing no sound through the 
headset or not seeing the controllers in the virtual reality. They resolved these 
small problems themselves.

Therapists indicated that children practiced more in virtual reality than the 
recommended 10 minutes (M = 11.7 minutes, SD = 1.35). Within this practice time, 
children practiced their new skill more often than the recommended two times 
(M = 3.4, SD = 1.08). The last two sessions were meant for skill rehearsal. In these 
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sessions, children practiced even longer (i.e., M = 13.0 minutes, SD = 2.74 in session 
9; M = 14.2, SD = 2.04 in session 10).

Therapists were satisfied with how they delivered the treatment (M = 4.06, 
SD = 0.49, on a 5-point scale). In response to the open evaluation question, 
therapists indicated that they had an overall positive experience using the virtual 
reality. They experienced that skill rehearsal in virtual reality is important to reinforce 
children’s learned skills. In addition, they indicated that children participated very 
actively in the virtual environment and quickly knew how to use the virtual reality 
equipment.

Children’s appreciation
Children liked the treatment very much. Across the ten sessions, children’s 
average appreciation score was 4.68 (SD = 0.33) on a 5-point scale. Looking at the 
treatment sessions separately, we found that children were positive about all ten 
sessions (i.e., mean appreciation scores ranged from 4.44 to 4.83 across sessions).

Changes in aggressive behavior
As predicted, parent-reported aggression decreased between week 1 (M = 3.25, 
SD = 0.88) and week 10 (M = 2.08, SD = 0.57). This is an average decrease of 
1.17 (SD = 0.58), equaling 2.02 standard deviations improvement. However, when 
looking at child-reported aggression, almost no change was seen between 
week 1 (M = 2.06, SD = 0.53) and week 10 (M = 1.78, SD = 0.60), possibly because 
children’s aggression ratings were already modest at pre-test (i.e., M = 2.06 on a 
scale of 1 to 5).

Next, we created graphs to plot within-person change in aggression over the ten 
weeks, both for parent and child ratings (Figure 2). These graphs show a similar 
pattern of decreasing aggression levels according to parents and stable modest 
levels of aggression according to children. For child-reported aggression small 
increases were observed for Child 2 and 6. We calculated reliable change indices 
(RCI) to further interpret these findings, although it should be noted these RCIs are 
based on statistics of only six children (Appendix A). For Child 6, the RCI suggests 
no reliable change. For Child 2, the RCI suggests moderate deterioration, which 
is in contrast with the RCI for parent report, suggesting recovery. Thus, there was 
no clear indication of increases of aggressive behavior across multiple sources of 
information for any participant.
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Figure 2
Aggressive behavior reported by parents and children over the weeks.

Note. Dotted lines reflect reported scores and solid lines reflect linear trendlines.

DISCUSSION
The aim of the present study was to evaluate the feasibility of a newly developed 
cognitive behavioral therapy (CBT) with interactive virtual reality in a sample of 
six boys with aggressive behavior problems. Results were promising: therapists 
indicated that providing the treatment was feasible. They were able to complete 
almost all session elements, deliver the recommended amount of practice time 
in virtual reality, and they experienced few technical issues. Therapists were 
generally satisfied with their delivery of the treatment. Children highly appreciated 
the treatment, which was also recognized by therapists, who indicated that children 
actively participated in the virtual environment. Given that the main aim of our study 
was to examine feasibility rather than effectiveness, we only explored possible 
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change in aggression. Parents reported decreases in children’s aggressive 
behavior, however children reported low levels of aggression at pre-test that did 
not decrease. Although this was a feasibility study with a small sample, it does 
give a preliminary indication that using virtual reality to treat boys from 8 to 12 
years with aggressive behavior problems is feasible and may potentially reduce 
aggressive behavior.

Interactive virtual reality may be a promising tool to enhance CBT for children with 
aggressive behavior problems. It allows children to repeatedly practice social 
interactions in an individually tailored way, without the risks inherent in group 
treatment (Dodge et al., 2006). Moreover, it provides an emotionally involving 
practice environment, where children can frequently rehearse regulation skills in 
realistic anger-provoking social situations. Future virtual reality treatments could 
also include recordings of children’s successful behavior in the virtual reality 
situations and use this to stimulate social confirmation by showing the recordings 
to parents. Last but not least, our study showed that interactive virtual reality 
treatment is an appealing method for children with aggressive behavior problems, 
which may prevent motivation problems and resistance to therapy, as often 
encountered in this population (Frick, 2012; Lochman et al., 2019).

Strengths and limitations
A strength of this study was that we examined children in routine care at clinical 
institutions. Children were referred to these institutions for their aggressive 
behavior problems, but none of the participants or their parents actively sought 
this new form of treatment. All children completed the treatment and reported high 
levels of appreciation, and all therapists were satisfied with how they were able to 
deliver the treatment. This indicates that using interactive virtual reality is feasible 
and acceptable for children in routine care.

This study also had its limitations. First, the small sample size warrants cautious 
interpretation of the results. The present findings should be seen as indicative 
of the potential of virtual reality in CBT for children with aggressive behavior 
problems, rather than as conclusive evidence. Second, because the study lacked a 
control condition and included a very small sample, it is uncertain whether changes 
in aggressive behavior were an actual effect of the treatment. Hence, we could 
only explore within-person changes to provide a preliminary indication of whether 
it would be promising to conduct a large efficacy trial.

Given the feasibility and high appreciation of the treatment, and the preliminary 
findings for aggressive behavior, a next logical step would be to test the positive 
indications from this study rigorously in a randomized controlled trial. Such a 
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controlled trial could also be used to determine whether virtual reality actually 
enhances CBT—that is, whether CBT with interactive virtual reality is more effective 
than the same CBT without virtual reality. The added value of interactive virtual 
reality may thus be established in order to determine whether its effects outweigh 
the financial costs of implementing this tool. Such future research is important, 
especially since the use of virtual reality seems theoretically promising and is 
increasingly called for by practitioners (Lindner et al., 2019).

Conclusions
In conclusion, we developed a new CBT with interactive virtual reality for boys 
with aggressive behavior problems using an emotionally engaging and individually 
tailored practice environment. The present study showed that this interactive 
virtual reality treatment is feasible and appealing to children and therapists, and 
has the potential to reduce aggressive behavior. These findings suggest enough 
promise to conduct randomized controlled trials needed to determine whether 
CBT with interactive virtual reality reduces aggressive behavior more strongly and 
for more children than regular CBT would.
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APPENDIX A
The RCI indicates whether an individual change score is significantly larger than 
would be expected by chance (Jacobson & Truax, 1991). We calculated RCIs based 
on children’s difference scores between week 1 and week 10, the standard error, 
and scale reliability in week 1. To obtain insight in the clinical significance of the 
RCIs, we interpreted them according to the guidelines of Wise (2004). The RCIs 
should be interpreted with caution because they are based on standard deviations 
and reliability statistics of only six children.

Table 2
Reliable change indices with clinical significance terms for aggression from pre-
treatment (week 1) to post-treatment (week 10).

Child Parent-reported aggression Child-reported aggression

1 5.04 Recovered  1.64 Remitted

2 2.01 Recovered -1.64 Moderately deteriorated

3 5.04 Recovered  0.55 No change

4 2.01 Recovered  1.10 Improved

5 - -  1.10 Improved

6 - -  0.00 No change

Note. For two parents no reliable change index was computed due to missing scores in week 10.
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ABSTRACT
This multicenter randomized controlled trial investigated whether interactive virtual 
reality enhanced effectiveness of cognitive behavioral treatments (CBT) to reduce 
children’s aggressive behavior problems. We randomized 115 boys with aggressive 
behavior problems (Mage = 10.58, SD = 1.44; 95.7% born in Netherlands) into three 
groups: CBT with virtual reality, CBT with roleplays, or care-as-usual. Bayesian 
analyses showed that CBT with virtual reality more likely reduced aggressive 
behavior compared to care-as-usual for six of seven outcomes (ds .19–.95), 
and compared to CBT with roleplays for four outcomes (ds .14–.68). Moreover, 
compared to roleplays, virtual reality more likely enhanced children’s emotional 
engagement, practice immersion, and treatment appreciation. Thus, virtual reality 
may be a promising tool to enhance CBT effectiveness for children with aggressive 
behavior problems.

Keywords
Virtual reality, cognitive behavioral therapy, aggressive behavior problems, 
children, randomized controlled trial
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INTRODUCTION
Aggressive behavior problems are the most common form of malfunctioning in 
school-aged children (Costello et al., 2003). These problems predict adverse 
outcomes for children later in life (Burkey et al., 2018; Loeber & Farrington, 2000) 
and have a continuing negative impact on children’s environment (McConaughy & 
Skiba, 1993; Wilson & Lipsey, 2006). Many intervention programs therefore target 
aggressive behavior problems as they arise in childhood (Lochman & Matthys, 
2017). Cognitive behavioral therapy (CBT) can reduce aggressive behavior in 
children (Weisz & Kazdin, 2017), but intervention effects tend to be modest and 
heterogeneous (McCart et al., 2006). Effects can be stronger when interventions 
focus more on exposure to anger and on solving real-life social problems (de 
Mooij et al., 2020; Landenberger & Lipsey, 2005). Hence, intervention methods 
that promote ecologically valid practice may enhance effectiveness (Weisz et 
al., 2019). Interactive virtual reality may be a promising tool to attain this goal. 
In interactive virtual reality, children can walk around freely, talk to virtual peers, 
and play games, offering a realistic and engaging environment to practice new 
skills during therapy (Lindner, 2021). Our feasibility study showed that using virtual 
reality in CBT was feasible and acceptable for children in routine care, and had 
the potential to reduce aggressive behavior (Alsem et al., 2021). The aim of the 
current randomized controlled trial is to investigate whether virtual reality actually 
enhances effectiveness compared to CBT without virtual reality and care-as-usual.

Virtual reality may have three important benefits for CBT with children. First, 
practicing in virtual reality can enhance children’s emotional engagement and 
immersion. This is important because CBT practice has been found to be most 
effective when cognitions and skills are practiced in emotionally engaging situations 
(Suveg et al., 2007). Children should thus ideally practice whilst experiencing 
feelings of anger (Sukhodolsky et al., 2016). Virtual reality can simulate anger-
provoking situations that children encounter in daily life and has been shown to 
successfully elicit children’s anger (Geraets et al., 2021; Verhoef, van Dijk, et al., 
2021). It may be more immersive and engaging than roleplay exercises currently 
used in CBT, as children do not have to rely on their memory or imagination (Park 
et al., 2011). Supporting this idea, research found that a virtual reality assessment 
of aggressive behavior better predicted children’s real-life aggressive behavior 
than an imagery-based assessment using hypothetical stories (Verhoef, Verhulp, 
et al., 2021).

Second, virtual reality can enhance children’s treatment appreciation and their 
perception of the treatment’s efficacy. Children with aggressive behavior problems 
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are often not motivated, or even resistant, to treatment (Frick, 2012; Lochman et 
al., 2019). It is important to enhance these children’s treatment appreciation, which 
has been related to increases in treatment effectiveness (Lochman, Kassing, et al., 
2017). As many children grow up surrounded by digital devices, using technology 
in interventions may have particular appeal and utility to them (Bakker et al., 2016; 
Weisz et al., 2019). Indeed, using technology (e.g., adding an internet component) in 
a treatment for children with aggression problems effectively increased children’s 
treatment participation and perceived efficacy (Lochman, Boxmeyer, et al., 2017). 
Accordingly, our feasibility study showed that children with aggressive behavior 
problems highly appreciated CBT with virtual reality (Alsem et al., 2021).

Third, virtual reality allows for individually tailored exercises in CBT. Most current 
CBTs for children with aggressive behavior problems are provided in groups 
(Lochman et al., 2019). Although group treatments provide a natural context 
to practice in roleplays with actual peers, they limit opportunities to adjust the 
exercises to each child’s specific needs. Moreover, individual therapy can lead 
to larger decreases in children’s aggression than group therapy (Lochman et al., 
2015; Wilson & Lipsey, 2007), whereas group therapy may yield iatrogenic effects 
(i.e., ‘deviancy training’; Dodge et al., 2006). Virtual reality provides an opportunity 
to combine individual therapy with ecologically valid practice with virtual peers. 
Focusing the exercises on the situations, cognitions, and behaviors of an individual 
child can not only enhance children’s treatment appreciation and adherence, but 
also the effectiveness of the intervention (Hollis et al., 2017; Lochman, Kassing, 
et al., 2017).

Although virtual reality has the potential to enhance effectiveness compared 
to current CBT treatments using roleplays, no study so far has investigated this 
(Hadley et al., 2019). Studies with a multi-armed design are needed to investigate 
the added benefits of virtual reality compared to identical intervention without 
virtual reality and care as usual (Lindner, 2021). We took this into account by 
comparing CBT with interactive virtual reality not only to care-as-usual, but also 
to the same CBT using similarly structured roleplay exercises. We conducted our 
study within routine care, as the use of virtual reality in therapy is increasingly 
called for by clinicians (Lindner et al., 2019).

We developed the new individual CBT ‘YourSkills’ based on evidence-based 
treatments for children with aggressive behavior problems. YourSkills targets 
deficits in emotion regulation and social information processing—two mechanisms 
underlying childhood aggression (Crick & Dodge, 1994; Lochman & Matthys, 2017). 
Similar to most CBTs for aggression, children learn to monitor their anger and 
practice techniques to modulate elevated levels of anger during social interactions 
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and solve social problems (Chorpita & Daleiden, 2009; Sukhodolsky et al., 2016). 
We designed two versions of YourSkills with identical content, but with different 
practice modes: one using virtual reality and one using roleplay. As clinicians often 
have to decide under uncertainty which treatment is most likely to be effective, 
we used Bayes Factors to indicate how likely it was that the virtual reality led to 
larger decreases in aggressive behavior compared to the comparison groups.

We conducted a randomized controlled trial with three conditions, comparing 
YourSkills virtual reality to YourSkills roleplay and care-as-usual. The first aim of 
our study was to examine treatment effects on children’s aggressive behavior 
problems. We hypothesized that aggression decreases were larger for (1a) the 
two YourSkills groups versus the care-as-usual group, (1b) the YourSkills virtual 
reality versus the YourSkills roleplay group, and (1c) the YourSkills virtual reality 
versus the care-as-usual group. The second aim of our study was to investigate 
the potential experienced benefits of virtual reality above roleplays as treatment 
method for children with aggressive behavior problems. We hypothesized that 
children participating in YourSkills virtual reality would score higher than children 
participating in YourSkills roleplays on (2a) emotional engagement, (2b) practice 
immersion, (2c) treatment appreciation, and (2d) perceived efficacy.

METHOD

Design
This study was a multicenter randomized controlled trial with three groups: 
YourSkills virtual reality, YourSkills roleplay, and care-as-usual. Children were 
recruited at fifteen clinical centers in the Netherlands providing mental health 
care for children with problems that are so severe that daily functioning is impaired 
and treatment is necessary. Recruitment began in September 2019, and all post-
intervention assessments were completed by July 2021. Children were randomized 
at the individual level using computer-generated general random numbers. 
Specifically, we conducted randomization per clinical center.

Participants
Therapists working in the clinical centers were asked to approach parents of boys 
whose casefiles met our study’s inclusion criteria: age 8-13 years, aggressive 
behavior problems, estimated intelligence level above 80, no severe autism 
spectrum disorder, and no epilepsy or severe visual or auditory limitations. Only 
boys were included, as aggression by girls in middle childhood may differ from 
aggression by boys in its development, forms, processes, and outcomes (Berkout 

3

Binnenwerk_SophieAlsem_nieuwekleur2.indd   41Binnenwerk_SophieAlsem_nieuwekleur2.indd   41 02/02/2023   22:4602/02/2023   22:46



42  |  chapter 3

et al., 2011; Fontaine et al., 2009; Underwood, 2002), and it has been argued that 
especially boys’ aggression results from the mechanisms that were specifically 
targeted in YourSkills: anger regulation and hostile intent attribution (Berkout et al., 
2011). Moreover, even if the same mechanisms for the same kinds of aggression 
were targeted, the intervention with girls would likely require different virtual 
reality stimuli (e.g., different girls avatars, group interactions), which would be 
more feasible after a first ‘proof of principal’ with only boys in the present study. 
Children with severe autism spectrum disorder and low intelligence level were 
excluded, because cognitive behavioral therapy exercises require perspective 
taking and imagination skills, as well as cognitive skills to reflect on thoughts and 
behavior (Sukhodolsky et al., 2016). We chose to exclude children with epilepsy 
and severe visual or auditory limitations as practicing in virtual reality would not 
be possible for them.

Consent was obtained for 127 children. Twelve children were excluded prior to 
intervention (for reasons, see Figure 1). Thus, 115 boys in the age range 8 to 13 years 
(M = 10.58, SD = 1.44) were included in the study. In addition to aggressive behavior 
problems at baseline (see Table 2), estimates of diagnostic classifications, based on 
the criteria of the Diagnostic and Statistical Manual of Mental Disorders (DSM), were 
obtained by asking parents to report about their children’s casefiles: 38 children 
(33.0%) were not diagnosed with a disorder, 59 children (51.3%) were diagnosed 
with one disorder, 16 children (13.9%) with two disorders, and two children (1.7%) 
with three disorders. Diagnoses included attention-deficit hyperactivity disorder 
(n = 59), oppositional deficit disorder (n = 16), autism spectrum disorder (n = 14), 
anxiety disorder (n = 2), attachment disorder (n = 2), and depressive disorder (n = 1). 
Children’s intelligence level was on average 97.80 (SD = 12.18). Most children and 
parents were born in the Netherlands and most parents attained middle levels 
of education (see Table 1). After randomization, 40 children were assigned to the 
YourSkills virtual reality group, 41 to the YourSkills roleplay group, and 34 to the 
care-as-usual group.

Written informed consent was obtained from parents and 12-and 13-year old 
children. Participation was voluntary and children and parents were assured of 
confidential use of their data. Children received a small gift (e.g., a multicolor pen) 
after filling out the post-assessment. We also asked parents’ consent to approach 
children’s teachers to complete questionnaires (94.8% consent). This study was 
approved by the Ethics Committee of the University Medical Center Utrecht and 
was registered in the Dutch Trial Register (NTR; https://trialregister.nl/trial/7959). 
We registered ‘treatment motivation’ as primary outcome measure but broadened 
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this concept into ‘potential benefits of virtual reality’ by also examining children’s 
emotional engagement and practice immersion.

Procedure
After randomization, therapy sessions were planned by the therapists, who then 
invited researchers to conduct the pre-assessment 30 minutes before the first 
therapy session. Researchers were invited again at the last therapy session to 
conduct the post-assessment directly after this session ended. When children in 
the care-as-usual group did not receive therapy at the clinical centers during the 
study, researchers planned home visits to conduct the pre- and post-assessments 
after randomization and twelve weeks later (i.e., the estimated average time of 
the YourSkills intervention). Children who discontinued the treatment (n = 9) were 
invited to remain in the study so that we could conduct intention-to-treat analyses 
and overcome problems with missing data (4 children and 3 parents filled out the 
post-assessment; White et al., 2011).

All assessments with children were conducted face-to-face. Children were 
individually interviewed in 20-30 minutes by the first author or a trained research 
assistant. At the same time, parents were also asked to fill out questionnaires in 
an online system. When both parents were present during the assessment, we 
asked them to each fill out the questionnaires. For data analyses, we matched 
pre- and post-assessments of the same parent: mothers (45.2%) or fathers (27.0%).

If both parents filled out both assessments (5.2%), we chose mother reports to 
align with the largest group filling out both assessments. In some cases, we had 
to combine mother- and father-report (20.9%) or had only pre-assessment data 
available (6.9%). We also asked teachers to fill out the pre- and post-assessment 
via an online questionnaire, in the same weeks as children and parents (82.6% 
provided both assessments; 9.6% only the pre-assessment; 1.7% only the post-
assessment).

YourSkills treatment
YourSkills is a manualized CBT, based on evidence-based treatments for children 
with aggressive behavior problems, including Coping Power (Lochman et al., 2008) 
and Self-Control (van Manen, 2001). We developed a new treatment manual, rather 
than adding virtual reality to an existing treatment. This way, we could integrate 
interactive virtual reality into all facets of the treatment and compare it to the 
identical treatment using roleplay practice.

3
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Figure 1
Participant flow diagram.
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The aim of YourSkills is to reduce children’s aggressive behavior problems by 
enhancing emotion regulation and social information processing skills. Children 
practice anger recognition, anger regulation, and social problem solving in social 
interactions. YourSkills consists of one 45-minute introduction session with parents 
and ten 45-minute sessions with the child (for an overview of the sessions, see 
Alsem et al., 2021). All treatment sessions have the same structure, making the 
session course predictable for children. Although YourSkills is primarily focused 
on the child, it also promotes parent involvement by providing them with an 
introduction session and including them at the end of each session (for more 
information, see Alsem et al., 2021).

To let children practice their regulation skills whilst being emotionally engaged, 
therapists create challenging social situations for children in virtual reality or 
roleplays. In each session, therapists first explain a new skill, then model the skill 
using roleplay, and then use virtual reality or roleplays to let children practice the 
skill in anger-provoking social situations. The YourSkills materials include twenty-
six cards with anger-provoking situations, based on a taxonomy of problematic 
situations for children with aggressive behavior problems. They include: being 
disadvantaged, authority conflicts, peer rejection, and peer provocation (Matthys 
et al., 2001). Therapists select those situations that match children’s individual 
needs.

In this study, YourSkills was delivered by 31 licensed therapists (90.3% female) 
working at the participating clinical centers. All therapists had experience providing 
treatment to children and adolescents, ranging from 2.0 to 25.1 years (M = 7.79, 
SD = 5.75). Therapists’ experience with treatments specifically for children 
ages 8 to 13 years with aggressive behavior problems ranged from 0.5 to 12.5 
years (M = 5.72, SD = 4.07), with only one therapist having less than one year of 
experience. Most therapists had completed a post-master course in cognitive 
behavioral therapy (87.1%). Therapists were trained in both versions of YourSkills 
in a two-day course, supervised by the first and second author and a certified CBT 
therapist. They learned to work with the treatment manual, how to conduct roleplay 
exercises, and use the virtual reality equipment. These therapists used the same 
treatment manual for both versions of YourSkills, and only distinguished in practice 
mode during the exercises by using either virtual reality or roleplays depending 
on the condition their client was assigned to. Thus, therapist characteristics 
were equal across conditions. As the only difference between the two treatment 
versions was the practice mode, contamination of one version to the other was 
not likely. During the treatment period, therapists could receive consultation over 
the phone from the first or second author. The focus of the consultation was 
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on help with practical issues, rather than supervision. Few therapists used the 
opportunity for consultation, and most questions concerned exclusion criteria for 
study participation or technical questions about the virtual reality equipment (e.g., 
the laptop is not starting).

Therapists managed to carry out almost all session elements of YourSkills (virtual 
reality: M = 98.6%; roleplay: M = 97.1%; for a session description, see Alsem et al., 
2021). Therapists indicated that children practiced more than the recommended 
10 minutes per session (virtual reality: M = 11.8 minutes, SD = 2.2; roleplay: M = 11.4, 
SD = 2.1). Within this practice time, children practiced their new skill more often than 
the recommended two times (virtual reality: M = 3.0, SD = 0.7; roleplay: M = 3.3, 
SD = 1.0). Therapists were satisfied with how they delivered the treatment (virtual 
reality: M = 4.2 on a 5-point scale, SD = 0.6; roleplay: M = 4.3, SD = 0.6).

YourSkills virtual reality
The YourSkills virtual reality software includes practice scenarios that correspond 
with the YourSkills cards describing anger-provoking situations. The virtual reality 
environment consists of a classroom, a schoolyard, and a living room (for an 
impression, see Alsem et al., 2021). Children wore an Oculus Rift S headset, a 
noise cancelling headphone, and they held controllers in both hands, allowing 
them to grab and throw virtual objects. In the first session, therapists explained 
to children that the virtual environment allowed them to walk around freely (within 
a 3×3 meter area), talk with virtual children and adults, and play games such as 
building a tower or playing a game on the television. Therapists could evoke 
children’s anger by manipulating the virtual situation itself (e.g., letting the child lose 
a game, or switching off the television) or by manipulating the speech and actions 
of the virtual characters. Therapists used a microphone with voice transformer to 
emulate a different voice for each virtual character. They used a tablet to control 
the characters’ bodily movements (e.g., walking away), gestures (e.g., raising a 
middle finger), and facial expressions (i.e., an expression scale from happy to 
angry).

YourSkills roleplay
The YourSkills roleplay version was identical to the virtual reality version, except 
that children did not practice in virtual reality but in roleplays. Therapists used 
the cards describing anger-provoking situations to roleplay challenging social 
situations, and played the role of a child’s parent, teacher or peer. Therapists were 
encouraged to use physical objects and make use of the room to stimulate active 
engagement of children during the roleplays.
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Care-as-usual
Children in the care-as-usual group received the usual care provided by the clinical 
institutions. Trained therapists for this study were not allowed to provide care-as-
usual to this group, to assure that they did not make use of YourSkills’ treatment 
elements. We expected a variety of care (Kazdin, 2015), including individual 
therapy, group therapy, and parent training. At post-assessment, we asked parents 
to fill out whether and what therapy they or their children received for children’s 
aggressive behavior problems.

Treatment participation in routine care
As children were recruited in routine care, children in all intervention groups were 
allowed to receive other services when needed. Few children in the YourSkills 
groups participated in additional treatments: Some children also received 
medication (virtual reality: n = 6; roleplay: n = 4) and some parents also participated 
in parent training for the aggressive behavior problems of their child (virtual reality: 
n = 4; roleplay: n = 2).

During the study period, 50% of the 34 families in the care-as-usual group 
participated in treatments specifically aimed at decreasing children’s aggressive 
behavior problems. The other families indicated that they did not participate in a 
treatment specifically aimed at these problems. Of the 17 children participating 
in routine care, 14 participated in some form of individual therapy covering on 
average 8.8 sessions (SD = 5.3). Of these 14 children, three also received 
medication and one family participated in parent training. Of the other 3 children, 
one child participated in five group sessions, and one child participated in two 
group sessions, received medication, and his parents participated in a training. In 
one family only parents participated in parent training.

Measures
We here present the measures assessed to answer this studies’ research 
questions. We assessed additional measures for other purposes, which are not 
reported here.

Children’s aggressive behavior
To obtain a comprehensive picture of changes in children’s aggression, we used 
a multi-informant (parent-, child-, and teacher-reports), multi-instrument approach. 
Including multiple informants is highly informative as aggressive behavior is 
context-dependent and the correspondence between informants is relatively 
low (De Los Reyes et al., 2015). We used three instruments, providing different 
information on children’s aggressive behavior. First, we assessed aggressive 
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behavior in the past month using a widely used instrument (i.e., the ASEBA forms: 
CBCL and TRF; Achenbach & Rescorla, 2001). This instrument has normative data 
for parent- and teacher-report, allowing us to investigate changes from clinical to 
normative levels of aggressive behavior. Second, we assessed the frequency of 
aggression in the past month with the validated IRPA questionnaire (Polman et 
al., 2009). This instrument is not only suitable for parent- and teacher-report but 
also for child-report and may be more sensitive to small changes in behavior as it 
uses a 5-point scale (instead of the 3-point scale in the ASEBA forms). Third, we 
included a new weekly report measure assessing children’s aggression in the past 
week (Alsem, Keulen, et al., 2022), allowing us to capture short-term changes in 
aggression, directly after the intervention ended.

CBCL and TRF aggressive behavior
Parents and teachers filled out the aggressive behavior scale of the Child Behavior 
Checklist (CBCL) and the Teacher Report Form (TRF), respectively (Achenbach & 
Rescorla, 2001). They rated children’s aggressive behavior in the past month on 
a 3-point scale (0 = not true, 1 = somewhat true, 2 = very true or often true). The 
CBCL scale consists of 18 items (e.g., ‘Argues a lot’) and the TRF scale of 20 items 
(e.g., ‘Physically attacks people’). We used norms for Dutch children to calculate 
T-scores to examine (sub)clinical levels of aggression, and calculated sum scores 
for all other analyses. In our sample, the internal consistency was adequate for 
both parents and teachers at pre- and post-assessment (αs .86–.95).

IRPA aggression frequency
Parents, teachers, and children filled out the Instrument for Reactive and Proactive 
Aggression (IRPA; Polman et al., 2009). They rated the frequency of aggression 
in the past month on 7 items (e.g., ‘How often did your child/the child/you hit 
someone in the past month?’) on a scale from 1 (never) to 5 (daily). Ratings were 
averaged across items, with adequate internal consistency for all informants at 
pre- and post-assessment (αs .74–.86).

Weekly report measure
Parents and children filled out a weekly report measure (Alsem, Keulen, et al., 
2022). They rated three items (e.g., ‘This week my child/I fought with someone’) 
on a scale from 1 (never) to 5 (very often). Ratings were averaged across items. 
The child-report version showed adequate internal consistency, convergent, and 
concurrent validity in a previous study (Alsem, Keulen, et al., 2022). The internal 
consistency in the current study was adequate for both parents and children at 
pre- and post-assessment (αs .75–.79).

3
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Measures assessing the potential benefits of virtual reality
To investigate the potential benefits of virtual reality as treatment method for 
children with aggressive behavior problems, children and parents rated items about 
their experience with YourSkills at post-assessment. Therapists filled out items 
about the two versions of YourSkills after the study ended (we counterbalanced 
the order of items on virtual reality versus roleplay).

Emotional engagement
Children and therapists rated children’s emotional engagement whilst practicing 
in the virtual reality or roleplays on three items (e.g., ‘Some things in the virtual 
reality/roleplays really pissed me/the children off a bit,’ ‘I/the children never felt 
anger in the virtual reality,’ and ‘Sometimes I/the children felt like getting angry in 
the virtual reality’) on a scale from 1 (totally disagree) to 5 (totally agree). Ratings 
were averaged across items, with adequate internal consistency for both children 
and therapists (αs .77–.91).

Practice immersion
Children and therapists rated four items on practice immersion during virtual reality 
or roleplays (i.e., ‘I/the children was/were completely immersed in virtual reality/the 
roleplays,’ ‘The virtual reality felt real (for the kids),’ ‘I felt/the children were feeling 
like the virtual reality really happened to me/them,’ and ‘During the virtual reality it 
felt like I/the children was/were actually experiencing it’) on a scale from 1 (totally 
disagree) to 5 (totally agree). Ratings were averaged across items, with adequate 
internal consistency for children and therapists (αs .84–.88).

Treatment appreciation
Children, parents, and therapists rated four items about children’s treatment 
appreciation (e.g., ‘I/my child/the children liked to participate in YourSkills’) on a 
scale from 1 (totally disagree) to 5 (totally agree). Ratings were averaged across 
items. The internal consistencies were adequate for parents and children (α .80–
.89) and the therapist roleplay scale (α = .90) but not for the therapist virtual reality 
scale (α = .59). To gain an overall impression of children’s appreciation of YourSkills, 
we also asked children give a grade from 1 to 10 to the treatment as a whole and 
to practicing in the virtual reality/roleplays.

Perceived efficacy
Children, parents, and therapists rated four items on their perceived efficacy of the 
treatment (e.g., ‘I/my child/the children learned a lot in YourSkills’) on a scale from 
1 (totally disagree) to 5 (totally agree). Ratings were averaged across items. The 
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internal consistencies were adequate for children (α = .83) and parents (α = .76) and 
the therapist roleplay scale (α = .75), but not the therapist virtual reality scale (α = .54).

Intelligence
When information on intelligence was available from children’s casefile 
(administered within the past two years; 59.1% of the cases), we did not assess 
intelligence again. Otherwise, we administered the subtests ‘Block Design’ and 
‘Vocabulary’ of the Wechsler Intelligence Scale for Children (WISC-III; Kort et al., 
2005) to estimate an IQ score (Silverstein, 1970). Such estimated IQ scores are 
strongly associated with IQ scores based on the total WISC (Hrabok et al., 2014).

Analyses
We conducted our analyses using Bayesian statistics, a method that is becoming 
more common in social and behavioral sciences (van de Schoot et al., 2014). An 
advantage of Bayesian statistics is that it quantifies the amount of support for the 
study hypotheses instead of yielding a dichotomous decision on whether the null 
hypothesis is rejected or not (van de Schoot et al., 2014). This provides clinicians 
with an indication of which treatment is most likely to be effective. Another reason 
to use Bayesian analyses was to overcome problems with our large number of 
outcome measures. Specifically, a major advantage of Bayesian analyses is that 
there are no risks for type I or type II errors when conducting multiple analyses 
(Hoijtink et al., 2019). Moreover, our sample size was smaller than the intended 
sample size, due to COVID-19 related inclusion problems. As we did not specify 
the analytic approach forehand, we chose to use Bayesian statistics to minimize 
problems with our smaller sample size.

Bayesian analyses yield Bayes factors (BF ), which quantify to what extent the 
data support one hypothesis compared to another. A Bayes factor of 1 indicates 
equal support for both hypotheses; a Bayes factor of > 1 indicates support in favor 
of the planned hypothesis over the null hypothesis, with higher Bayes factors 
providing more support. For instance, if we would find BF = 10 for the hypothesis 
that YourSkills virtual reality leads to larger decreases in aggression than care-
as-usual, this would indicate that it is 10 times more likely that YourSkills indeed 
outperformed care-as-usual than not. We conducted our statistical analyses in 
JASP version 0.15.0.0 with the Bain package (Hoijtink et al., 2019; Marsman & 
Wagenmakers, 2017).

Before we statistically tested our hypotheses, we explored clinically relevant 
changes in aggression. We used the available norms of the CBCL and TRF to 
calculate T-scores and classify children in the normal range (T-score ≤ 64, ≤ 93rd 
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percentile), subclinical range (T-score 65-69, 94-97th percentile), or clinical range 
(T-score > 69, > 97th percentile). We defined clinically relevant improvement 
as a shift from one range to another from pre- to post-assessment. Next, we 
preliminarily explored if there was an overall decrease in aggression across groups. 
We conducted Bayesian paired sample t-tests to test our prediction that post-
intervention levels of aggression were lower than pre-intervention levels against 
the contrasting prediction that pre- and post-intervention aggression levels were 
equal. As our analysis included two parameters (i.e., mean difference and mean 
difference variance), we set the fraction on two (Hoijtink et al., 2019).

To investigate our first research question, we tested whether decreases in 
aggression were larger for (1a) the two YourSkills groups versus the care-as-
usual group, (1b) the YourSkills virtual reality versus the YourSkills roleplay 
group, and (1c) the YourSkills virtual reality versus the care-as-usual group. We 
first calculated mean difference scores by subtracting the pre-intervention from 
the post-intervention scores. We then conducted Bayesian ANOVA’s, to test 
the hypothesis that the mean difference scores differed between the groups in 
expected directions against the complementary hypothesis (e.g., for hypothesis 
1c: that the mean differences on aggression were not larger in the YourSkills virtual 
reality versus care-as-usual group). In addition, we calculated Cohen’s d effect 
sizes based on the means and standard deviations (Cohen, 1988).

To investigate our second research question, examining the potential benefits of 
virtual reality versus roleplays, we used Bayesian one-way ANOVAs to analyze 
whether children practicing in virtual reality showed higher levels of (2a) treatment 
appreciation, 2b) emotional engagement, (2c) practice immersion, and (2d) 
perceived efficacy. Again, each hypothesis was tested against its complement. 
We also calculated Cohen’s d effect sizes (Cohen, 1988).

To check for missing data patterns, we conducted Little’s test, which produced 
a normed χ2 (i.e., χ2/df ) of 1.16, indicating that data were missing completely at 
random (Bollen, 1989). Therefore, we used default settings in JASP (i.e., listwise 
deletion). This means that participants who did not fill out post-assessment were 
excluded from the analyses. We tried to avoid exclusion by asking participants 
to remain in the study after drop-out, to be able to conduct intention-to analyses 
and overcome problems with missing data due to dropout (White et al., 2011). In 
the intention-to-treat principle, all randomized participants are included in the 
analyses in the groups to which they were randomized, even if they stopped 
treatment early. This method is preferred in randomized trials as these analyses 
give unbiased, conservative estimates of treatment effects, and allow for the 
greatest generalizability (Gupta, 2011). In total, we analyzed data of 107 children 
and parents (7.0% missing) and 97 teachers (15.7% missing; see Figure 1).
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RESULTS

Preliminary analyses
Pre-intervention group differences
To check whether randomization was successful, we examined between-group 
differences at pre-assessment. Results showed that it was more likely that there 
were no group differences in background characteristics (Table 1) than that there 
were group differences, with BFs favoring no differences ranging from 3.04 to 
128.49. Next, we compared pre-intervention levels of aggression (Table 2), and 
found that it was more likely that groups did not differ than that they did differ at 
baseline, according to all aggression measures by all informants, with BFs ranging 
from 5.42 to 11.44. We also checked whether the three groups were differentially 
affected by the COVID-19-related lockdown (i.e., Dutch clinical institutions were 
closed from March 22th to May 11th 2019; Table 1). First, we inspected the number of 
children affected by the lockdown, and found that no differences were more likely, 
BF = 36.62. Second, we inspected the time between pre- and post-assessment. 
Results showed no differences were more likely, but only for the time between 
teacher-reports (BF = 3.22) and not for parent- and child-reports (BF = 1.21). Time 
between pre- and post-assessment for these reports was on average 14 weeks in 
the care-as-usual group, and 18 weeks in the two YourSkills groups.

Figure 3
Average T-scores for each group at pre- and post-assessment for both parent-
reported aggression (CBCL; left) and teacher-reported aggression (TRF; right).

                   parent-reported aggression              teacher-reported aggression

Care as-usual
YourSkills Roleplay
YourSkills Virtual Reality

Note. Error bars show standard errors. Dashed lines represent the subclinical (lower line) and 
clinical (upper line) T-score cut-offs.
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Descriptive clinical decreases in aggression (CBCL and TRF)
Figure 3 presents the average aggression T-scores at pre- and post-assessment 
for parent- and teacher-report. All three groups decreased in parent-reported 
aggression: from the clinical to the normal range for the YourSkills virtual reality 
group, and from the clinical to the subclinical range for the other two groups. 
Teacher-reported aggression also decreased in all three groups, but only the 
YourSkills virtual reality group started in the clinical range and decreased to 
the subclinical range, whilst the other two groups started and remained in the 
subclinical range.

We then explored percentages of children who did not change, improved or 
deteriorated (i.e., shifted from one range to another; Figure 4). For parent-reported 
aggression, most children improved in the YourSkills virtual reality group (48.6%), 
followed by the YourSkills roleplay group (39.5%), and care-as-usual group (26.5%). 
Many children remained in the same range, but the least in the YourSkills virtual 
reality group (42.9%), followed by the YourSkills roleplay group (50.0%) and the 
care-as-usual group (64.7%). Some children deteriorated (i.e., 8.6 to 10.5% across 
groups). For teacher-reported aggression, a slightly different pattern was found. 
Most children remained in the same range in all three groups (61.1 to 66.7%), whilst 
in the YourSkills roleplay group more children improved (30.6%) than in the virtual 
reality and care-as-usual groups (23.3% and 17.2%, respectively). Deterioration was 
highest in the care-as-usual group (17.2%).

Figure 4
Percentages of children who improved, did not change, or deteriorated in each 
group for both parent-reported aggression (CBCL; left) and teacher-reported 
aggression (TRF; right).

                   parent-reported aggression              teacher-reported aggression

3
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Overall decreases in aggression
We used Bayesian paired sample t-tests to explore decreases in aggression from 
pre- to post-assessment across the three intervention groups. We found that 
decreases in aggression were more likely than no change for six out of seven 
aggression measures (Table 3). This was over 36 times more likely for all three 
parent-reported aggression measures and teacher-reported aggressive behavior 
(TRF) but only about two times more likely for teacher-reported aggression 
frequency (IRPA) and child-reported weekly aggression. We found no support for 
decreases in child-reported aggression frequency (BF < 1).

Research question 1: Group differences in aggression decreases
To investigate group differences in aggression decreases from pre- to post-
assessment (Figure 5), we conducted Bayesian ANOVAs.

YourSkills (both versions) versus care-as-usual
Six out of seven aggression measures suggested superior effectiveness of 
YourSkills compared to care-as-usual (Table 3). It was at least 187 times more 
likely that YourSkills outperformed care-as-usual than not according to parent- 
and child-reported weekly aggression (ds = 0.55), 27 times more likely according 
to parent-reported aggression frequency (IRPA; d = 0.39), but only 3 times more 
likely according to teacher-reported aggression frequency (IRPA) and parent- and 
teacher-reported aggressive behavior (CBCL/TRF; ds 0.14–0.16). For child-reported 
aggression frequency (IRPA), it was more likely that the YourSkills groups did not 
improve more than the care-as-usual group (BF < 1).

Virtual reality versus roleplay
Results for four out of seven aggression measures favored virtual reality over 
roleplays (Table 3). It was 528 times more likely that virtual reality outperformed 
roleplay than not according to parent-reported weekly aggression (d = 0.68), but 
only 2 to 8 times more likely according to teacher-reports of aggression (IRPA and 
TRF) and child-reported aggression frequency (IRPA; ds 0.14–0.30). We found no 
support for larger aggression decreases in virtual reality relative to roleplay on the 
other parent-reported aggression measures (IRPA and CBCL) and weekly child-
reported aggression (BFs < 1.53, ds < 0.06).
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Figure 5
Pre- to post-intervention aggression reports of parents, children, and teachers 
for the YourSkills virtual reality group, YourSkills roleplay group and the care-as-
usual group.

Note. Error bars show standard errors
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Virtual reality versus care-as-usual
Results for six out of seven aggression measures favored virtual reality over care-
as-usual (Table 3). It was 84 times more likely that virtual reality outperformed care-
as-usual than not, according to child- and parent-reported weekly aggression (ds 
0.59–0.95), and 3 to 10 times more likely according to other parent- and teacher-
reports of aggression (IRPA and CBCL/TRF; ds 0.19–0.33). For child-reported 
aggression frequency (IRPA), we found no support for larger aggression decreases 
in virtual reality versus care-as-usual (BF < 1).

Research question 2: Additive value of virtual reality
We conducted Bayesian ANOVAs to analyze whether children in the virtual reality 
group experienced higher levels of emotional engagement, practice immersion, 
treatment appreciation, and perceived efficacy than children in the roleplay group.

Emotional engagement and practice immersion
Results showed that it was very likely that children were more emotionally engaged 
during practice in virtual reality versus roleplays, as suggested by both child and 
therapist-report (BFs > 60.20, ds 0.58–0.60; Table 4). For practice immersion, 
results indicated that it was very likely that children practicing in virtual reality felt 
more immersed than children practicing in roleplays, according to both child- and 
therapist-reports (BFs > 48.57, ds 0.48–1.05).

Treatment appreciation and perceived efficacy
Results showed that it was likely that children in the virtual reality group appreciated 
the treatment more than children in the roleplay group, according to themselves 
(BF = 13.93, d = 0.35), their therapists (BF > 100,000, d = 1.23) and their parents 
(BF = 79.23, d = 0.54; Table 4). Further, results showed that it was only somewhat 
more likely that children participating in the virtual reality version rated the treatment 
overall with a higher grade than children in the roleplay version (BF = 2.71, d = 0.14), 
but much more likely that children rated virtual reality as practicing method with a 
higher grade than roleplays (BF = 1631.37, d = 0.75). For perceived efficacy, reports 
showed that it was much more likely that therapists perceived virtual reality as more 
effective than roleplays (BF = 568.47, d = 0.62; Table 4), and only somewhat more 
likely that children and parents had this perception (BFs 2.40–2.65; ds 0.13–0.14).

3
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Table 4
Means (M), standard deviations (SD), Bayes factors (BF ) and Cohen’s d effect sizes 
(d) of emotional engagement, practice immersion, treatment appreciation, and 
perceived efficacy.

YourSkills
Virtual reality

YourSkills
 Roleplay

Virtual reality
vs Roleplay

M SD M SD         BF  d [95% CI]

Engagement Child 2.77 1.15 2.13 1.08 153.43 0.58 [0.11, 1.04]

Therapist 3.71 1.16 3.06 0.96 60.20 0.60 [0.01, 1.18]

Immersion Child 3.35 1.05 2.81 1.18  48.57 0.48 [0.01, 0.94]

Therapist 3.54 0.93 2.58 0.89 71293.20 1.05 [0.43, 1.65]

Appreciation Child 4.24 0.96 3.87 1.15  13.93 0.35 [-0.11, 0.81]

Therapist 4.56 0.45 3.69 0.91 176419.75 1.23 [0.59, 1.83]

Parent 4.35 0.86 3.86 0.97  79.23 0.54 [0.05, 1.01]

Efficacy Child 4.36 0.65 3.79 0.73  2.65 0.14 [-0.32, 0.60]

Therapist 4.24 0.59 3.83 0.74 568.47 0.62 [0.02, 1.19]

Parent 4.22 0.90 4.11 0.79  2.40 0.13 [-0.34, 0.60]

Rating YourSkills 8.40 1.75 8.10 2.34 2.71 0.14 [-0.32, 0.60]

Method 8.66 1.51 6.90 2.88 1631.37 0.75 [0.27, 1.22]

Note. CI = Confidence Interval

DISCUSSION
The present multicenter randomized controlled trial examined whether interactive 
virtual reality enhanced the effectiveness of CBT for boys with aggressive behavior 
problems compared to CBT with roleplays and care-as-usual. The results indicated 
that CBT with virtual reality was more likely to reduce aggressive behavior than 
care-as-usual for six out of seven outcomes. Effects were medium-to-large for 
measures assessing weekly aggression (ds .59 – .95) and small-to-medium for 
measures assessing aggression in the past month (ds .19 – .33). The same pattern 
of results was found when we compared both CBT groups (i.e., virtual reality and 
roleplays) to care-as-usual, suggesting that our newly developed CBT protocol 
outperformed care-as-usual. When we directly compared virtual reality versus 
roleplays, results favored virtual reality on four of seven aggression measures, 
with small-to-medium effect sizes (ds .14 – .68). Virtual reality clearly outperformed 
roleplays on other aspects: it was very likely that children were more emotionally 
engaged and immersed during virtual reality practice than in roleplays. Also, 
children most likely appreciated virtual reality more and perceived this method as 
more effective than roleplays.
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Our findings provide the first indication that interactive virtual reality can enhance 
effects of CBT for children with aggressive behavior problems. Effect sizes for 
virtual reality versus care-as-usual were substantial (ds .19 – .95) and similar or 
larger than in meta-analytic research comparing CBT to control groups (d = .23; 
McCart et al., 2006). In line with these effects, 48.6% of parents in the CBT virtual 
reality group reported clinically relevant improvements in children’s aggression, 
and parent-rated average aggression scores decreased from clinical levels to 
the normal range. Moreover, virtual reality likely enhanced children’s treatment 
appreciation and involvement. This is highly relevant, as children with aggressive 
behavior problems are often not motivated for treatment (Frick, 2012; Lochman et 
al., 2019), whereas enhancing treatment appreciation has been related to increases 
in treatment effectiveness (Lochman, Kassing, et al., 2017).

Interactive virtual reality had some benefits over CBT with roleplays. Children 
practicing in virtual reality were more emotionally engaged and immersed, and we 
found some indications that virtual reality outperformed roleplays in effectiveness. 
These findings align with the dual-mode social information processing model for 
children with aggressive behavior problems (Verhoef et al., 2022). This model 
proposes that children process social information in either the automatic mode 
(i.e., fast, emotion-driven aggression) or the reflective mode (i.e., slow, deliberately 
selected aggression). Based on this model, interventions may be most effective 
when children’s social information processing patterns are targeted in the mode 
that is also active when they engage in aggressive behavior in daily life. Virtual 
reality may trigger the automatic mode more so than roleplays, as children practice 
in realistic environments and do not have to rely on their memory or imagination 
(Park et al., 2011), triggering the reflective mode.

Although our results provide first indications that both virtual reality and our 
newly developed CBT protocol outperformed care-as-usual, we did find marked 
differences between outcome measures. Effects on measures assessing aggression 
in the past month (i.e., CBCL/TRF and IRPA) were generally smaller than effects on 
measures assessing aggression in the past week (i.e., weekly aggression measure). 
We propose three explanations for this discrepancy. First, we used measures that 
were validated to assess children’s aggression in the past month. However, at 
post-assessment, this month included the last few weeks of the treatment period. 
In these weeks children still needed to learn new skills and generalize these 
to daily life, and so the monthly measures may have underestimated treatment 
effects. Second, the weekly measures might have been more sensitive to short-
term changes in behavior as these items were specifically developed to capture 
this (Alsem, Keulen, et al., 2022). Third, questions concerning a longer time period 
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may be more strongly affected by the ‘halo effect’: a generalized impression of a 
child as ‘aggressive’ (Abikoff et al., 1993). The weekly measures may have been 
less susceptible to negative views that parents and teachers may have developed 
about children with behavior problems (DeVries et al., 2017).

Effects of CBT with virtual reality also differed between informants. Child-reported 
effects on aggression were generally smaller than effects reported by parents and 
teachers. One explanation is that children may have underreported their aggressive 
behavior problems at pre-assessment (e.g., due to external attributions of their own 
behavior; De Los Reyes & Kazdin, 2005). Children may then have become more 
aware of their problems during the treatment (i.e., response shift bias; Rioux & Little, 
2020), which is in line with our finding that we found little support for decreases in 
child-reported aggression across all treatment groups. Alternatively, parents and 
teachers may have overreported effects of the treatment. They were not blind 
to allocation status, and may have expected the novel virtual reality treatment 
to be more effective. However, this alternative explanation seems less likely, as 
intervention effects on parent reported measures have generally been found to be 
similar in magnitude to actual observed effects (Menting et al., 2013).

Strengths of this study include the randomized design with two comparison 
groups that allowed us to compare virtual reality with care-as-usual and examine 
the additive value of virtual reality compared to roleplays. We included multiple 
clinical centers, and recruited children in routine care. We used a multi-informant 
approach, which is highly informative as aggressive behavior is context-dependent 
and the correspondence between informants is relatively low (De Los Reyes et al., 
2015). Last, we used Bayesian statistics, presenting the enhanced effectiveness 
of virtual reality in terms of likelihood, which is relevant for clinicians who have to 
decide under uncertainty which treatment is most likely to be effective.

Our study also had its limitations. First, we were not able to achieve our 
preregistered sample size, which was inevitable given the COVID-19 situation. 
We used Bayesian statistics, which are still influenced by smaller sample sizes (i.e., 
lower Bayes factors reflect less certainty), but allowed us to quantify the amount 
of support for our hypotheses instead of yielding a dichotomous decision based 
on an arbitrary cut-off (e.g., p < .05; Cohen, 1988) that may have been unduly 
influenced by a lack of power (van de Schoot et al., 2014). Second, only half of 
the families in the care-as-usual group participated in treatment for aggressive 
behavior problems during the study (although they could receive treatment for 
other problems). This group should thus be seen as a partly passive control group, 
and effects might have been smaller when care-as-usual treatment participation 
had been higher. On the other hand, our control group does reflect treatment 
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received by children in routine care in clinical centers in the Netherlands. Third, 
due to ethical and practical regulations in the clinical centers, pre-assessments 
were conducted after randomization. Parents, children and teachers were not blind 
to allocation during the pre-assessment, which might in theory have influenced 
their reports of children’s aggressive behavior problems, as well drop-out rates. 
Specifically, our randomization procedure could not prevent us from ending up 
with unequal sample sizes over conditions. The care-as-usual group was smallest, 
due to the highest number of parents who withdrawn consent after randomization 
(n = 6). This was inevitable, given the ethical requirement that consent can be 
withdrawn at all times and without reasons. Future research may aim for baseline 
assessments prior to randomization, if ethically and practically attainable.

Our findings open up promising directions for future research. First, our study 
provides promising first indications that CBT with interactive virtual reality may 
be more effective than care-as-usual for children with aggressive behavior 
problems; however, this is a first study and replication is needed. Second, building 
on the promising immediate post-intervention effects of CBT with virtual reality, 
it would be interesting to examine longer term effectiveness, as training effects 
can become more apparent when children have had more time to generalize 
learned skills to daily life (Lochman et al., 2015; McCart et al., 2006). Third, we 
included only boys in our study and findings can thus not be generalized to girls. 
Future research could examine whether girls with aggressive behavior problems 
benefit equally from adding virtual reality to interventions, or that adaptions need 
to be made in virtual reality scenarios. Fourth, it may be interesting to examine 
the mechanisms of change that may drive the decreases in aggression within 
children (Chorpita et al., 2005). For example, researchers could test if enhanced 
levels of emotional engagement and immersion in virtual reality predict larger 
decreases in aggression. Also, it may be relevant to test emotion regulation and 
social information processing as treatment mechanisms, especially as virtual 
reality may be a more effective tool to practice these skills. Fifth, investigating 
the cost-effectiveness of CBT with virtual reality may be a relevant next step, as 
this new technology comes along with extra costs for equipment, licenses to use 
the virtual reality, and training professionals (Lindner, 2021). This could be worth 
the investment if converging evidence shows that CBT with virtual reality is more 
effective than current treatments and may result in shorter treatments, less drop 
out, and lower costs for society on the long term (Geraets et al., 2021). Sixth, 
future research could examine therapist effects and for example investigate the 
influence of therapeutic alliance or years of experience on treatment outcomes 
(Karver et al., 2018).

3
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In conclusion, we have found that it is likely that CBT with interactive virtual reality 
leads to larger decreases in children’s aggressive behavior compared to care-as-
usual. Compared to CBT with roleplays, results moderately favored virtual reality on 
four out of seven aggression measures, and clearly supported that virtual reality is 
likely to enhance children’s emotional engagement and practice immersion, as well 
as treatment appreciation and perceived efficacy. Thus, interactive virtual reality 
seems a promising tool to enhance children’s motivation during treatment and 
increase the effectiveness of CBT for children with aggressive behavior problems.
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ABSTRACT
Interventions for children’s aggression typically target assumed underlying 
mechanisms, such as anger regulation and hostile intent attribution. The 
expectation here is that targeting these mechanisms will result in within-person 
changes in aggression. However, evidence for these mechanisms is mostly based 
on between-person analyses. We therefore examined whether within-person 
changes in adaptive anger regulation and hostile intent attribution covaried with 
within-person changes in children’s aggression. Children (N = 223; age 7 to 12; 46% 
boys) filled out four weekly report measures to assess adaptive anger regulation, 
hostile intent attribution, and aggression. The psychometric properties of these 
novel measures were adequate. Results of multi-level analyses revealed within-
person effects: weekly changes in adaptive anger regulation and hostile intent 
attribution covaried with changes in children’s aggression. This corresponded 
with between-person findings on the same data: children with lower levels of 
adaptive anger regulation and higher levels of hostile intent attribution reported 
more aggression than other children. These findings support the idea that targeting 
anger regulation and hostile intent attribution in interventions may lead to changes 
in individual children’s aggression.

Keywords
Emotion regulation, hostile intent attribution, childhood aggression, within-person 
analyses, diary report
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INTRODUCTION
Aggressive behavior problems in children are among the most common reasons for 
referral to mental health care (Lochman & Matthys, 2017; Merikangas et al., 2009). 
Left untreated, aggressive behavior problems are persistent and relatively stable 
over time (Burks et al., 2001; Girard et al., 2019; Jester et al., 2008), predicting 
later delinquency, substance abuse, lower academic achievement, disturbances 
in relationships with peers, and high costs to society (Evans et al., 2021; Foster 
et al., 2005; Loeber & Farrington, 2000; Stipek & Miles, 2008). Interventions for 
children’s aggression typically target assumed underlying mechanisms, such 
as anger regulation and hostile intent attribution (Bookhout et al., 2017). The 
expectation here is that targeting these mechanisms will result in within-person 
changes in aggression. However, evidence for the associations between these 
mechanisms and children’s aggression consists almost exclusively of findings from 
between-person analyses (e.g., Crick & Dodge, 1996; de Castro et al., 2005). These 
between-person analyses may reveal, for example, that, on average, children 
who make more hostile intent attributions, become more aggressive over time 
compared to children who make less hostile intent attributions (i.e., interindividual 
differences). However, these findings will not reveal whether within-person changes 
in children’s hostile intent attribution covary with changes in their own aggression 
(i.e., intraindividual processes). To truly understand mechanisms of change, we 
need research that examines within-person change instead of between-person 
differences. Our aim of the present study was to examine within-person covariation 
in anger regulation, hostile intent attribution, and children’s aggression.

Within-person studies are an important next step in clinical psychology research. 
Although between-person evidence is valuable to identify variables that can be 
targeted in interventions, we cannot conclude that associations found in between-
person analyses are similar to within-person associations (Burke & Loeber, 2016; 
Kazdin, 2011). In fact, previous studies have shown that conflating the two can lead 
to biased results and potentially incorrect conclusions (Berry & Willoughby, 2017; 
Hoffman & Stawski, 2009). This issue is less abstract than it may seem. Consider 
the relation between speed of typing and number of typos (Litschge et al., 2010)—
even though some people - such as typists - will type faster and make less typos 
than others (i.e., a negative between-person association), they will also make more 
mistakes when they type faster (i.e., a positive within-person association; Hamaker, 
2012). Another illustrative example comes from developmental psychology 
research. In one study, between-person analyses showed that adolescents who 
were more secretive than others, also perceived more privacy invasion by their 
parents. In contrast, within-person analyses showed that when an adolescent 
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became more secretive, parental privacy invasion actually decreased (Dietvorst et 
al., 2018). These examples show that, at least in some cases, within- and between-
person analyses can yield opposite conclusions. This has important implications 
for intervention research, where targeting mechanisms based on between-person 
findings might inadvertently cause iatrogenic effects.

Many interventions for children’s aggression are based on between-person 
findings. The present study therefore seeks to investigate within-person 
associations for two frequently targeted mechanisms of change in interventions 
for children’s aggression: anger regulation and hostile intent attribution (Bookhout 
et al., 2017). According to the social information processing model, both anger 
regulation and hostile intent attribution should predict within-person changes in 
aggressive behavior (Crick & Dodge, 1994; Lemerise & Arsenio, 2000). This model 
assumes that children process social information in ordered steps (e.g., encoding, 
interpretation, goal selection, response generation), resulting in a behavioral 
response. However, empirical research examining anger regulation and hostile 
intent attribution as predictors of aggression has predominantly used between-
person analyses, such as regression analyses or cross-lagged panel models at 
the group level (Hamaker et al., 2015). From these studies, we know that children 
with higher levels of aggressive behavior also have more difficulties regulating 
their anger and frustration than other children (Eisenberg et al., 2005; Rothbart 
et al., 1994), have a limited repertoire of adaptive anger regulation strategies 
(de Castro et al., 2005; Roberton et al., 2012; Röll et al., 2012), and displayed 
emotion regulation problems already earlier in their development (Röll et al., 
2012). Moreover, children with aggressive behavior problems display a stronger 
tendency to interpret ambiguously intended social behavior as stemming from 
hostile intent (Crick & Dodge, 1996; Verhoef et al., 2019), and both experimental 
and longitudinal research have shown that hostile intent attribution triggers and 
predicts children’s aggression (de Castro et al., 2003; Dodge et al., 2015). Although 
this body of between-person evidence is substantive, it is not enough to support 
these constructs as mechanisms of change in interventions (Hamaker et al., 2015). 
Only within-person analyses can inform us whether changes in children’s anger 
regulation and hostile intent attribution will indeed coincide with changes in their 
aggression.

Research on within-person associations requires that data are collected at 
multiple timepoints from multiple individuals (Curran & Bauer, 2011). An appropriate 
approach for this goal are diary report methods (Bolger et al., 2003; Esposito et al., 
2005), which are used to study individuals’ behavior on repeated measurements 
over a predefined period (ranging from days to months; Lischetzke, 2014). Clinical 
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researchers, for instance, have used diary reports to assess weekly changes in 
children’s well-being, such as the Brief Problem Checklist and the Child Outcome 
Rating Scale (Casey et al., 2020; Weisz et al., 2012). This approach seems 
particularly relevant for the study of anger regulation and hostile intent attribution 
since short-term variability in these constructs is found to be high. Anger regulation 
varies over days and situations (Colasante et al., 2016; McMahon & Naragon-
Gainey, 2019) and hostile intent attribution may vary within children depending 
on the moment and context (de Castro et al., 2003). We therefore developed 
weekly report measures to assess children’s adaptive anger regulation, hostile 
intent attribution, and aggression on a weekly basis.

Our aim of the present study was to investigate within-person covariation in 
adaptive anger regulation, hostile intent attribution, and children’s aggression. To 
this end, we first examined the psychometric properties of our newly developed 
weekly report measure by testing the internal consistency, convergent validity, 
and concurrent validity. Second, we investigated our main research question: 
whether within-person changes in adaptive anger regulation and hostile intent 
attribution covaried with within-person changes in aggression—mirroring the 
between-person findings of previous research. We used multi-level analyses to 
test whether children would report higher levels of aggression in weeks when 
they reported lower levels of adaptive anger regulation and higher levels of 
hostile intent attribution. Third, we examined whether our within-person findings 
would correspond with between-person findings with the same data, expecting 
that children with lower levels of adaptive anger regulation and higher levels of 
hostile intent attribution, reported more aggression than other children. With our 
study, we hope to provide more insight into a key assumption underlying current 
interventions: that changes in anger regulation and hostile intent attribution are 
related to changes in individual children’s aggression.

METHOD

Participants
Participants were 223 children, 7 to 12 years of age (54% girls, 46% boys; 
Mage = 10.18, SD = 1.21). We recruited children from Dutch primary education schools 
in (sub)urban communities. The schools served mostly middle-class communities 
(income inequality in The Netherlands is relatively low; U.S. Central Intelligence 
Agency, 2018). The six participating schools distributed consent letters to all 
parents/caregivers of children from grades 3 to 6. An overview of descriptive 
statistics for each school separately is provided in Table 1. Active written informed 
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consent was obtained from all parents and twelve-year-old children (consent rate 
44%). A cinema gift card (€30) was raffled among participating children. The study 
was approved by the Ethics Review Board of Utrecht University’s Faculty of Social 
and Behavioral Sciences (No. 20-0204).

Table 1
Descriptive statistics of the participants per school.

School n % boys % girls Mage SDage

1 87 37.9% 62.1%  9.84 1.21

2 39 51.3% 48.7% 10.64 1.02

3 14 64.3% 35.7% 11.67 0.30

4 15 46.7% 53.3% 11.16 0.84

5 25 56.0% 44.0%  9.77 1.13

6 43 46.5% 53.5%  9.87 1.05

Procedure
Data collection took place in children’s classrooms during four weekly sessions 
of 5 minutes (week 1-3) or 30 minutes (week 4), which were spaced exactly one 
week apart. During the first session, research assistants provided children with 
instructions and a paper booklet containing all study measures. Children filled out 
the first weekly report, with research assistants present to answer any questions. 
During the second and third session, children filled out the second and third 
weekly report accompanied by their own teacher. At the fourth session, research 
assistants asked children to fill out the fourth weekly report, as well as several 
validated measures assessing anger regulation, hostile intent attribution, and 
aggression.

Weekly report measures
Based on existing questionnaires, we developed a weekly report to assess 
adaptive anger regulation, hostile intent attribution, and aggression that we 
expected to be sensitive to weekly changes. Constructing a short, feasible scale 
was important because longer or more complicated instruments are not suited 
for repeated measurements in children (Casey et al., 2020). For the aggression 
and anger regulation scales, we used similar items as assessed in a recently 
published intervention trial examining weekly emotion regulation and aggression 
in adolescents (te Brinke et al., 2021). We conducted a pilot study in another sample 
of children (n = 89) to assess the quality of these items, which led us to replace 
the anger regulation item ‘This week I was angry’ with ‘This week I managed to 
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do something against my anger’ to improve internal consistency. By changing this, 
internal consistency of the adaptive anger regulation scale increased from low 
(Cronbach’s α ranging from .12 to 39 across weeks) in the pilot study to adequate 
(α ranging from .67 to .72) in the current study. Internal consistencies were already 
adequate in the pilot study for the hostile intent attribution scale (α ranging from 
.65 to .75) and aggression scale (α ranging from .69 to .80).

Adaptive anger regulation
We assessed weekly adaptive anger regulation by asking children to rate three 
items: ‘This week I managed to do something against my anger,’ ‘This week I was 
so angry that I couldn’t stop myself,’ ‘This week I was able to calm myself down 
when I got angry,’ on a 5-point scale (1 = never; 5 = very often). We averaged across 
items to calculate an adaptive anger regulation score for each week, allowing for 
missing data in item scores (1.2% missed one item).

Aggression
To assess children’s weekly aggression, we asked children to rate three items: 
‘This week I fought with someone,’ ‘This week I kicked or beat someone,’ and 
‘This week I called someone names,’ on a 5-point scale (1 = never; 5 = very often). 
Items were averaged for each week, allowing for missing data in item scores (2.2% 
missed one item; 0.3% missed two items).

Hostile intent attribution
To assess children’s weekly hostile intent attribution, we asked children to rate 
three items: ‘This week people were mean to me,’ ‘This week people were nice to 
me,’ and ‘This week people wanted to bother me,’. Children rated the items on a 
5-point scale (1 = never; 5 = very often) and items were averaged for each week, 
allowing for missing data in item scores (2.2% missed one item; 0.6% missed two 
items).

Validation measures
Adaptive anger regulation strategies
Children filled out the anger scale of the FEEL-KJ (Braet et al., 2013), rating their 
anger regulation strategies over the past month on a 5-point scale (1 = almost 
never; 5 = almost always). Only the adaptive scale was used in this study (14 items; 
e.g., ‘When I’m angry I think about how I could solve the problem’). We computed 
scores as the average across items (Cronbach’s α = .88), allowing for missing data 
in item scores (9.0% missed one item, 0.4% missed three items and 1.3% missed 
seven items).

4
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Aggression
We measured children’s aggression using the 7-item Instrument for Reactive and 
Proactive Aggression (IRPA; Polman et al., 2009). Both children and teachers rated 
the frequency of children’s aggressive behaviors in the past month (e.g., ‘How often 
did you/this child kick other children in the past month?’) on a 5-point scale (1 = did 
not occur; 5 = daily). We computed aggression scores as the average across items 
(Cronbach’s αteacher = .82 and αchildren = .73), allowing for missing data in item scores 
(0.4% of the teachers missed one item; 3.1% of the children missed one item and 
0.4% of the children missed four items).

Hostile intent attribution
Four audiotaped vignettes describing hypothetical, ambiguous peer provocations 
were used to assess children’s hostile intent attribution (adapted from de Castro 
et al., 2005). Research assistants told children that they would listen to vignettes 
about daily social events. Children were asked to imagine each story was 
happening to them. After each story, children filled out two questions: ‘The other 
boy did [behavior other boy]. Did he intend to be mean?’ and ‘Did he do this to 
bother you?’ on a 10-point scale (1 = not at all; 10 = very much). The eight items 
were averaged (Cronbach’s α = .83), allowing for missing data in item scores (2.2% 
missed one item and 0.4% missed two items).

Data analyses
We first examined three psychometric properties of our weekly report measures 
using IBM SPSS Statistics 26. First, we assessed whether internal consistency was 
adequate, using Cronbach’s alpha’s (α > .60) and item-total correlations (r > .20; 
Evers, Lucassen, Meijer, & Sijtsma, 2010). Second, we examined convergent validity 
by testing whether the weekly reports were significantly positively associated 
with validated questionnaires assessing the same construct. Third, we examined 
concurrent validity by testing whether, in each week, adaptive anger regulation 
and hostile intent attribution reports were significantly associated with the weekly 
reports of aggression in the same week.

We examined within-person and between-person associations using multilevel 
analyses in Mplus 8 (Muthén & Muthén, 2019). We took a three-step approach. 
First, we executed three random intercept models to assess whether there was 
significant variance at the within- and between-person level in adaptive anger 
regulation, hostile intent attribution, and aggression. As significant variance is 
required to examine within-person and between-person associations, this step 
serves as a prerequisite for the next steps. Second, we executed one model to 
investigate within-person associations, entering adaptive anger regulation and 
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hostile intent attribution as predictors for aggression at the within person level 
(i.e., level 1). We used person-mean centred variables for these analyses, which we 
created by subtracting children’s own mean score across the four weeks from each 
of their weekly scores. This allowed us to examine whether lower (than their own 
average) levels of adaptive anger regulation and higher (than their own average) 
levels of hostile intent attribution predicted higher levels of aggression within each 
week. The resulting betas represent the average within-subject effects across 
the four weeks. Third, we investigated between-person associations by adding 
adaptive anger regulation and hostile intent attribution as predictors to the model 
at the between person level (i.e., level 2). For these analyses, we created grand 
mean centred variables by subtracting the sample’s mean score from children’s 
mean scores across the four weeks. This allowed us to examine whether children 
with lower (than the sample average) levels of adaptive anger regulation and 
higher (than the sample average) levels of hostile intent attribution also displayed 
higher levels of aggression. The raw data and analysis code are available at the 
Open Science Framework.

RESULTS

Preliminary analyses
Missing data
We inspected missingness in our weekly measures. In total, 162 children completed 
questionnaires in all four weeks (72.6%) and almost all children completed 
questionnaires in at least three weeks (97.3%). We compared children that completed 
all four weeks (n = 162) with children with at least one missing week (n = 61) and 
found no significant differences in levels of adaptive anger regulation, hostile intent 
attribution, and aggression. To check for missing data patterns on item level across 
assessments, we conducted Little’s test which produced a normed χ2 (χ2/df) of 1.33, 
indicating that data were missing at random (Bollen, 1989). We therefore used default 
settings for multilevel data in Mplus to estimate missing data, which is maximum 
likelihood (MLR; Muthén & Muthén, 2007). Missingness for validation measures was 
low (3.8%) and was handled using pairwise deletion in SPSS.

Descriptive statistics of the weekly report measures
Descriptive statistics and intercorrelations of children’s mean scores across the 
four weeks were calculated. Children scored on average 4.05 on adaptive anger 
regulation (SD = 0.78; ranging from 1.44 to 5.00), 1.75 on hostile intent attribution 
(SD = 0.62; ranging from 1.00 to 4.33), and 1.58 on aggression (SD = 0.59; ranging 
from 1.00 to 3.89). As expected, children with lower levels of adaptive anger 
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regulation scored higher on hostile intent attribution (r = - .37, p < .001) and 
aggression (r = - .43, p < .001). Children with higher levels of hostile intent attribution 
also scored higher on aggression (r = .53, p < .001).

Table 2
Pearson’s correlations of the weekly reports of adaptive anger regulation, hostile 
intent attribution, and aggression with validated measures assessing the same 
constructs.

Validation measures

Adaptive anger 
regulation

Hostile intent 
attribution

Aggression
child-report

Aggression
teacher-report

Weekly report week 1 .27** .24** .50** .30**

Weekly report week 2 .30** .24** .60** .32**

Weekly report week 3 .20** .15* .63** .22**

Weekly report week 4 .25** .17* .57** .23**

* p < .05 ** p < .01

Psychometric properties of the weekly report measures
The internal consistencies of the weekly measures were adequate: Cronbach’s 
α’s ranging from .61 to .96, and item-total correlations ranging from .22 to .72 
(see Appendix B). The convergent validity of the weekly measures was adequate: 
Correlations between the weekly reports and validated measures of the same 
constructs were all significant, with small-to-moderate correlations for adaptive 
anger regulation, small correlations for hostile intent attribution, and large 
correlations for child-reported aggression (see Table 2; Cohen, 1988). Last, attesting 
to the concurrent validity, the weekly reports of aggression were significantly 
correlated with weekly reports of both adaptive anger regulation (ranging from 
r = -.29 to -.43; all ps < .05) and hostile intent attribution in the same week (ranging 
from r = .44 to .53; all ps < .05; see Appendix A).

Main analyses
Within-person and between-person variance
There was significant variance at both the within- and between-level in each of 
the three weekly report variables (all ps < .001) of adaptive anger regulation (41.7% 
within; 58.3% between), hostile intent attribution (45.5% within, 54.5% between), 
and aggression (37.9% within; 62.1% between). These within-person variances 
indicate that children fluctuated in their levels of adaptive anger regulation, hostile 
intent attribution, and aggression over the four weeks, whilst the between-person 
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variances indicate that children differed from each other in their average levels of 
these variables across the four weeks.

Within-person associations
As expected, we found that within-person changes in adaptive anger regulation 
(B = -0.11, SE = 0.04, β = -.14, p = .002) and hostile intent attribution (B = 0.28, 
SE = 0.04, β = .30, p < .001) were significantly related to within-person changes 
in aggression during the four weeks (see Table 3). Together, adaptive anger 
regulation and hostile intent attribution explained 17.2% of variance in aggression 
at the within-person level. These findings indicate that children reported more 
aggression in weeks they reported less adaptive anger regulation and more hostile 
intent attribution. To illustrate these within-person effects, Figure 1 presents scores 
of the four children with the highest variation in aggression.

Between-person associations
As expected, we found that adaptive anger regulation (B = -0.20, SE = 0.06, 
β = -.30, p < .001) and hostile intent attribution (B = 0.42, SE = 0.06, β = .49, p < .001) 
were significantly related to aggression at the between-person level across the 
four weeks (see Table 3). Adaptive anger regulation and hostile intent attribution 
together explained 38.3% of the variance in aggression at the between-person 
level. These findings indicate that children who reported lower levels of adaptive 
anger regulation and higher levels of hostile intent attribution than others, also 
showed more aggression than others.

Table 3
Results of the multilevel analyses of the within and between person effects of 
adaptive anger regulation and hostile intent attribution on aggression over four 
weeks

B SE β p

Within person

Adaptive anger regulationa -0.11 0.04 -.14  .002

Hostile intent attributiona  0.28 0.04  .30 < .001

Between person

Adaptive anger regulationb -0.20 0.06 -.30 <.001

Hostile intent attributionb  0.42 0.42  .49 <.001

a Person mean centered; b Grand mean centered

4
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Figure 1
Within-person change of adaptive anger regulation and hostile intent attribution 
with aggression in four children with the highest variation in aggression.

DISCUSSION
Interventions for children’s aggression typically target assumed underlying 
mechanisms, such as anger regulation and hostile intent attribution. The 
expectation here is that targeting these mechanisms will result in within-person 
changes in aggression. However, evidence for these mechanisms is mostly based 
on between-person analyses. Therefore, in the present study we examined 
within-person covariation in adaptive anger regulation, hostile intent attribution, 
and children’s aggression over a four-week period. We developed weekly report 
measures to assess adaptive anger regulation, hostile intent attribution, and 
aggression. These measures showed adequate psychometric quality. Results 
revealed within-person associations: weekly changes in adaptive anger regulation 
and hostile intent attribution covaried with changes in children’s aggression. Similar 
patterns were found at the between-person level: children who reported lower 
levels of adaptive anger regulation and higher levels of hostile intent attribution 
than others, reported more aggression than others over the four weeks.

The present study is the first to replicate findings from earlier between-person 
analyses at the within-person level: changes in adaptive anger regulation and 
hostile intent attribution were related to changes in aggression within children, 
as depicted in Figure 1 (Crick & Dodge, 1994; de Castro et al., 2005; Verhoef 
et al., 2019). This finding is crucial for interventions, as it supports the use of 
anger regulation and hostile intent attribution as mechanisms of change to target 
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in interventions for children’s aggression (Bookhout et al., 2017; Hamaker et 
al., 2015). Future intervention research could build on these findings by target 
children’s anger regulation and hostile intent attribution, while assessing within-
person changes in both these mechanisms and children’s aggression. That way, 
researchers may learn whether induced changes in the assumed mechanisms 
indeed predict decreases in individual children’s aggression over the treatment 
weeks (Kazdin, 2011). Our newly developed weekly report measures may provide 
an easy and valid tool to do so.

A strength of our study was that it included a relatively large sample of children 
followed over four weeks, which allowed us to apply a multilevel model. To our 
knowledge, this study was the first to examine whether within-person changes in 
anger regulation and hostile attribution are associated with changes in aggression. 
In addition, we developed weekly report measures of anger regulation, hostile 
intent attribution, and aggression, which demonstrated adequate psychometric 
qualities. If these promising findings are replicated in clinical samples, our weekly 
report measures could be valuable instruments to monitor mechanisms of change 
and treatment progress over the course of an intervention.

Our study also had its limitations. First, our main findings relied solely on self-
report. Although self-reports of children’s aggression have been associated with 
parent- and teacher-report (Achenbach et al., 1987; Marsee et al., 2014), using 
only self-reports raises the issue of common method variance. In fact, this issue 
might have contributed to the high amount of explained variance in aggression 
that we observed at the between-person level (38.3%). Future research could 
build on our findings by studying weekly changes in aggression with reports of 
multiple informants or observational measures. For hostile intent attribution and 
anger regulation, however, self-reports might be the preferred approach since 
these concepts concern internal processes that may be less visible to parents 
or teachers than external behavior (Cracco et al., 2015; Crick & Dodge, 1994). 
Second, the generalizability of our findings is still limited. We assessed only 
direct aggression, and data were collected in the Netherlands in a relatively 
well-functioning community sample of children ages 7 to 12 years (i.e., children 
recruited from the regular population with low mean levels of aggression). No 
data concerning ethnic background were collected. Future research is needed 
to examine whether our findings generalize to other forms of aggression (e.g., 
indirect aggression), and to other populations (e.g., children living in other regions, 
with diverse ethnic backgrounds, or children with aggressive behavior problems). 
Third, with our analyses we only examined covarying change and were not able 
to study temporal priority. It would be an interesting avenue for future research to 
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investigate whether fluctuations in anger regulation and hostile intent attribution at 
one moment temporally predict later changes in aggression. Fourth, the consent 
rate was relatively low in our study (44%). As consent rates are typically lower in 
schools serving children from lower socioeconomic backgrounds (Esbensen et 
al., 2008), future research may study within-person associations in more diverse 
samples including children showing higher levels of aggressive behavior.

Our findings open promising directions for future research. First, we showed 
evidence of spontaneous covarying change over a four-week period. An important 
next step may be to examine within-person associations when changes in anger 
regulation and hostile intent attribution are induced in therapy, which may inform 
us about the causal direction of within-person changes. Second, at a more 
fundamental level, it may also be relevant to consider the exact time intervals at 
which within-person associations are examined (Keijsers & van Roekel, 2018). For 
instance, research has shown that children’s anger and aggression covary at a 
daily basis (Colasante et al., 2016), but conversely we know that children develop 
relatively consistent and stable emotion regulation styles and use these across 
different situations (Roberton et al., 2012). Third, an interesting avenue for future 
research might be to examine interaction effects of anger regulation and hostile 
intent attribution on children’s day-by-day variations in aggression. For instance, 
it might be that children only become aggressive if they attribute hostile intent at 
moments when they are not able to regulate anger feelings effectively, for example 
because they are tired (Lemerise & Arsenio, 2000).

In conclusion, we have found that within-person changes in adaptive anger 
regulation and hostile intent attribution covaried with changes in children’s 
aggression. These findings provide strengthened support for the assumption that 
targeting anger regulation and hostile intent attribution in interventions may lead 
to reductions in individual children’s aggression. As such, our study may inspire 
researchers to conduct within-person studies to investigate assumed mechanisms 
of change in clinical interventions.
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APPENDIX A
Pearson’s correlations of the weekly reports and validated measures (assessed in 
week 4) of adaptive anger regulation and hostile intent attribution with the weekly 
reports of aggression in each of the four weeks.

Weekly measure Validated measures

Adaptive anger 
regulation

Hostile intent 
attribution

Adaptive anger 
regulation

Hostile intent 
attribution

Aggression week 1 -.35** .44**  -.15*  .16*

Aggression week 2 -.43** .50**  -.17*  .16*

Aggression week 3 -.35** .53** -.13 .11

Aggression week 4 -.29** .51**  -.16* .12

** p < .01 * p < .05

4
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APPENDIX B
Cronbach’s α and item-total correlations of the weekly reports of adaptive anger 
regulation, hostile intent attribution, and aggression.

Measure Cronbach’s α Minimum - maximum of 
the item-total correlations

Adaptive anger regulation week 1 .67 .27 - .61

Adaptive anger regulation week 2 .69 .22 - .69

Adaptive anger regulation week 3 .70 .24 - .70

Adaptive anger regulation week 4 .72 .28 - .72

Hostile intent attribution week 1 .61 .32 - .58

Hostile intent attribution week 2 .67 .44 - .52

Hostile intent attribution week 3 .66 .34 - .58

Hostile intent attribution week 4 .74 .39 - .68

Aggression week 1 .67 .42 - .61

Aggression week 2 .69 .46 - .61

Aggression week 3 .64 .41 - .56

Aggression week 4 .67 .46 - .55
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APPENDIX C
Pearson’s correlations of the weekly reports of adaptive anger regulation and 
hostile intent attribution with the validated measures (assessed in week 4) of 
aggression reported by children and teachers.

Validated measures

Child-reported
aggression

Teacher-reported 
aggression

Anger regulation week 1 -.32**  -.13*

Anger regulation week 2 -.29** -.13

Anger regulation week 3 -.33** -.06

Anger regulation week 4 -.30**  -.19**

Hostile intent attribution week 1  .23**  .20**

Hostile intent attribution week 2  .25**  .20**

Hostile intent attribution week 3  .41**  .21**

Hostile intent attribution week 4  .36**  .19**

** p < .01 * p < .05 4
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ABSTRACT
Intervention programs can effectively reduce children’s aggressive behavior 
problems. However, surprisingly few studies have investigated through what 
underlying mechanisms these interventions exert their beneficial effects. This 
requires high-frequency measurements of change mechanisms throughout the 
course of treatment. We used such a design to examine adaptive anger regulation 
and hostile intent attribution as mechanisms of change in an intervention to reduce 
children’s aggressive behavior problems. In total, 76 boys with aggressive behavior 
problems (Mage = 10.58, SD = 1.52; 96.1% born in Netherlands) participated in an 
11-session cognitive behavioral therapy intervention. During each treatment 
session, we used brief 3-item measures to assess children’s self-reported anger 
regulation, hostile intent attribution and aggression, as well as parent-reported 
child aggression. We analyzed these high-frequency measurements using latent 
growth curve models, providing an empirical test of individual-level change 
mechanisms. Results showed that individual change in child-reported aggression 
was associated with individual change in adaptive anger regulation and hostile 
intent attribution. For parent-reported aggression, such associations were found 
only for hostile intent attribution. These findings provide support for anger 
regulation and hostile intent attribution as within intervention change mechanisms, 
supporting the idea that these mechanisms are effective intervention targets to 
reduce children’s aggressive behavior problems.

Keywords
Within intervention change, aggressive behavior problems, mechanisms of change, 
children.
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INTRODUCTION
Aggressive behavior problems in childhood have a negative impact on children and 
their environment (Girard et al., 2019). When left untreated, the prognosis of children 
with aggressive behavior problems is poor, with increased risk for delinquency, 
substance abuse, and poor school adjustment, resulting in high costs to society 
(Evans et al., 2021; Loeber & Farrington, 2000). To prevent escalation of aggressive 
behavior problems, interventions are needed to treat these problems effectively as 
they arise in childhood (Lochman & Matthys, 2017). Several intervention programs 
for children with aggressive behavior problems have yielded promising effects 
(Weisz & Kazdin, 2017). However, surprisingly few studies have investigated 
through what underlying mechanisms these interventions exert their beneficial 
effects (Kazdin, 2009). The aim of the current study was to investigate two possible 
mechanisms of change in an intervention to reduce children’s aggressive behavior 
problems: anger regulation and hostile intent attribution.

Identifying mechanisms of change is important for several reasons. First, 
identifying and understanding the mechanisms of change in therapy can improve 
our understanding of aggressive behavior problems in children (Kazdin & Nock, 
2003). Second, current interventions can be optimized by ensuring that they target 
the relevant underlying mechanisms and do not contain unnecessary components 
(Kraemer et al., 2002). Third, identifying mechanisms of change can facilitate 
parsimony across the variety of interventions for different problems, by focusing 
on important mechanisms of change that cut across diverse problems (Kazdin & 
Nock, 2003). Fourth, mechanisms of change can be used as ‘tailoring variables’ 
by providing clinicians with the flexibility to adapt treatments to variations in the 
mechanisms underlying children’s problems (Collins et al., 2004; Kazdin & Nock, 
2003).

Interventions to reduce children’s aggressive behavior problems have frequently 
targeted anger regulation and hostile intent attribution as possible mechanisms of 
change (for a review, see: Chorpita & Daleiden, 2009). Both mechanisms are part 
of the social information processing (SIP) model (Crick & Dodge, 1994; Lemerise & 
Arsenio, 2000), which assumes that biases or deficiencies in a series of ordered 
processing steps contribute to aggressive behavior (Crick & Dodge, 1996). Indeed, 
empirical research has shown that children with aggressive behavior problems 
often have difficulties with anger regulation (for reviews see: Roberton et al., 2012; 
Röll et al., 2012) and display a stronger tendency to interpret ambiguously intended 
social behavior as stemming from hostile intent (for a review, see: Verhoef et al., 
2019). From meta-analytical research, we know that targeting anger regulation and 
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problem solving in treatments is associated with larger reductions in aggression 
(Landenberger & Lipsey, 2005; Sukhodolsky et al., 2016). However, to test anger 
regulation and hostile intent attribution as mechanisms of change, intervention 
studies are required that directly assess these mechanisms and investigate how 
treatment change is produced (Greca et al., 2009; Weisz & Hawley, 2002). Of the 
few studies examining mechanisms of change, one intervention study has found 
indications that children’s hostile attributions assessed at post-treatment may have 
functioned as a mediator between the intervention effect and children’s aggressive 
behavior at follow-up (although the mediation effect was not statistically significant; 
Lochman & Wells, 2002). Another intervention study with four measurements 
has shown that emotion regulation skills partially mediated reductions in child 
aggression (Burke & Loeber, 2016). Thus, there are some indications that hostile 
intent attribution and anger regulation may mediate intervention effects on 
aggression.

An important next step in mapping anger regulation and hostile intent attribution as 
mechanisms of change, is to use high-frequency measurements of these variables 
during an intervention study (Kazdin, 2007; Laurenceau et al., 2007). This has 
three advantages. First, repeated measurements allow us to not only capture 
group-level change in mechanisms and outcomes but also examine change and 
variability at the individual-level (Laurenceau et al., 2007). Investigating individual-
level change is needed as this indicates whether changes in a mechanism within a 
specific child are related to changes in treatment outcomes for that child. This has 
not been possible with traditional mediation analyses using group-level analyses 
(e.g., regression or repeated measures analyses) over a few measurements, as 
those analyses can only examine whether differences between children on the 
mechanism predict differences between children on the outcomes. Second, high-
frequency measurements enhance the chance of identifying a mechanism of 
change (Kazdin, 2007). For example, when the trajectory of a mechanism emerges 
as cubic or S-shaped and only few measurements are taken, conclusions are 
highly dependent on the moment of the measurements and cannot identify the 
shape of the trajectory (Laurenceau et al., 2007). Including multiple measurements 
decreases this risk and enables researchers to obtain an accurate and informative 
picture of how change unfolds over time (Laurenceau et al., 2007; Moldovan & 
Pintea, 2015). Third, high-frequency measurements better correspond with the 
theorized change processes for anger regulation and hostile intent attribution. 
That is, changes in children’s anger regulation and hostile intent attribution are 
expected to directly affect their subsequent (aggressive) response, rather than 
changing children’s aggressive behavior in a process that unfolds over months 
between measurement occasions (de Castro et al., 2015).
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To examine mechanisms of change, the timing and spacing of the repeated 
measurements is essential, and should be carefully based upon theory and prior 
work of the expected mechanisms of change (Laurenceau et al., 2007). According 
to the SIP model, anger regulation and hostile intent attribution are situation-
dependent fast mental processes, and may therefore likely be susceptible to rapid 
change. An intervention with weekly sessions should, in theory, be able to produce 
weekly changes in these mechanisms. Indeed, a recent study has revealed that 
weekly changes in adaptive anger regulation and hostile intent attribution covaried 
with weekly changes in children’s aggression (Alsem, Keulen, et al., 2022). The 
present study builds on these findings by examining, within an intervention study, 
whether causing changes in these mechanisms would go together with reductions 
in children’s aggressive behavior.

The current study examined anger regulation and hostile intent attribution as 
mechanisms of change to reduce children’s aggressive behavior problems. Our 
first aim was to examine whether adaptive anger regulation increased, whereas 
hostile intent attribution and child- and parent-reported aggression decreased 
over the intervention weeks. Our second aim was to investigate whether changes 
in anger regulation and hostile intent attribution were associated with changes 
in aggression over the weeks. We expected parallel change, given the theorized 
immediate effects of children’s anger regulation and interpretation on their 
subsequent (aggressive) behavior (de Castro et al., 2015).

We examined our research questions within the intervention YourSkills. In this 
manualized cognitive behavioral therapy (CBT), children practice anger regulation 
and intent attribution skills during social interactions that are either simulated 
in virtual reality or roleplayed by a therapist (Alsem et al., 2021). In a previous 
study, we found that both the virtual reality and roleplay versions of YourSkills 
were more likely to reduce children’s aggressive behavior than care-as-usual for 
six out of seven aggression outcomes, with some indications that virtual reality 
outperformed roleplay (Alsem, van Dijk, et al., 2022). We assessed children’s self-
reported anger regulation, hostile intent attribution, and aggression at each weekly 
treatment session. Parents also provided weekly reports of children’s aggression. 
These high-frequency measurements enabled us to provide an empirical test of 
individual-level change mechanisms.

5
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METHOD

Participants
Participants were 76 children, 8 to 13 years of age (Mage = 10.58, SD = 1.52), who 
participated in a randomized controlled trial. This trial investigated the effectiveness 
of YourSkills, a newly developed cognitive behavioral therapy (Alsem, van Dijk, 
et al., 2022). Children were recruited at fifteen clinical centers in the Netherlands 
providing mental health care for children who have severe problems that impair daily 
functioning and require treatment. Recruitment began in September 2019 and the 
study ended in July 2021. Therapists working at the clinical centers were asked to 
approach parents of boys whose casefiles met the inclusion criteria: age 8-13 years, 
aggressive behavior problems, estimated intelligence level above 80, no severe 
autism spectrum disorder, and no epilepsy or severe visual or auditory limitations.

The randomized controlled trial included 115 children, randomized to three groups: 
YourSkills virtual reality, YourSkills roleplay, or care-as-usual (for the flowchart 
see Alsem, van Dijk, et al., 2022). In this study, we only included children who 
were randomized to the two YourSkills groups, because our aim was to examine 
the mechanisms of change of interventions for children’s aggression. We 
excluded children in the care-as-usual group as we had no information about 
what mechanisms were targeted in the care-as-usual treatments. In addition, 
we only included children who participated in at least five of the intervention 
sessions, because children should have had the opportunity to learn the expected 
mechanisms of change.1 Of the included children, 36 participated in YourSkills 
virtual reality and 40 in YourSkills roleplay. Most children (96.1%) were born in 
the Netherlands and in most families, both biological parents were born in the 
Netherlands as well (73.7%). In 14.5% of the families only one parent was born in 
the Netherlands and in 11.8% of the families both parents were born elsewhere. 
Parents attained middle levels of education (44.7%; ISCED 3-4), high education 
(39.5%; ISCED 5-8), or low education (15.8%; ISCED 0-2; UNESCO, 2012).

We obtained written informed consent from parents and 12- and 13-year-old children. 
Participation was voluntary and children and parents were assured of confidential 
use of their data. Children received a small gift after filling out the last assessment 
(e.g., a multicolor pen). This study was approved by the Ethics Committee of the 
University Medical Center Utrecht (NL67139.041.18) and the trial was registered in 
the Dutch Trial Register (NTR; https://www.trialregister.nl/trial/7959).

1 We conducted sensitivity analyses including the five children that participated in less than half 
of the treatment sessions and results revealed similar conclusions.
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Procedure
The current study consisted of eleven weekly assessments scheduled at each of 
the eleven YourSkills treatment sessions; one introduction session with parents 
and ten sessions with children. Therapists scheduled all sessions and invited 
researchers to conduct the first assessment during the introduction session (i.e., 
our baseline assessment). This assessment took place in another room with the 
first author or a trained research assistant. Children first completed a short task 
and then filled out the weekly assessments used in this study, as well as some 
other questionnaires (20-30 minutes in total). Directly after the session ended, 
the researcher asked parents to fill out questionnaires on a laptop. The ten other 
assessments were integrated within the treatment sessions with the child: all 
sessions started with children filling out the brief measures of anger regulation, 
hostile intent attribution, and aggression in a paper booklet (5 minutes). Parents 
or caregivers who brought the child to the treatment session were asked to fill out 
a brief measure of aggression in the clinical center’s waiting room.

YourSkills treatment
YourSkills is a manualized CBT, developed based on evidence-based treatments 
for children with aggressive behavior problems. The effectiveness of YourSkills 
is examined in a previous study (Alsem, van Dijk, et al., 2022). Results of this 
study showed that both the virtual reality and roleplay versions of YourSkills were 
more likely to reduce aggressive behavior than care-as-usual for six out of seven 
aggression outcomes, suggesting that YourSkills successfully reduced children’s 
aggressive behavior. When we directly compared virtual reality to roleplays, results 
favored virtual reality above roleplays on four of seven aggression measures 
(Alsem, van Dijk, et al., 2022).

The aim of YourSkills is to reduce children’s aggressive behavior problems by 
enhancing emotion regulation and social information processing skills. Children 
practice anger recognition, anger regulation, nonhostile intent attribution, and other 
social problem solving skills in social interactions (for an overview of the treatment 
sessions, see: Alsem et al., 2021). To enable children to practice their skills or new 
cognitions whilst being emotionally engaged, therapists create challenging social 
situations for children in virtual reality or roleplays. In each session, therapists first 
explain a new skill, then model the skill using roleplay, and then—depending on 
the YourSkills version—use virtual reality or roleplays to let children practice the 
skill in anger-provoking social situations, such as being disadvantaged, having 
authority conflicts or being rejected by a peer. The details of the virtual reality 
and roleplay version of YourSkills are described in detail elsewhere (Alsem, van 
Dijk, et al., 2022).

5
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Measures
The psychometric quality of the weekly measures used in the current study were 
investigated in an earlier study. Results showed adequate internal consistency, 
convergent, and concurrent validity for the child-report version (Alsem, Keulen, 
et al., 2022).

Aggression
To assess children’s aggression over the weeks, we asked both parents and 
children to rate three items (e.g., ‘This week my child/I fought with someone’) on 
a scale from 1 (never) to 5 (very often). Ratings were averaged across items. The 
internal consistency in the current study was adequate over the weeks for both 
children (αmean = .79, αrange = .75-.87) and parents (αmean = .79, αrange = .69-.83).

Adaptive anger regulation
We assessed weekly adaptive anger regulation by asking children to rate three 
items (e.g., ‘This week I managed to do something against my anger’) on a scale 
from 1 (never) to 5 (very often). The internal consistency in the current study was 
adequate over the weeks (αmean = .64, αrange = .58-.71).

Hostile intent attribution
To assess children’s weekly hostile intent attribution, we asked children to rate 
three items (e.g., ‘This week people were mean to me’). Children rated the items 
on a scale from 1 (never) to 5 (very often). The internal consistency in the current 
study was adequate over the weeks (αmean = .71, αrange = .52-.83).

Analyses
We ran all analyses in Mplus 8.4 (Muthén & Muthén, 2019). Before we tested our 
hypotheses, we explored whether there was variability in children’s individual 
scores on mechanisms and outcomes over the weeks. We ran four random 
intercept models (i.e., for anger regulation, hostile intent attribution, and child- 
and parent-reported aggression) to estimate the amount of variance at the within- 
and between-person level for each variable. We expected substantial individual 
within-person variation over the weeks, reflecting intervention effects on children’s 
adaptive anger regulation, hostile intent attribution, and aggression. We did not 
expect much variation at the between-person level because of our homogenous 
sample (i.e., participants all had aggressive behavior problems).

To test our first research question, whether children’s adaptive anger regulation 
increased and their hostile intent attribution and aggressive behavior decreased 
across the course of the intervention, we estimated four univariate latent growth 
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models (LGMs) using an intercept factor and a linear slope factor. We expected 
that slope factors would significantly increase for adaptive anger regulation and 
decrease for hostile intent attribution and child- and parent-reported aggression. 
We modelled linear slopes because we expected change over the whole treatment 
period, and this approach is more parsimonious, preventing power problems in 
our relatively small sample.

Next, we investigated our second research question, whether individual-level 
increases in adaptive anger regulation and decreases in hostile intent attribution 
were associated with decreases in child- and parent-reported aggression. We 
estimated four bivariate LGMs, each estimating the slope factors of two variables 
at a time: 1) one of the two mechanisms and 2) children’s aggressive behavior, 
either child- or parent-reported. We expected significant correlations in between 
slope factors in each of the four models. As LGMs estimate individual-level 
change trajectories, these models are suitable to examine mechanisms of change 
(Laurenceau et al., 2007).

Last, as a control analysis, we checked whether children’s change trajectories 
differed between the virtual reality and the roleplay group, using Wald tests. If 
slopes differed between these two intervention groups, we corrected for this 
difference by adding intervention group as predictor to the slope factors. Results 
are presented in Appendix A.

For all LGM models, we examined the model fit using the Chi-square test 
statistic (χ2), the Comparative Fit Index (CFI), and the Root Mean Square Error of 
Approximation (RMSEA). However, we did not necessarily expect a good model fit 
because we had many parameters in the model (i.e., eleven weeks of assessment) 
and a relatively small sample size. We hoped to obtain adequate model fit: CFI 
above .90, RMSEA below .10 and the ratio between the χ 2 test statistic and the 
degrees of freedom below 3 (this was not based on the χ2 significance value to 
avoid problems with sample size; Schermelleh-Engel et al., 2003).

We inspected missingness in our measurements over the weeks. Most children 
completed questionnaires in all eleven weeks (78.9%) and all children completed 
questionnaires in at least six weeks. We compared children who completed all 
weeks (n = 60) with children who missed at least one week (n = 16) and found 
no significant differences in levels of adaptive anger regulation, hostile intent 
attribution, and aggression. To check for missing data patterns on the item-level 
across assessments, we conducted Little’s test. This test yielded a normed χ2 (χ2/
df) of 0.10, indicating that data was missing completely at random (Bollen, 1989). 

5
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We therefore used default settings for multilevel data in Mplus to estimate missing 
data (i.e., maximum likelihood; Muthén & Muthén, 2007).

RESULTS

Preliminary analysis: Individual variability in change mechanisms and aggression
Our models revealed that there was significant variance at both the within- and 
between-level in adaptive anger regulation (57.9% within; 42.1% between), hostile 
intent attribution (58.0% within, 42.0% between), child-reported aggression 
(47.4% within; 52.6% between), and parent-reported aggression (51.9% within, 
48.1% between). The within-person variances were substantial, and indicated, 
as expected, that children showed variability in their levels of adaptive anger 
regulation, hostile intent attribution, and aggression over the intervention weeks.

Research question 1: Individual-level change
Next, we examined whether we found the expected individual-level changes in 
adaptive anger regulation, hostile intent attribution, and child-and parent-reported 
aggression over the intervention weeks. Fit statistics of the LGMs are reported in 
Table 1. Not all fit statistics supported an adequate fit of our models. Although the 
chi-square ratio was adequate, CFI and RMSEA were not adequate for three out 
of four models. However, none of the modification indices improved the model 
and explained variances were substantial in all models (R2 range .27 to .74). We 
continued with these models, because they provide a good test of our research 
questions and the lower fit is likely caused by the high amount of estimated 
parameters and small sample size (Stull, 2008).

As expected, results showed a significant linear increase in adaptive anger 
regulation, B = 0.04, SE = 0.01, β = .57, p < .001, and a significant linear decrease in 
hostile intent attribution over the intervention weeks, B = -0.02, SE = 0.01, β = -.43, 
p = .021. We also found the expected significant linear decreases in child-reported 
aggression, B = -0.03, SE = 0.01, β = -.51, p = .01, and parent-reported aggression 
over the intervention weeks, B = -0.05, SE = 0.01, β = -.83, p < .001. Descriptively, 
we inspected the percentage of children who changed in the expected direction 
(i.e., a slope factor above or below zero). We found that 72.4% of children increased 
in anger regulation, 64.9% decreased in hostile intent attribution, 71.2% decreased 
in self-reported aggression, and 79.0% decreased in parent-reported aggression. 
Thus, on average and for most children in the YourSkills intervention group, both 
mechanisms and outcomes changed in the expected direction.
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Table 1
Model fit statistics of the individual-level change models and parallel change 
models for both child- and parent-reported aggression.

χ 2 / df CFI RMSEA

Within intervention change

Adaptive anger regulation 1.78 .88 .10

Hostile intent attribution 1.79 .87 .10

Child-reported aggression 1.97 .88 .11

Parent-reported aggression 1.45 .93 .08

Parallel change child-reported aggression

Adaptive anger regulation 1.66 .84 .09

Hostile intent attribution 2.28 .72 .13

Parallel change parent-reported aggression

Adaptive anger regulation 1.58 .83 .09

Hostile intent attribution 1.68 .81 .10

Note. Model fit guidelines: χ2/df < 3, CFI > .90, RMSEA < .10 (Schermelleh-Engel et al., 2003).

Research question 2: Parallel change in mechanisms and outcomes
For child-reported aggression, results supported both anger regulation and hostile 
intent attribution as mechanisms of change. The bivariate LGM revealed that the 
slopes of adaptive anger regulation and child-reported aggression were strongly 
and significantly correlated, r = -.51, p = .018, indicating that children’s increases 
in adaptive anger regulation over the weeks were related to decreases in their 
aggressive behavior. Similarly, the slopes of hostile intent attribution and child-
reported aggression were strongly significantly correlated, r = .73, p = .002. Figure 
1 illustrates these parallel change trajectories, presenting the average change 
trajectory of each variable over the intervention weeks.

For parent-reported aggression, results supported only hostile intent attribution 
as mechanism of change. Our bivariate LGMs revealed that the slope of hostile 
intent attribution was strongly significantly correlated with the slope of parent-
reported aggression, r = .62, p = .006, but not with the slope of adaptive anger 
regulation, r = -.20, p = .357. Thus, decreases in parent-reported aggression were 
related to decreases in children’s hostile intent attribution over the weeks, but not 
to increases in adaptive anger regulation.

5
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Figure 1
Mean-level changes in anger regulation, hostile intent attribution, child-reported 
aggression, and parent-reported aggression over the intervention weeks.

Note. Solid lines represent estimated mean scores at each measurement point. Dotted lines 
show estimated linear trendlines. For illustrative purposes, adaptive anger regulation scores 
were reversed so that lower scores represented less anger regulation problems.

DISCUSSION
The present study extends prior research on child interventions to reduce 
aggressive behavior problems, by investigating anger regulation and hostile 
intent attribution as mechanisms of change. We examined how interventions 
exert their beneficial effects, by providing an empirical test of individual-level 
change mechanisms. Therefore, we used high-frequency measurements of anger 
regulation, hostile intent attribution, and aggression throughout the course of 
treatment allowing us to not only capture group-level change in mechanisms and 
outcomes but also examine change and variability at the individual-level (Kazdin, 
2007; Laurenceau et al., 2007). When modeling individual change across the 
eleven sessions of treatment, we found that children’s adaptive anger regulation 
increased and hostile intent attribution decreased over the intervention weeks. 
Importantly, changes in these mechanisms were strongly associated with child-
reported aggression. For parent-reported aggression, such associations were 
found only for hostile intent attribution. These findings provide support for anger 
regulation and hostile intent attribution as within intervention change mechanisms.

Our high-frequency measurements allowed us to also investigate individual 
variation over the treatment course. We found that within-child variances were 
substantial, highlighting the necessity of an individual-child approach to capture 
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variation in children over the weeks. The high within-child variances were in line 
with the social information processing model (Crick & Dodge, 1996; Lemerise & 
Arsenio, 2000), suggesting that anger regulation and hostile intent attribution are 
indeed situation-dependent fast mental processes, being susceptible to rapid 
changes. The relatively low between-children variances were not surprising, given 
our homogenous sample of boys with aggressive behavior problems. When we 
examined for how many children the intervention mechanisms and outcomes 
changed, we found that the majority of children changed in the expected directions 
(64.9% to 79.0% across mechanisms and outcomes). As not all children did benefit 
from targeting anger regulation and hostile intent attribution, future research might 
investigate whether other change mechanisms need to be targeted in CBT for 
these children, or that more intensive treatment programs are necessary (e.g., 
CBT combined with parent training). Our study showed that it is possible to identify 
the children who do change and who do not change or deteriorate during the 
treatment course. This could help clinicians to decide whether they need to adapt 
their treatment strategy.

Unexpectedly, we found no association between individual changes in child-
reported anger regulation and parent-reported aggression. This could be due 
to a possible informant effect as the correspondence between the reportages 
of parents and children is found to be relatively low (De Los Reyes et al., 2015). 
Alternatively, it could be that some of the children that did not improve in anger 
regulation over the treatment course (27.6% of children remained stable or 
decreased in anger regulation), did reduce in parent-reported aggression. For this 
group it could be that only hostile intent attribution was a working mechanisms of 
change. Future research is needed to investigate the association between anger 
regulation as mechanisms of change for parent-reported aggression.

Our study had its limitations. First, we examined parallel change and can therefore 
not conclude that the mechanisms caused the decreases in aggression. To 
investigate causality, it is necessary to experimentally manipulate the mechanisms, 
for example by comparing children in an intervention group with children in a 
control group for whom the mechanisms were not targeted. Although our 
randomized controlled trial did include a control group, we could not use it for 
the current study because we were unable to conduct the weekly measures 
due to practical limitations in routine care. Since our intervention targeted anger 
regulation and hostile intent attribution, and we found in the trial that children in 
the intervention groups were more likely to reduce in aggression than children 
in the control group (Alsem, van Dijk, et al., 2022), it seems plausible that these 
mechanisms may have a causal effect. Second, our findings cannot be generalized 
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to girls. We included only boys because the intervention was initially developed for 
this group, considering that girls’ development, forms, and outcomes of aggression 
may be different from boys (Underwood, 2002). Future research could examine 
whether girls with aggressive behavior problems benefit equally from changes in 
anger regulation and hostile intent attribution. Third, our sample size was too small 
to allow for the examination of more complex statistical models, such as parallel 
change quadratic growth models. Future research might also examine quadratic 
slopes and by doing so identify the shape of the growth trajectories (Laurenceau 
et al., 2007).

A strength of our study was the high-frequency of the measurements that enabled 
us to examine individual-level change in children’s mechanisms and outcomes 
(Laurenceau et al., 2007). We conducted our intervention study in a naturalistic 
setting by including multiple clinical centers, recruiting children in routine care, and 
examine effects under real-world conditions, promoting external validity. Using 
brief weekly measures in clinical practice is feasible, and these 3-items measures 
were well-validated in a previous study (Alsem, Keulen, et al., 2022). Last, we 
used a multi-informant approach to assess aggressive behavior problems, as the 
correspondence between informants in aggression reports is relatively low (De 
Los Reyes et al., 2015). This way, we could investigate whether child-reported 
changes in anger regulation and hostile intent attribution were also related to 
parent-reported changes in aggression.

The identification of hostile intent attribution and anger regulation as mechanisms 
of change has clinical implications. First, in clinical practice, it is important to 
know whether and how treatment elements work. These elements can be 
used by clinicians deciding which mechanisms to target when deficits in these 
mechanisms are expected to underlie children’s aggressive behavior problems 
(Collins et al., 2004; Kazdin & Nock, 2003). Our present findings suggest that 
anger regulation and hostile intent attribution provide good starting points for the 
majority of children, and frequent measurements may identified the few children 
for whom standard CBT does not influence these mechanisms, or does not change 
aggressive behavior. Second, existing interventions can be optimized by focusing 
on anger regulation and hostile intent attribution, while changing or omitting 
elements with smaller effects (Kraemer et al., 2002). Third, our study with high-
frequency measurements highlights the clinical utility of weekly measures. These 
measures can be a valuable instrument to easily monitor mechanisms of change 
and treatment progress over the course of an intervention. Clinicians and clients 
have been shown to manage to administer these brief measures and use this for 
productive shared decision making during treatment (Campbell & Hemsley, 2009).
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Our findings open directions for future research. First, as we found evidence 
for anger regulation and hostile intent attribution as mechanisms of change in 
interventions for children with aggressive behavior problems, it may be interesting 
to examine these mechanisms in interventions for other problems as well. Anger 
regulation and hostile intent attribution contribute transdiagnostically to diverse 
problems, such as externalizing and internalizing problems, and addressing 
them may thus facilitate parsimony across interventions (Granic, 2014; Kazdin & 
Nock, 2003). Second, it might be interesting to examine the influence of other 
mechanisms of change, such as therapeutic alliance or treatment engagement. 
There is a need to investigate the potential contribution of therapeutic variables 
to child treatment outcomes, preferably with mechanisms measured at multiple 
time points, examining their influence over the course of treatment (Shirk & Karver, 
2003).

In conclusion, we have found support for adaptive anger regulation and hostile 
intent attribution as mechanisms of change for child-reported aggression. For 
parent-reported aggression, results supported only hostile intent attribution as 
mechanism of change. These findings provide evidence for the idea that targeting 
anger regulation and hostile intent attribution in interventions relates to reductions 
in individual children’s aggressive behavior problems. Our study may inspire 
researchers to conduct intervention studies with high-frequency measurements 
to track client progress and to investigate through what mechanisms interventions 
exert their beneficial effects.

5
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APPENDIX A:
Group differences check

As a control analysis, we checked for possible differences in change trajectories 
between children who received the virtual reality versus roleplay version of 
YourSkills groups. Results showed no differences between the two groups in 
slopes of adaptive anger regulation, χ2

wald (1) = 0.01, p = .922, hostile intent 
attribution, χ2

wald (1) = 0.44, p = .510, and child-reported aggression, χ2
wald (1) = 3.82, 

p = .051. However, we did find group differences for parent-reported aggression, 
χ2

wald (1) = 5.69, p = .017. Children in the YourSkills virtual reality group showed a 
linear decrease in parent-reported aggression, B = -.07, SE = 0.01, β = -1.23, p < 
.001, whereas children in the YourSkills roleplay group remained stable, B = -.03, 
SE = 0.01, β = -.55, p = .078. We therefore checked whether our results changed if 
we added group as predictor for the slope factors of the mechanism and outcome 
variables in the models for parent-reported aggression. Results did not change: 
the correlation between slopes remained significant for hostile intent attribution 
and parent-reported aggression, r = .68, p = .006, and nonsignificant for adaptive 
anger regulation and parent-reported aggression, r = -19, p = .457.
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Hostile interpretation as a transdiagnostic 
factor for cooccurring anxiety in children 

with aggressive behavior problems

Alsem, S. C., van Dijk, A., Verhulp, E. E., & de Castro, B. O. Hostile interpretation as a 
transdiagnostic factor for cooccurring anxiety in children with aggressive behavior 

problems. Revision submitted for publication.

Binnenwerk_SophieAlsem_nieuwekleur2.indd   105Binnenwerk_SophieAlsem_nieuwekleur2.indd   105 02/02/2023   22:4602/02/2023   22:46



106  |  chapter 6

ABSTRACT
Many children with aggressive behavior problems also suffer from anxiety. This 
cooccurrence may perhaps be explained by transdiagnostic factors. Identifying 
these factors seems crucial, as they may be important targets to treat these 
cooccurring problems effectively. This two-study paper investigates whether 
children’s hostile interpretation of others’ intentions is a transdiagnostic factor 
for cooccurring aggression and anxiety problems. We assessed children’s 
aggression and anxiety using teacher-report in Study 1 (N = 84, Mage = 10.10), and 
parent-report in Study 2 (N = 115, Mage = 10.55). In both studies, we assessed hostile 
interpretation using vignettes describing ambiguous provocations by peers. Both 
studies revealed a strong association between aggression and anxiety problems, 
underscoring the necessity to examine factors that can explain this cooccurrence. 
However, in neither study was this association reduced when we added hostile 
interpretation to the model, suggesting that hostile interpretation did not function as 
a transdiagnostic factor in our samples. One possible explanation for these findings 
is that hostile interpretation predicts both aggression and anxiety problems, but 
in different children. We therefore encourage scholars to conduct more research 
to explain the high comorbidity of aggression and anxiety problems in children.
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Aggression, anxiety, comorbidity, transdiagnostic factors, children
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INTRODUCTION
Many children who display aggressive behavior problems also suffer from anxiety 
(Boylan et al., 2007; Granic, 2014; Marsee et al., 2008). In children with aggressive 
behavior problems, rates of anxiety disorders range from 22% in community 
samples up to 75% in clinically referred samples (Frick et al., 1999; Zoccolillo, 1992). 
Both aggression and anxiety problems can affect children’s social relations and 
interactions with peers (Prinstein et al., 2005). Until now, little attention has been 
devoted to factors that may be responsible for the high cooccurrence between 
aggression and anxiety problems (McLaughlin et al., 2014). Transdiagnostic 
frameworks aim to identify factors that cut across multiple cooccurring symptoms 
or disorders, such as cognitive, emotional, neurobiological, or environmental 
factors (Aldao & Nolen-Hoeksema, 2012; McLaughlin et al., 2014; Nolen-Hoeksema 
& Watkins, 2011). Identified factors underlying multiple, comorbid problems are 
called transdiagnostic factors. Identifying such transdiagnostic factors seems 
crucial, as they may be important intervention targets to treat cooccurring problems 
effectively. In fact, untreated cooccurring anxiety problems may be one reason 
why current treatments targeting children’s aggressive behavior problems have 
only modest effects (Granic, 2014; Granic et al., 2012; McCart et al., 2006). Possibly, 
children with cooccurring problems may benefit more from one comprehensive 
treatment targeting identified transdiagnostic factors than from separate treatments 
targeting one problem each (Oland & Shaw, 2005). The present study therefore 
took a transdiagnostic approach to explain comorbid aggression and anxiety 
problems in two independent samples of boys in middle childhood (7-13 years old). 
We chose to focus on this population, as comorbidity rates between aggression 
and anxiety are more common in boys than in girls (Marmorstein, 2007; Marsee et 
al., 2008) and the cooccurrence between aggression and anxiety problems has 
been found to be strongest in children until the age of 14 years old (Marmorstein, 
2007).

There is a growing call for transdiagnostic research. Many clinicians and scholars 
are worried about the fragmentation of explanatory frameworks and treatments 
for an ever growing number of highly specific diagnostic labels, such as numerous 
subtypes of aggressive behavior disorders and anxiety disorders (Barlow et 
al., 2004; Chorpita et al., 2005). Many psychological problems in children are 
studied and targeted in isolation, which may not only obscure their cooccurrence 
in children, but may also prevent researchers from identifying transdiagnostic 
factors explaining their cooccurrence. This practice may lead to a cumulation of 
apparently distinct treatment protocols that cannot realistically be combined for 
children suffering from cooccurring problems. Specifically, it seems unattainable 
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for clinicians to incorporate multiple protocols for a single client with comorbid 
conditions. As transdiagnostic frameworks aim to identify factors that are shared 
across multiple cooccurring symptoms or disorders, these frameworks have the 
potential to more parsimoniously advance our understanding of developmental 
psychopathology, and improve treatments for children with cooccurring problems 
(McLaughlin & Nolen-Hoeksema, 2011). Specifically, transdiagnostic treatments 
could be more effective, less time consuming, and might save costs in the long-
term (Lucassen et al., 2015). An integrative, modular intervention method targeting 
comorbid problems showed beneficial effects by outperforming usual care and 
standard evidence-based treatments on multiple clinical outcome measures (Weisz 
et al., 2012). This highlights the importance of taking comorbidity into account and 
assess potential transdiagnostic factors underlying comorbidity.

One likely transdiagnostic factor that may underlie both aggression and anxiety 
problems is children’s hostile interpretation of other children’s behavior (Crick & 
Dodge, 1996). Hostile interpretation reflects the tendency to interpret neutral or 
ambiguous behavior as negative, threatening or conducted with hostile intent (Crick 
& Dodge, 1994). Hostile interpretation is part of the social information processing 
model (Crick & Dodge, 1994; Lemerise & Arsenio, 2000), stating that children’s 
interpretation of social situations influences their related behavior. According to 
this model, children’s hostile interpretations may result in both feelings of anxiety 
and feeling impelled to defend themselves aggressively. Consequently, these 
feelings and behaviors will maintain children’s hostile interpretation as children will 
more frequently evoke problematic social interactions (Granic, 2014). For example, 
when a peer bumps into a child while playing catch, this child may interpret this 
act as hostile or negative (“He wanted to hurt me”), even though the peer could 
have done it by accident or intended to engage in friendly rough play. Such a 
hostile interpretation may elicit feelings of anger (“He did it on purpose, I’ll get 
him!), anxiety (“He did it on purpose… Oh no, he’s after me!”), or both (“I have to 
stand up to him, so he doesn’t see I’m scared”).

There is a host of empirical research supporting the association of hostile or 
negative interpretation with either aggression (Lansford et al., 2010; Lochman 
& Wells, 2002; Verhoef et al., 2019) or anxiety (Bogels & Zigterman, 2000; 
Luebbe et al., 2010; Stuijfzand et al., 2018). Evidence from the separate fields of 
aggression and anxiety research, however, cannot support hostile interpretation as 
a transdiagnostic factor, because it has been assessed as different concepts. For 
aggression, studies have mainly used scenarios describing social interactions with 
peers (e.g., a peer bumping into a child; de Castro & van Dijk, 2017). For anxiety, 
however, interpretation is often assessed as a broader concept, including not 

Binnenwerk_SophieAlsem_nieuwekleur2.indd   108Binnenwerk_SophieAlsem_nieuwekleur2.indd   108 02/02/2023   22:4602/02/2023   22:46



explaining cooccurring anxiety and aggression  |  109

only scenarios with peers but also with adults (e.g., the head teacher is looking 
for you) or non-social threats (e.g., hearing a big crash in the night; Barrett et al., 
1996; Creswell et al., 2014). To examine interpretation as transdiagnostic factor, it 
is important to assess the exact same concept in both aggression and anxiety. In 
the present study, we focused on hostile interpretation of peer behavior because 
children in middle childhood spend much time with peers (Lam et al., 2014), and 
so it seems plausible that a tendency to make hostile interpretations is associated 
to both aggression and anxiety problems.

Whereas research on the association of hostile peer interpretation with aggression 
is abundant (for a meta-analysis, see: Verhoef et al., 2019), research on the 
association with anxiety is scarce. One study has found that anxious children were 
more likely to make hostile interpretations of benign peer interactions than non-
anxious children, but revealed no such difference for ambiguous peer interactions 
(Bell-Dolan, 1995). Another study has found no associations between children’s 
hostile interpretation and their anxiety or fear (Reid et al., 2006). Unexpectedly, this 
study also found no associations between hostile interpretation and aggression, 
which is in contrast to most earlier research (Verhoef et al., 2019). Last, a 
longitudinal study has shown that children’s hostile interpretations in grade 6 were 
not associated with their anxious/depressed and withdrawn behavior one year 
later (Perren et al., 2013). Based on these studies, the support for an association 
between hostile interpretation and anxiety seems limited. However, these three 
studies examined community samples, which may have reduced the variance in 
hostile interpretation, obscuring a potentially relevant association. The present 
study therefore examines hostile interpretation as transdiagnostic factor in a mixed 
community-clinical sample and a full-clinical sample of children with aggressive 
behavior problems.

As a second goal, we examined whether hostile interpretation is a transdiagnostic 
factor for specifically reactive aggression and anxiety. Reactive aggression is 
defined as an emotional, impulsive reaction in response to a perceived provocation 
or threat. In contrast, proactive aggression is seen as planned behavior oriented 
towards instrumental or social gain (Dodge, 1990). These different types of 
aggression have been proposed to have distinct etiologies, with anxiety as a 
precursor of specifically reactive aggression (de Castro et al., 2005; Polman et al., 
2009). Anxious children may more quickly feel threatened and react with defensive 
aggression (Granic, 2014). Indeed, research has shown that reactive aggression is 
related to anxiety and internalizing symptoms, whilst proactive aggression is not 
(Card & Little, 2006; Day et al., 1992; Fung et al., 2015; Kovacs & Devlin, 1998; Vitaro 
et al., 2002; but for an exception see: Tanaka et al., 2010). In line with this idea, 
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hostile interpretation of peer behavior has consistently been linked to reactive 
aggression, and not proactive aggression (Arsenio et al., 2009; Crick & Dodge, 
1996; Dodge & Coie, 1987).

The present study investigated hostile interpretation as transdiagnostic factor for 
cooccurring anxiety problems in two samples of boys with aggressive behavior 
problems. Study 1 used teacher-report to assess children’s aggression and anxiety, 
and Study 2 used parent-report. In both studies, we first investigated if there 
was a significant correlation between aggression and anxiety problems. For 
illustrative purposes, we also calculated percentage of boys displaying clinical 
levels of aggression and anxiety problems. Second, we examined whether 
hostile interpretation predicted both aggression and anxiety problems. When 
hostile interpretation would indeed predict both problems, this would provide 
an indication of the function as transdiagnostic factor. Third, to examine whether 
hostile interpretation may function as a transdiagnostic factor, we tested whether 
the association between children’s aggression and anxiety decreased when we 
entered hostile interpretation as a predictor for both problems. A decrease in the 
association would imply that hostile interpretation (partly) accounts for the overlap 
between aggression and anxiety problems, and would thus provide additional 
indications for hostile interpretation as transdiagnostic factor. Last, we repeated 
these analyses to test whether hostile interpretation was a significant predictor 
and transdiagnostic factor for anxiety and reactive, but not proactive, aggression.

STUDY 1

Method
Participants
We used data from an earlier study (de Castro et al., 2005). The sample consisted 
of 84 boys ages 7 to 13 years (M = 10.10, SD = 17 months). All children were in 
elementary school during the study period. This study increased variance in 
aggression and anxiety by oversampling children with aggressive behavior 
problems. Children were recruited in two elementary schools (n = 30), two schools 
providing special education (n = 30), and two clinical centers in the Netherlands 
(n = 24). Most boys were born in the Netherlands (83.3%). Most parents were 
unemployed or performed manual labor jobs: mothers (70.6%) and fathers (52.6%). 
Parents provided active written consent for participation in this study.
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Procedure
For this study, children were individually interviewed at their school by trained 
graduate students. Sessions lasted between 1 and 1.5 hours and included 
vignettes assessing social information processing steps, intelligence tasks, and a 
questionnaire. Interviews always started with the hostile interpretation assessment. 
Children were assured of the confidentiality of their answers. Teachers were asked 
to fill out questionnaires on paper.

Measures
Aggression and anxiety problems
We assessed children’s aggression and anxiety problems using the Teacher Rating 
Form (TRF; Achenbach & Rescorla, 2001). Teachers rated all 118 items of the TRF on 
a 3-point scale (0 = not true, 1 = somewhat true, 2 = very true or often true). For the 
current study, we used only the aggressive behavior scale (20 items; e.g., ‘screams 
a lot’) and the anxious/depressed scale (16 items; e.g., ‘fearful, anxious’). We used 
norm scores for Dutch children to calculate T-scores to examine the cooccurrence 
of (sub)clinical levels of aggression and anxiety problems, and used summed 
raw scores for all other analyses. The TRF showed good test-retest reliabilities, 
internal consistencies, content validity, criterion-related validity, and content validity 
(Achenbach et al., 2008).

Reactive and proactive aggression
We assessed children’s reactive and proactive aggression using the Dutch 
translation of the Reactive and Proactive Aggression Questionnaire (Dodge & Coie, 
1987; Hendrickx et al., 2003). Teachers rated three items on reactive aggression 
(e.g., ‘when this child has been teased or threatened, he or she gets angry easily 
and strikes back’) and three items on proactive aggression (e.g., ‘his child uses 
physical force in order to dominate other kids’) on a 5-point scale ranging from 
1 (never) to 5 (almost always). Earlier research demonstrated good discriminant, 
convergent and construct validity of the IRPA (Polman et al., 2009). In the current 
study, internal consistency of the scales was adequate for both reactive aggression 
(α = .87) and proactive aggression (α = .90).

Hostile interpretation
We assessed hostile interpretation using four audiotaped vignettes describing 
ambiguous provocation by a peer (de Castro et al., 2005). For the previous study 
purposes, two parallel sets of vignettes were used (i.e., describing different 
provocation situations), which were randomly distributed over participants. No 
difference between the sets in mean scores of hostile interpretation were found, 
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t(76) = -0.36, p = .724, so scores were combined for this study. Children were 
told that they would listen to stories about daily social events and were asked 
to imagine each story was really happening to them. One example vignette is: 
‘Imagine: You and a boy in your class are taking turns at a computer game. Now 
it’s your turn, and you are doing great. You are reaching the highest level, but you 
only have one life left. You never came this far before, so you are trying very hard. 
The boy you are playing with watches the game over your shoulder. He sees how 
far you have come. Then he shouts “Watch out! You got to be fast now!” and he 
pushes a button. But it was the wrong button, and now you have lost the game!’.

Children answered two questions following each vignette. First, they answered one 
open-ended question ‘Why did he [provocative behavior in vignette]?’. Answers 
to this question were coded as benign, accidental, ambiguous, or hostile. Hostile 
codes were scored 1, all other codes were scored 0. The interrater agreement 
was high (i.e., 94%). Second, children answered the question ‘What was the boy’s 
intention?’ on a 5-point rating scale ranging from very nice to very mean. We 
summed the hostile codes and averaged the rating scores across vignettes, and 
created a hostile interpretation scale by taking the standardized average of these 
two scores, which were highly correlated (r = .82). The internal consistency of this 
scale was adequate (α = .77). Previous research showed that these hypothetical 
vignettes had satisfactory inter-rater reliability, as well as good discriminant and 
criterion validity (de Castro, 2000; de Castro et al., 2003; de Castro & Koops, 2005)

Analytical approach
We conducted our analyses using Structural Equation Modeling (SEM) in Mplus 
8. To test our first hypothesis on the cooccurrence of aggression and anxiety, we 
calculated the zero-order correlation between aggression and anxiety (Figure 
1, path a). For illustrative purposes, we also calculated the percentage of boys 
with comorbid clinical levels of aggression and anxiety problems, using the TRF’s 
T-score cut-offs for the ‘subclinical range’ (i.e., T > 65, 93rd percentile). To investigate 
our second hypothesis on hostile interpretation as predictor for both aggression 
and anxiety problems, we tested the significance of both predictive paths (Figure 
1, path b and c). When both predictive paths are significant, this provides a first 
indication of hostile interpretation as transdiagnostic factor. To investigate our 
third hypothesis, whether hostile interpretation functioned as a transdiagnostic 
factor for the cooccurrence, we tested whether the association between children’s 
aggression and anxiety decreased after including hostile interpretation as a 
predictor for both problems. If the association indeed significantly decreased, this 
would imply that hostile interpretation (partly) accounts for the overlap between 
aggression and anxiety problems, and would thus provide additional indications for 

Binnenwerk_SophieAlsem_nieuwekleur2.indd   112Binnenwerk_SophieAlsem_nieuwekleur2.indd   112 02/02/2023   22:4602/02/2023   22:46



explaining cooccurring anxiety and aggression  |  113

hostile interpretation as transdiagnostic factor. To analyze this, we first estimated 
the partial correlation between aggression and anxiety problems (Figure 1, path 
d). We then fixed the zero-order correlation (path a) to the value of the partial 
correlation (path d), and compared these correlations using a chi-square test. Last, 
to test our fourth hypothesis on hostile interpretation as transdiagnostic factor for 
the cooccurrence of anxiety and specifically reactive aggression, we repeated 
these analyses with both reactive and proactive aggression, expecting a significant 
chi-square for the reactive, but not for the proactive model. As earlier research 
showed inflated overlap in reactive and proactive aggression scores measured by 
instruments such as the REPRO (Polman et al., 2007), we ran sensitivity analyses 
for reactive aggression while controlling for proactive aggression, and vice versa. 
We used default settings in Mplus, maximum likelihood (MLR; Muthén & Muthén, 
2007), to estimate missing data (4.3%).

Figure 1
Statistical models used to estimate the cooccurrence of aggression and anxiety 
(left) and to examine hostile interpretation as transdiagnostic factor (right).

Results
Before we analyzed the research questions, we explored the parametric nature 
of the data with scatterplots, boxplots, p-p plots, and the Durbin-Watson test, 
indicating that parametric analyses were warranted.

Cooccurrence of anxiety and aggression
Aggression and anxiety were strongly correlated, r = .47, p < .001 (Table 1). Results 
based on subclinical range cut-offs showed that 18 children (24.0%) scored above 
the cut-off on both aggression and anxiety, 17 children (22.7%) scored above the 
cut-off only on aggression, 8 children (10.7%) scored above the cut-off only on 
anxiety, and 32 children (42.7%) scored in the normal range for both anxiety and 
aggression. Thus, 18 out of 43 children with (sub)clinical problems (41.9%) had 
comorbid aggression and anxiety problems.
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Hostile interpretation as transdiagnostic factor
As expected, results showed that hostile interpretation was a significant predictor 
of both aggression, β = .32, B = 3.89, SE = 1.34, p = .004, R2 = .10, and anxiety, 
β = .27, b = 1.64, SE = 0.69, p = .017, R2 = .07. Next, we investigated whether the 
correlation between aggression and anxiety problems was significantly reduced 
after we entered hostile interpretation as a predictor for both aggression and 
anxiety. We found a small and nonsignificant reduction from r = .48 to r = .44, 
χ2(1) = 0.49, p = .482.

Table 1
Means (M), standard deviations (SD), minimum (Min), maximum (Max) and zero-order 
Pearson correlations of the study variables (N = 84).

M SD Min Max 1 2 3 4 5

1. Hostile interpretation  0.00  0.95 -1.80  1.75 -

2. Aggression 14.32 11.04  0.00 38.00 .34** -

3. Anxiety  6.26  5.83  0.00 26.00 .26* .47** -

4. Reactive aggression  3.07  1.03  1.00  4.67 .30** .68** .29** -

5. Proactive aggression  2.19  1.00  1.00  4.67 .26** .72** .32** .71** -

Note. Missing data on hostile interpretation for 1 child and for TRF aggression and anxiety 
scales for 9 children. Values reported in this table can slightly differ from reported statistics of 
the SEM models, as these models used missing data estimation. Children reported on hostile 
interpretation, whilst teachers reported on all forms of children’s aggression and anxiety.
* p < .05; ** p < .001

Reactive versus proactive aggression
We found similar results for reactive aggression as for general aggression: Hostile 
interpretation was a significant predictor of both reactive aggression, β = .30, 
B = 0.33, SE = 0.11, p = .004, R2 = .09 and anxiety, β = .28, B = 1.73, SE = 0.69, 
p = .012, R2 = .08. We found a small and nonsignificant reduction in the association 
between reactive aggression and anxiety (i.e., from r = .29 to r = .24) after hostile 
interpretation was added, χ2(1) = 0.39, p = .531. When we controlled for proactive 
aggression in these models, the relation between hostile interpretation and 
reactive aggression disappeared (see Appendix A).

For proactive aggression, we did not expect associations with anxiety or hostile 
interpretation. However, results showed that hostile interpretation was a significant 
predictor of both proactive aggression, β = .26, B = 0.27, SE = 0.11, p = .015, R2 = .07 
and anxiety, β = .28, B = 1.73, SE = 0.69, p = .012, R2 = .08. We found a small 
and nonsignificant reduction in the association between proactive aggression 
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and anxiety (i.e., from r = .33 to r = .29) after hostile interpretation was added, 
χ2(1) = 0.27, p = .601. When we controlled for reactive aggression in these models, 
the relation between hostile interpretation and proactive aggression disappeared 
(see Appendix A).

Discussion
Study 1 showed that aggression and anxiety problems were strongly associated 
in children, and that hostile interpretation predicted both problems. However, 
findings provided no evidence for hostile interpretation as transdiagnostic factor 
explaining the cooccurrence of aggression and anxiety. One explanation may be 
that our sample included relatively few children displaying aggression and anxiety 
problems in the clinical range. As earlier research showed stronger associations 
between hostile interpretation and aggression in clinical samples (Verhoef et al., 
2019), we chose to also test the hypotheses regarding hostile interpretation as 
transdiagnostic factor for aggression and anxiety in a clinical sample in Study 2.

Also, we found no evidence for hostile interpretation as transdiagnostic factor for 
specifically reactive aggression and anxiety. However, analyses of the specific 
contributions of reactive and proactive aggression were hindered by the strong 
association between these two types of aggression. This may be due to our 
measure, which tends to confound both types of aggression (Polman et al., 2007), 
which may explain why results for reactive aggression become nonsignificant after 
controlling for proactive aggression, and vice versa. In Study 2, we therefore used 
another measure with clearer discriminant validity (Polman et al., 2009).

STUDY 2

Method
Participants
Participants were 115 Dutch boys between 8 and 13 years old (M = 10.58, SD = 1.44), 
recruited from 15 clinical centers in the Netherlands providing mental health care 
for children with mild problems to serious and complex psychiatric disorders, 
including children with aggressive behavior problems. Therapists working in 
these institutions were asked to approach parents of children whose casefiles 
met the following inclusion criteria: age 8-13 years, aggressive behavior problems, 
intelligence level above 80, no severe autism spectrum disorder, and no epilepsy 
or severe visual or auditory limitations. Most participating children (95.7%) were 
born in the Netherlands. In most families, both biological parents were born in 
the Netherlands (71.3%). In 14.8% of the families only one parent was born in the 
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Netherlands, and in 13.9% both parents were born elsewhere. Parents attained 
middle levels of education (44.4%; ISCED 3-4), high education (39.1%; ISCED 5-8), 
or low education (16.5%; ISCED 0-2; UNESCO, 2012). Participation was voluntary 
and children and parents were assured of confidential use of their data. Parents 
provided written consent for participation in this study; 12- and 13-year old children 
also provided written consent themselves. This study was approved by the Ethics 
Committee of the University Medical Center Utrecht.

Procedure
This study was part of a randomized controlled trial investigating a cognitive 
behavioral treatment for boys with aggressive behavior problems (Alsem, van 
Dijk, et al., 2022). For the current study, we used data from the pre-intervention 
assessment. Assessments were conducted face-to-face, either at the clinical 
institution or at families’ homes. Children were individually interviewed. They 
always completed the hostile interpretation vignettes first to avoid priming 
towards hostility by other questions, for example on their aggressive behavior. The 
interview lasted 20-30 minutes and was conducted by the first author or a research 
assistant. At the same time, parents were also asked to fill out questionnaires. In 
most cases, this was only one parent (75.7%). When both parents filled out the 
questionnaires (n = 20), we used mothers’ report. The analyzed data came from 
71 mothers and 44 fathers2.

Measures
Aggression and anxiety problems
We measured children’s aggression and anxiety problems using the aggressive 
behavior and anxious/depressed scale of the Child Behavior Checklist (CBCL; 
Achenbach & Rescorla, 2001). Parents rated the items on a 3-point scale (0 = not 
true, 1 = somewhat true, 2 = very true or often true). The aggressive behavior scale 
consists of 18 items (e.g., ‘argues a lot’) and the anxious/depressed scale of 13 
items (e.g., ‘fears school’). Similar to Study 1, we used norms for Dutch children to 
calculate T-scores to examine percentages of (sub)clinical levels of aggression 
and anxiety, and calculated sum scores for all other analyses. Earlier research has 
reported good test-retest reliabilities, content validity, criterion-related validity, and 
content validity for the CBCL (Achenbach et al., 2008). In the current study, the 
internal consistency was adequate for both the aggressive behavior (α = .89) and 
the anxious/depressed scale (α = .86).

2 Results were the same when data of these 20 mothers were replaced by data of fathers.
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Reactive and proactive aggression
We measured reactive and proactive aggression using an adapted version of the 
Instrument for Reactive and Proactive Aggression (IRPA; (Polman et al., 2009). 
Parents first rated the frequency of aggression on 7 items (e.g., ‘How often did 
your child hit someone in the past month?’). Different than in the original version 
of the IRPA, parents then rated reactive and proactive motives for all aggression 
items at once, rather than for each aggression item separately. Parents rated 
three items on reactive aggression (e.g., ‘Because he was angry’) and three 
items on proactive aggression (e.g., ‘Because he wanted to dominate others’) 
on a 5-point scale (1 = never, 2 = rarely, 2 = sometimes, 3 = most of the times, 
4 = always). Scores for reactive and proactive aggression were averaged across 
items. Children who scored zero on all aggression items had missing scores on the 
reactive and proactive aggression scales. Previous research has reported good 
discriminant, convergent and construct validity for the IRPA (Polman et al., 2009). 
The internal consistency was adequate for both reactive aggression (α = .73) and 
proactive aggression (α = .69), and the correlation between reactive and proactive 
aggression was small (r = .26, p = .007).

Hostile interpretation
We measured children’s hostile interpretation using two parallel sets of four 
audiotaped vignettes, each describing ambiguous peer provocations (adapted 
from de Castro et al., 2005). This assessment was similar to Study 1, except for 
two changes which were made to be able to compare the pre-intervention to the 
post-intervention assessment in the randomized controlled trial. First, instead of 
a parallel set with different provocation situations, we now used a parallel set 
with the same situations in a different context (e.g., we described the situation 
of losing a game on a tablet instead of on a computer). We counterbalanced the 
order of sets on the pre-and post-intervention assessment across participants. The 
situations used in this study were highly similar to the situations used in Study 1. 
Pre-assessment scores on hostile interpretation used for this study did not differ 
between sets, t(112) = -1.16, p = .251. Second, the open-ended question and 5-point 
rating scale were replaced by two 10-point rating scale questions (i.e., ‘The other 
boy did [provocative behavior other boy]. Did he intend to be mean?’ and ‘Did 
he do this to bother you?’), which children answered on a 10-point scale (1 = not 
at all; 10 = very much). The eight items were averaged to create a single hostile 
interpretation score (α = .89). We did not expect that changing the response format 
influenced children’s scores or study effects, as a recent meta-analysis showed 
similar effect sizes for hypothetical vignettes open and closed questions (Verhoef 
et al., 2019). Previous research demonstrated good discriminant and criterion 
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validity for audiotaped hypothetical vignettes (de Castro, 2000; de Castro et al., 
2003; de Castro & Koops, 2005).

Analytical approach
We investigated the same hypotheses as in Study 1, using the same analytical 
approach. To estimate cooccurrence rates, we used parent-reported CBCL T-score 
cut-offs for the subclinical range (T-score > 64, 93rd percentile). Missing data (1.9%) 
were accounted for by default settings in Mplus.

Results
Before we analyzed the research questions, we explored the parametric nature 
of the data with scatterplots, boxplots, p-p plots, and the Durbin-Watson test, 
indicating that parametric analyses were warranted.

Cooccurrence of anxiety and aggression
To investigate the cooccurrence of aggression and anxiety, we first calculated the 
zero-order correlation between aggression and anxiety problems. As expected, 
these problems were strongly correlated, r = .42, p < .001 (Table 2). Results based 
on subclinical cut-offs showed that 49 children (42.6%) scored above the cut-off 
on both aggression and anxiety, 39 children (33.9%) scored above the cut-off only 
on aggression, 6 children (5.2%) scored above the cut-off only on anxiety, and 21 
children (18.3%) scored in the normal range for both aggression and anxiety. Thus, 
49 out of 94 children with (sub)clinical problems (41.5%) had comorbid aggression 
and anxiety problems.

Table 2
Means (M), standard deviations (SD), minimum (Min), maximum (Max), and Pearson 
correlations of the study variables (N = 115).

M SD Min Max 1 2 3 4 5

1. Hostile interpretation  4.26 2.31 1.00  9.88 -

2. Aggression 17.26 7.01 3.00 34.00 -.05 -

3. Anxiety  7.97 5.24 0.00 24.00 -.05 .42** -

4. Reactive aggression  3.45 0.93 1.00  5.00 .23* .41** .16 -

5. Proactive aggression  2.23 0.91 1.00  4.67 -.03 .52** .17 .26** -

Note. Missing data on hostile interpretation for 1 child and for reactive and proactive aggression 
for 5 children. Values reported in this table can slightly differ from reported statistics of the 
SEM models, as these models used missing data estimation. Children reported on hostile 
interpretation, whilst parents reported on all forms of children’s aggression and anxiety.
* p < .05; ** p < .001
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Hostile interpretation as transdiagnostic factor
Unexpectedly, results showed that hostile interpretation did not predict aggression, 
β = -.05, B = -0.16, SE = 0.29, p = .570, R2 < .01, or anxiety, β = -.04, B = -0.10, 
SE = 0.21, p = .637, R2 < .01. Next, we investigated whether the correlation between 
aggression and anxiety problems was significantly reduced when we entered 
hostile interpretation as a predictor for aggression and anxiety. This was not the 
case: the correlation remained the same (r = .42) after hostile interpretation was 
added to the model, χ2(1) < 0.01, p = .981.

Reactive versus proactive aggression
Hostile interpretation was a significant predictor of reactive aggression, β = .24, 
B = 0.10, SE = 0.04, p = .012, R2 = .06, but not of anxiety, β = -.05, B = -0.11, SE = 0.21, 
p = .620, R2 < .01. We found that the correlation between reactive aggression and 
anxiety did not change significantly, with r = .15 before, and r = .17 after hostile 
interpretation was added, χ2(1) < 0.01, p = .940.

For proactive aggression, we did not expect associations with either anxiety or 
hostile interpretation. Indeed, results showed that hostile interpretation did not 
predict proactive aggression, β = -.03, B = -0.01, SE = 0.04, p = .786, R2 < .01, or 
anxiety, β = -.05, B = -0.10, SE = 0.21, p = .633, R2 < .01. The correlation between 
proactive aggression and anxiety remained r = .17 after hostile interpretation was 
added, χ2(1) < 0.01, p = .993.

Discussion
Findings from our Study 2 clinical sample replicated Study 1, in that the 
cooccurrence of aggression and anxiety problems was high. In this Study, however, 
hostile interpretation did not predict aggression or anxiety, although it did predict 
reactive aggression. We again found no evidence for hostile interpretation as 
transdiagnostic factor.

GENERAL DISCUSSION
This study is the first to examine hostile interpretation as transdiagnostic factor 
for cooccurring anxiety in children with aggressive behavior problems. We used a 
multi-informant approach and tested our hypotheses in two independent samples. 
In both studies, we found strong associations between aggression and anxiety 
problems. Comorbidity rates of (sub)clinical aggression and anxiety problems were 
substantial in both studies (i.e., 42%), which is in line with previous studies (Frick et 
al., 1999; Zoccolillo, 1992). This high level of comorbidity underscores the necessity 
to investigate transdiagnostic factors.

6

Binnenwerk_SophieAlsem_nieuwekleur2.indd   119Binnenwerk_SophieAlsem_nieuwekleur2.indd   119 02/02/2023   22:4602/02/2023   22:46



120  |  chapter 6

We found no support for hostile interpretation as transdiagnostic factor for the 
cooccurrence of aggression and anxiety problems. As expected, Study 1 showed 
that hostile interpretation predicted both aggression and anxiety. However, it did 
not reduce the association between these problems. One explanation for these 
findings may be that hostile interpretation, anxiety, and aggression may have a 
different temporal sequence than we supposed. Instead of hostile interpretation 
leading to both aggression and anxiety, it may be that both hostile interpretation 
and anxiety precede, and act as risk factors for, the development of aggression 
in children (Granic, 2014). Alternatively, hostile interpretation may predict both 
aggression and anxiety but in different children—that is, children may follow 
divergent developmental trajectories (Nolen-Hoeksema & Watkins, 2011). Some 
children high on hostile interpretation may develop anxiety problems, whereas 
others may develop aggressive behavior problems—possibly because of different 
underlying social problems or temperamental vulnerabilities (Rydell et al., 2003). 
Longitudinal research is needed to examine the temporal order and possible 
developmental trajectories in children’s aggression and anxiety problems (Granic, 
2014).

Study 2, unexpectedly, showed no associations between hostile interpretation 
and aggression or anxiety problems. This is in contrast with the findings of Study 
1 and earlier studies (e.g., Creswell et al., 2005; Verhoef et al., 2019). A reason 
for this discrepancy might be that the clinical sample in Study 2 yielded only 
limited variation in aggression (i.e., SD = 7.01 versus 11.04 in Study 1), restraining the 
potential explanatory power of independent variables such as hostile interpretation 
(Field, 2017). Most earlier studies examined transdiagnostic factors in much larger 
samples (i.e., Ns > 400), or, as our Study 1, in samples with both clinical and non-
clinical participants (e.g., Brenning et al., 2021; Heleniak et al., 2016; McLaughlin et 
al., 2014), enhancing the amount of variance to explain. To explore if using clinical-
only samples indeed reduces variance, we reanalyzed our Study 1 data for only 
the subset of children recruited from special education and clinical centers (n = 54; 
see Appendix B). In line with our reasoning, we found substantial reductions in the 
expected correlations of hostile interpretation with aggression (i.e., from r = .34 
to r = .12) and anxiety (i.e., r = .26 to r = .12). This suggests that future research on 
transdiagnostic factors may best recruit samples of children with both clinical and 
non-clinical levels of problem behavior.

In both studies, hostile interpretation predicted reactive aggression. This finding is 
in line with the definition of reactive aggression, which is described as aggressive 
behavior in response to a perceived threat or provocation (Dodge, 1990). Besides 
theoretical reasoning, also empirical evidence consistently showed a relation 
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between hostile interpretation and reactive aggression (Verhoef et al., 2019). It 
is interesting though, that hostile interpretation did not predict the frequency of 
children’s aggressive behavior in Study 2. This finding may suggest that boys low 
on hostile interpretation still engaged in aggression, but for other motives than we 
assessed (de Castro et al., 2012). In clinical samples where levels of aggression 
are high, it may be especially important to zoom in on children’s motives for their 
aggression, providing tailored inroads for intervention.

Our study findings warrant further reflection on the role of hostile interpretation. 
Study 1 revealed that hostile interpretation predicted both anxiety and aggression, 
but did not explain their cooccurrence, suggesting that our hostile interpretation 
assessment may have tapped different aspects of interpretation in children with 
anxiety versus aggression. Perhaps not only the interpretation of hostility, but 
also other interpretations may affect how children feel and behave in a certain 
situation (Frijda, 1988). For instance, the same interpretation that a peer acted by 
hostile intent may enhance feelings of fear or anxiety when children are uncertain 
about their ability to handle the situation, but may enhance feelings of anger when 
children feel certain that they can influence the situation. Our assessment may 
have tapped only one expression of hostile interpretation in each child, whereas 
in practice, the same child may express both, depending on the situation or his 
internal state (de Castro & van Dijk, 2017). If future research would support this 
hypothesis, this may imply that it is still relevant to target hostile interpretation 
in treatments for both aggression and anxiety, along with additional aspects of 
interpretation, such as the perceived controllability of social situations.

The present study had several strengths. First, we conducted thorough 
transdiagnostic analyses: we did not only investigate whether hostile interpretation 
predicted both aggression and anxiety problems but also tested whether the 
cooccurrence between these problems decreased due to this supposed 
transdiagnostic factor. Second, we tested our hypotheses across informants by 
examining both teacher- and parent-reports of children’s problem behavior. As 
anxiety and aggression can be context-dependent (De Los Reyes et al., 2015), 
such cross-informant research is important. Third, we used a two-study approach, 
which enabled us to overcome methodological limitations of the first study in the 
second study.

This research also had several limitations. First, as we used cross-sectional data to 
examine a predictor of aggression and anxiety problems in children, we could not 
conclude anything about directions or causality. Future research could build upon 
our findings and adapt a longitudinal or experimental research to analyze hostile 
interpretation as transdiagnostic factor. Second, we used hypothetical vignettes to 
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assess hostile interpretation, which might not be the most valid way to assess this 
construct. Hostile interpretation is an automatic and emotional process. Indeed, 
research has shown that hostile interpretation assessed in emotionally engaging 
situations predicts real-life aggression better than vignettes (Verhoef, van Dijk, et 
al., 2021). Future research may use more engaging methods such as virtual reality 
environments to assess hostile interpretation (Verhoef, Verhulp, et al., 2021). Third, 
we asked teachers and parents to report about children’s anxiety problems, but did 
not include child report which might have resulted in the under- or overestimation 
of anxiety problems. As anxiety can be covert in nature, other informants might 
not be aware of these problems or over-report them if they are very attuned to 
their child’s anxiety (Barbosa et al., 2002; Merrell et al., 2002). Fourth, aggression 
and anxiety problems measured in both studies were assessed by the same 
reporter, which may have artificially inflated associations due to shared method 
variance. Although the correlation we found between anxiety and aggression 
was of similar magnitude as in studies using multiple informants (Marsee et al., 
2008), future researchers should consider the use of multiple informants to 
prevent the possibility of single-informant inflation. Fifth, we measured anxiety by 
the anxiety/depression scale, which might have influenced our results. Although 
hostile interpretation seems similarly related to depressive symptoms (Quiggle et 
al., 1992), future research could examine hostile interpretation as transdiagnostic 
factor specifically for anxiety or depression, and aggression. Sixth, only boys from 
middle childhood were included in both studies and findings can thus not be 
generalized to girls. We chose to focus on a relatively homogenous sample of boys 
from 7-13 years as comorbidity rates between aggression and anxiety are highest 
in this population (Marmorstein, 2007; Marsee et al., 2008). Future research could 
examine whether hostile interpretation is a predictor and transdiagnostic factor for 
the cooccurrence of aggression and anxiety problems in other populations. Last, 
we tried to explain the cooccurrence between aggression and anxiety by focusing 
on only one potential transdiagnostic factor, whilst we know that other factors such 
as emotion regulation, parenting practices, peer victimization or environmental 
stressors might also explain the cooccurrence of aggression and anxiety (Granic, 
2014). Future research could examine whether other factors can account for the 
cooccurrence between aggression and anxiety in children.

In conclusion, we have found that many children with aggressive behavior problems 
also displayed comorbid anxiety problems, indicating that it is important to take 
this cooccurrence into account in current interventions for children with aggressive 
behavior problems. Hostile interpretation could not explain this cooccurrence 
as transdiagnostic factor, but did predict children’s reactive aggression in both 
studies, and anxiety in study 1. This suggests that hostile interpretation may 
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be a relevant target for the treatment of children with cooccurring aggression 
and anxiety problems—although our findings do underscore the need for more 
research into the precise interpretation processes underlying these cooccurring 
problems. We hope that our study may inspire researchers to conduct further 
research to explain the high comorbidity of aggression and anxiety problems in 
children.
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APPENDIX A
As earlier research showed high overlap in reactive and proactive aggression 
scores measured by instruments such as the REPRO (Polman et al., 2007), we aimed 
to account for this by repeating the Study 1 analyses on reactive and proactive 
aggression, this time controlling for the other type of aggression. Specifically, we 
added proactive aggression as predictor for reactive aggression to the model and 
vice versa. Findings for reactive aggression, which was first significantly predicted 
by hostile interpretation, became non-significant as a consequence:

In the reactive aggression model, results showed that hostile interpretation was a 
significant predictor of anxiety, β = .28, B = 1.75, SE = 0.69, p = .011, R2 = .08, but—
in contrast to our main analyses—not for reactive aggression, β = .13, B = 0.14, 
SE = 0.09, p = .097, R2 = .01, when we controlled for proactive aggression, β = .67, 
B = 0.69, SE = 0.08, p < .001, R2 = .50. As in our main analyses, we found a small 
and nonsignificant reduction from r = .09 to r = .07 when hostile interpretation was 
added, χ2(1) = 0.07, p = .789.

For proactive aggression, results were the same as for our main analyses. We found 
that hostile interpretation was a significant predictor of anxiety, β = .28, B = 1.75, 
SE = 0.69, p = .011, R2 = .08, but not for proactive aggression, β = .05, B = 0.05, 
SE = 0.09, p = .558, R2 < .01, when we controlled for reactive aggression, β = .69, 
B = 0.68, SE = 0.08, p < .001, R2 = .50. We found no change in the correlation 
between anxiety and aggression problems, which remained r = .16 when hostile 
interpretation was added, χ2(1) = 0.01, p = .926.
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APPENDIX B
Previous studies showed stronger associations between hostile interpretation 
and problem behavior in samples with both typically developing children and 
clinically-referred children (Verhoef et al., 2019). As our Study 1 included such as 
sample, but Study 2 included a restricted range of only clinically-referred children, 
we were wondering whether this difference could explain our contrasting study 
findings. To explore whether using a clinical-only sample indeed reduced variance 
in aggression and anxiety, we reanalyzed our Study 1 data. We therefore excluded 
children recruited in primary education (n = 30) and analyzed the subset of children 
recruited from special education and clinical centers (n = 54). In the original 
analyses with all children (n = 84), hostile interpretation was significantly associated 
with aggression (r = .34, p = .004) and anxiety (r = .26, p = .023). For the clinical-only 
sample, correlations decreased and hostile interpretation was no longer associated 
with aggression (r = .12, p = .428) and anxiety (r = .12, p = .421). This provides support 
to our hypothesis that hostile interpretation is more strongly related to problem 
behavior in samples with both typically developing and clinically-referred children 
than within a clinical sample with a restricted range.
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AIMS
The general aim of this dissertation was to enhance and better understand 
treatment effects for children with aggressive behavior problems. Aggressive 
behavior problems in school-aged children are of high concern, given the high 
prevalence and risk for continuing problems and adverse outcomes later in life 
(Girard et al., 2019; Loeber & Farrington, 2000; Merikangas et al., 2009). Intervention 
programs therefore target these problems as they arise in childhood (Lochman & 
Matthys, 2017). The most effective interventions for aggressive behavior problems 
in middle childhood are parent training programs and cognitive behavioral therapy 
(CBT; Kaminski & Claussen, 2017; Litschge et al., 2010). However, so far treatment 
effects on aggressive behavior problems are modest and do not benefit all children 
(Bennett & Gibbons, 2000; McCart et al., 2006). Seeking to enhance treatment 
effects for CBT, the present dissertation focused on two overarching aims. The first 
aim was to examine whether treatment effects of CBT for children with aggressive 
behavior problems can be enhanced using virtual reality. The second aim was to 
increase our understanding of potential treatment mechanisms, where we focused 
on anger regulation and hostile intent attribution.

SUMMARY OF FINDINGS

Aim 1: Enhancing treatment effects using virtual reality
Current CBTs for children with aggressive behavior problem often make use of 
roleplays (Menting et al., 2015), so that children can practice with solving real-
life social problems whilst cognitions and emotions are actively challenged (de 
Mooij et al., 2020; Landenberger & Lipsey, 2005). However, roleplays can be less 
involving and limited by children’s lack of motivation or abilities in perspective 
taking and imagination (Hadley et al., 2019; Park et al., 2011). This dissertation was 
the first to investigate interactive virtual reality as alternative practice method 
in CBT for children with aggressive behavior problems. Interactive virtual reality 
offers a realistic and engaging environment for children to practice in during 
treatment (Lindner, 2021). Children can walk around freely, interact, talk, and play 
with virtual peers and adults in various situations. Virtual reality may have three 
important benefits to optimize treatment effectiveness: 1) it provides an involving 
and immersive environment to practice in; 2) it may enhance treatment motivation; 
and 3) it allows for individually tailored exercises. Given the potential advantages 
of using virtual reality, we developed the individual CBT ‘YourSkills’ with interactive 
virtual reality for children with aggressive behavior problems. Children practiced 
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emotion regulation and social information processing skills in virtual reality to 
decrease their aggressive behavior.

Chapter 2 presented a small-scale feasibility study, that for the first time 
implemented interactive virtual reality in a new intervention ‘YourSkills’ for boys 
with aggressive behavior problems. The aim of this study was to describe the 
content, appreciation, and feasibility of virtual reality as new treatment approach 
for children with aggressive behavior problems. Results were promising: therapists 
indicated that providing the treatment and working with the virtual reality 
equipment was feasible. They were able to complete the sessions, deliver the 
recommended amount of practice time in virtual reality, and they experienced 
few technical issues. Children highly appreciated the treatment, which was also 
recognized by therapists, who indicated that children actively participated in the 
virtual environment. The exploration of changes in aggression indicated that 
parents reported decreases in children’s aggressive problem behavior. However, 
children reported low levels of aggression at pretest that did not decrease. Taken 
together, our feasibility study showed that using interactive virtual reality in CBT 
is feasible and appealing to boys and therapists and has the potential to reduce 
aggressive behavior.

These findings suggested enough promise to conduct a larger study to determine 
whether virtual reality actually enhances CBT—that is, whether CBT with interactive 
virtual reality is more effective than the same CBT without virtual reality. As no 
earlier studies compared CBT with virtual reality to CBT with roleplays (Hadley et 
al., 2019), a three-armed design was needed to investigate the added value of 
virtual reality compared to an identical intervention without virtual reality and to 
care as usual (Lindner, 2021). In Chapter 3, we compared these three conditions in 
a multicenter randomized controlled trial. We designed two versions of YourSkills 
with identical content, but with different practice modes: one using virtual reality 
and one using roleplay. Results showed that CBT with virtual reality was more likely 
to reduce aggressive behavior than care-as-usual. The same pattern of results was 
found when we compared both CBT groups (i.e., virtual reality and roleplays) to 
care-as-usual. When we directly compared virtual reality versus roleplays, results 
moderately favored virtual reality on four of seven aggression measures. Virtual 
reality clearly outperformed roleplays on other aspects: it was very likely that boys 
were more emotionally engaged and immersed during virtual reality practice than 
in roleplays. It was also more likely that boys appreciated virtual reality more and 
perceived this method as more effective than roleplays.

Together, the two studies in the first part of this dissertation showed that interactive 
virtual reality is a feasible and promising tool to enhance children’s motivation 
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during treatment and to increase the effectiveness of CBT in clinical practice for 
boys with aggressive behavior problems.

Aim 2: Understanding treatment mechanisms
A next step towards the optimalization of interventions, was increasing our 
understanding of treatment mechanisms. So far, only few studies have investigated 
the mechanisms through which interventions exert their beneficial effects (Kazdin, 
2009; Lochman & Matthys, 2017). When aiming to identify treatment mechanisms, 
we want to know whether changes in a potential mechanism within a child are 
related to changes in treatment outcomes in that particular child. Therefore, this 
dissertation took a within-person individual approach to investigate two frequently 
targeted treatment mechanisms: anger regulation and hostile intent attribution 
(Bookhout et al., 2017; Chorpita & Daleiden, 2009).

In Chapter 4, we investigated a sample of school-aged children and examined 
within-person covariation in adaptive anger regulation, hostile intent attribution, 
and children’s aggression over a 4-week period. We first developed brief weekly 
report measures to assess adaptive anger regulation, hostile intent attribution, 
and aggression, which demonstrated adequate psychometric qualities. Results 
revealed within-person associations: weekly changes in adaptive anger regulation 
and hostile intent attribution covaried with changes in children’s aggression. Similar 
patterns were found at the between-person level: children who reported lower 
levels of adaptive anger regulation and higher levels of hostile intent attribution 
than others, reported more aggression than others over the four weeks. In sum, 
this study was the first to replicate findings from earlier between-person analyses 
at the within-person level by showing evidence of spontaneous covarying change 
over a 4-week period.

Subsequently, we took the next step in Chapter 5 by examining anger regulation 
and hostile intent attribution as mechanisms of change in the YourSkills 
intervention. This intervention study allowed us to see whether changes in 
the assumed mechanisms indeed predicted decreases in individual children’s 
aggression over the treatment weeks (Kazdin, 2009). We included a subsample 
of the Chapter 3 study by only including boys who were randomized to the two 
YourSkills conditions, as this intervention targeted anger regulation and hostile 
intent attribution. We used our newly developed weekly report measures (Chapter 
4), which provided an easy and valid tool to examine individual change across 
the eleven sessions of treatment. Results showed that children’s adaptive anger 
regulation increased and hostile intent attribution decreased over the intervention 
weeks. Importantly, changes in these mechanisms were strongly associated with 
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child-reported aggression. For parent-reported aggression, results supported only 
hostile intent attribution as mechanism of change. In sum, results of Chapter 4 and 
5 provide evidence for the idea that targeting anger regulation and hostile intent 
attribution in interventions relates to reductions in individual children’s aggressive 
behavior problems.

As we found evidence for hostile intent attribution as mechanism of change for 
children’s aggressive behavior problems, we broadened our perspective and 
investigated whether this mechanism might account for other problems of children 
as well (Granic, 2014; Kazdin & Nock, 2003). Specifically, we wondered whether 
hostile intent attribution could serve as a transdiagnostic factor, indicating that 
one mechanism in a child accounts for multiple problems that a child experiences. 
Identifying transdiagnostic factors seems crucial, as they may be important 
intervention targets to treat cooccurring problems effectively (Oland & Shaw, 
2005). We focused on the cooccurrence of aggressive behavior problems with 
anxiety, as these comorbidity rates are high in school-aged children (Levy et al., 
2007; Marmorstein, 2007).

Chapter 6 describes two studies that examined hostile interpretation as 
transdiagnostic factor for cooccurring anxiety in children with aggressive behavior 
problems. In both studies, we found substantial comorbidity rates of (sub)clinical 
aggression and anxiety problems (i.e., 42%), underscoring the necessity to 
investigate transdiagnostic factors. Results showed limited support for hostile 
interpretation as transdiagnostic factor for the cooccurrence of aggression 
and anxiety problems. A possible explanation for these findings is that hostile 
interpretation may predict both aggression and anxiety problems, but in different 
children. Hence, it is still unclear whether hostile interpretation may function as 
transdiagnostic factor.

SCIENTIFIC IMPLICATIONS
Taken together, this dissertation has found evidence for interactive virtual reality as 
an effective and feasible treatment method for children with aggressive behavior 
problems and has identified anger regulation and hostile intent attribution as 
within-person treatment mechanisms. With interactive virtual reality as new practice 
method in CBT, an important step has been taken to enhance treatment effects 
for children. Our research showed that providing children with an interactive, real-
life environment, yields improvements of treatment outcomes as well as higher 
levels of children’s treatment appreciation, emotional engagement and immersion. 
This opens up a broad variety of opportunities to use and study virtual reality 
in treatments for children with other problems. For instance, researchers could 
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investigate whether virtual reality can be used to let children with autism practice 
social skills (Ke et al., 2020), to expose children with social anxiety to different 
situations with peers, or to teach children how to behave when peers are being 
bullied. A great advantage of virtual reality in these examples is that therapists can 
use virtual reality in a flexible way and easily adapt exercises to children’s specific 
needs and problems.

When investigating virtual reality as new method in interventions, some 
considerations require attention. First, when developing an intervention with virtual 
reality it is important to carefully think about how and why this treatment might 
benefit from virtual reality. Over the past years there is a trend in interest in virtual 
reality in both science and clinical practice (Lindner, 2021), which comes with the 
risk of implementing this method in interventions that are not suited for it, or may 
not benefit from it. As virtual reality is a costly tool, integration in interventions 
should be based upon careful theoretical and practical reasoning. Given the 
attractiveness of virtual reality, there seems to be a risk for the development 
of ineffective – or even iatrogenic – virtual reality interventions that do not 
contain evidence-based and developmentally appropriate treatment elements 
(Halldorsson et al., 2021). Second, to be able to examine the effectiveness of virtual 
reality as treatment method, it is essential to conduct multi-armed trials that directly 
compare virtual reality to the same intervention using another method, such as 
roleplays (Lindner, 2021). This evidence is needed to establish the added value 
of virtual reality compared to less costly tools. Third, an important consideration 
when aiming to implement virtual reality in treatments is to weigh the costs and 
benefits of different types of virtual reality. For instance, interactive virtual reality, 
used in this dissertation, provides a dynamic environment allowing for real-time 
interactions in the virtual world, such as talking and playing games with virtual 
peers. This makes it highly involving and adaptable, but also costly. In comparison, 
360 degrees virtual reality offers a more simple static immersive video or photo 
environment that can be viewed from all possible angles. This may not suffice when 
actual responses to child behavior in the virtual environment are required – as is 
the case when we want to reinforce client behavior, or when we want a client to 
experience that different behaviors evoke different responses form peers. But it 
may suffice when only exposure to a social stimulus is required, such as in specific 
phobias. Although interactive virtual reality offers more practice possibilities, it 
comes with higher costs and with more equipment and preparation, and should 
thus only be implemented when the added value is clear.

A theoretical implication of this dissertation is that our findings align with the 
dual-mode social information processing model (Verhoef et al., 2022). We found 
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that children practicing in virtual reality were more emotionally engaged and 
immersed than children practicing in traditional roleplays (Chapter 3). This fits with 
the dual-mode model proposing that children with aggressive behavior problems 
process social information in either the automatic mode (i.e., fast, emotion-driven 
aggression) or the reflective mode (i.e., slow, deliberately selected aggression). 
Based on this model, interventions may be most effective when children’s social 
information processing patterns are targeted in the mode that is also active when 
they are emotionally triggered in daily life. Virtual reality may trigger the automatic 
mode more so than roleplays, as children practice in realistic environments and 
do not have to rely on their memory or imagination (Park et al., 2011), which would 
trigger the reflective mode.

This dissertations might also inspire other researchers to adopt a within-person 
approach with high-frequency measurements to investigate treatment mechanisms. 
We showed that anger regulation and hostile intent attribution covaried with 
aggression over weeks, and that weekly improvements in these mechanisms 
were associated with decreases in aggression over the 11-weeks treatment period 
(Chapter 4-5). These findings show that our treatment mechanisms and outcomes 
fluctuated together over a relatively short time period, rather than over months or 
years as often is assumed in longitudinal research. This highlights the importance 
of adequate timing of assessments in research. That is, deciding whether to 
measure a construct on a daily, weekly or monthly basis should be based upon 
theory and prior work of the expected mechanisms of change (Laurenceau et 
al., 2007). Subsequently, measures should be used that are validated over the 
predefined period and are thus sensitive to capture these (short-term) changes 
(Lischetzke, 2014).

STRENGTHS AND LIMITATIONS
A strength of this dissertation is that we conducted a randomized controlled trial in 
a naturalistic setting, by implementing and investigating YourSkills in routine care 
in clinical centers (Chapter 3). This way, we were able to examine effectiveness 
rather than efficacy (Flay et al., 2005). In efficacy trials the beneficial effects of 
interventions are tested under optimal conditions, whilst in effectiveness trials, as 
conducted in this dissertation, these effects are tested under real-word conditions 
(Flay et al., 2005). A great advantage of effectiveness trials is that the naturalistic 
conditions highly promote external validity of the findings, and heighten the 
chances of effective implementation. Recruiting children in clinical centers also 
allowed us to focus on difficult-to-reach and often understudied children who were 
clinically referred for their aggressive behavior problems (Chapters 2, 3, 5 and 6).
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This dissertation was the first to implement interactive virtual reality in interventions 
for children with aggressive behavior problems and to compare this new method 
with traditional roleplays and care-as-usual. In addition, we extended current 
knowledge about anger regulation and hostile intent attribution as treatment 
mechanisms for children’s aggressive behavior problems. By adapting a within-
person approach with high-frequency measurements, we were able to examine 
intra-individual change in children’s mechanisms and outcomes (Laurenceau et al., 
2007). Further, we used a multi-informant approach to assess aggressive behavior 
problems by using parent-, teacher-, and self-reports. This enabled us to obtain 
a comprehensive picture of children’s behavior, which is important as aggression 
is context-dependent and correspondence between informants is relatively low 
(De Los Reyes et al., 2015).

The research in this dissertation also has its limitations. First, in most studies only 
boys were included, and findings can thus not be generalized to girls. We chose to 
focus on a relatively homogenous samples of boys, as aggression in girls in middle 
childhood is less common and its development, forms, and outcomes may be 
different from boys (Berkout et al., 2011; Fontaine et al., 2009; Underwood, 2002). 
Also, it has been argued that especially boys’ aggression results from our studied 
mechanisms of change: reactions to negative emotions and responses in hostile 
social situations (Berkout et al., 2011). Future research should examine whether 
girls with aggressive behavior problems benefit equally from adding virtual reality 
to interventions and targeting the same mechanisms of change as studied in this 
dissertation.

Second, our research into treatment mechanisms for children’s aggression was 
not suited to establish causality. Our findings were based on repeated measures 
(Chapters 4-5) and cross-sectional data (Chapter 6), allowing us to examine 
intra-individual changes in children but not to investigate causality. To do so, it 
is necessary to experimentally manipulate treatment mechanisms, for example 
by conducting a microtrial or longitudinal experiment (e.g., an intervention study 
with control group). Microtrials offer the unique opportunity to examine effects of 
specific treatment elements, such as anger regulation and hostile intent attribution, 
and can distinguish between less and more efficacious approaches to incorporate 
these elements in interventions (Leijten et al., 2015). Also, microtrials allow to 
directly test whether treatment mechanisms are dependent upon individual child 
characteristics and reveal which children benefit most from which (combination 
of) treatment elements (Leijten et al., 2015). Thus, although our findings on anger 
regulation and hostile intent attribution as mechanisms of change are promising, 
more research is needed to assess the causal influence on children’s aggression.
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Third, we assessed anger regulation, hostile intent attribution, and aggression 
by using questionnaires and vignettes, but these methods may lack ecologically 
validity. In questionnaires, children need to retrospectively reflect on their behavior 
in the past month or week, which may be difficult to remember, or children may 
answer in a socially desirable way. In vignettes, children are asked to image that 
a hypothetical social event is happing to them and then reflect on the other’s 
intentions in that situation. However, hostile intent attributions are often only 
triggered when children experience strong emotions, such as anger or frustration 
(Anderson & Bushman, 2002; Lemerise & Arsenio, 2000), and so children’s 
responses to vignettes may not accurately reflect their real-life attributions. To 
overcome these limitations, new assessment methods are needed that are able 
to capture children’s processing and behavior in emotionally engaging situations 
in daily life. Interactive virtual reality might offer an unique opportunity to do so, 
as real-life social situations can be simulated and emotions can be triggered 
(Verhoef, van Dijk, et al., 2021). Recently, research has shown that hostile intent 
attribution assessed in standardized virtual reality situations indeed predicted 
real-life aggression better than vignettes did (Verhoef, Verhulp, et al., 2021). Thus, 
interactive virtual reality may provide a viable solution for the lack of ecological 
validity in current assessment methods for anger regulation, hostile intent 
attribution, and aggression.

RESEARCH DIRECTIONS
The findings from this dissertation provide novel insights into the enhancement of 
treatment effects in interventions for children’s aggressive behavior problems, but 
at the same time raise new research questions and directions. A first avenue for 
future research might be to investigate long-term effectiveness of virtual reality in 
interventions for children with aggressive behavior problems. This seems crucial 
as the ultimate purpose of interventions is to reduce children’s problems and risks 
in the long run. Earlier meta-analyses have shown that long-term follow-up effects 
can be maintained or become even larger after the intervention ends (Bennett & 
Gibbons, 2000; McCart et al., 2006). This might imply that children need time to 
practice and generalize their new cognitions and skills in daily life. Alternatively, 
it could be that treatment effects fade-out after the intervention, as children may 
slowly forget the learned skills and fall back in previous negative interaction 
patterns (van Aar et al., 2017). More research is needed to disentangle this issue.

Second, the first results on the effectiveness for CBT with virtual reality for children 
with aggressive behavior problems are promising, but also need replication. 
Conducting replication studies is a useful way to increase certainty in findings 
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(Open Science Collaboration, 2015). Especially for clinical research, it is relevant to 
get insight in the certainty of findings, as clinicians need to outweigh whether or not 
to use a treatment in daily practice. We have taken a first step in providing clinicians 
with an indication of the certainty of our results, by using Bayesian statistics 
(Chapter 3) and reporting our findings in terms of likelihood. By doing so, clinicians 
can quantify the amount of support for the effectiveness of YourSkills (e.g., it was 
at least 187 times more likely that YourSkills outperformed care-as-usual than not) 
instead of having to make a dichotomous decision based on an arbitrary cut-off 
(e.g., p < .05; Cohen, 1988). Future replication research could adopt a Bayesian 
approach and use our findings as background knowledge (i.e., informative priors) 
in their analyses to continue to update our knowledge on the effectiveness of CBT 
with virtual reality for children with aggressive behavior problems (Hoijtink et al., 
2019; van de Schoot et al., 2014).

A third direction for future work might be to investigate the cost-effectiveness of 
virtual reality in CBT for children with aggressive behavior problems. This seems 
necessary, as this new technology comes along with extra costs for equipment, 
licenses to use the virtual reality, and training professionals (Lindner, 2021). It could 
be worth the investment if converging evidence shows that CBT with virtual reality 
is more effective than current treatments and may result in shorter treatments, 
less drop out, and lower costs for society on the long-term (Geraets et al., 2021). 
In addition, it would be relevant to investigate whether the beneficial treatment 
effects found in this dissertation will be maintained when, instead of interactive 
virtual reality, cheaper types of virtual reality are used as intervention tool.

Fourth, our promising findings of using virtual reality open up possibilities 
to use virtual reality for other research purposes. As virtual reality allows for 
standardized scenarios that permits a wide range of options to manipulate and 
assess characteristics of social situations in real-time, it seems specifically useful 
when researchers aim to precisely manipulate or target social cues. Virtual reality 
additionally offers the opportunity to assess children’s arousal, thoughts or 
behavior in a situation, by for example observing behavior or by using physiological 
or eye-tracking measures (Calvert & Tan, 1994). Another potential avenue to use 
virtual reality in research, is to study whether this method might increase the 
effectiveness of interventions targeting children’s social environments, such as 
using virtual reality in parent and teacher training. Parents can practice positive 
parenting behaviors in virtual reality, get rewarded for using these new behaviors 
in the virtual situation, or experience the negative consequences of their current, 
less effective, parenting practices.
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Fifth, researchers might study for whom interventions with virtual reality are most 
or least successful. Our findings showed that the majority of children participating 
in YourSkills decreased in aggressive behavior (i.e., self-report: 71%; parent-report: 
79%; Chapter 6). However, these numbers also showed that not all children 
benefited from the treatment. For these children it might be that other mechanisms 
underlie their aggressive behavior problems (e.g., deficits in executive functioning, 
attention or prosocial skills, family and peer processes; Frick, 2012), or that more 
intensive treatment programs are necessary. Specifically, for these children it may 
be necessary to combine CBT with parenting programs, as this might be even more 
effective in reducing aggression than CBT alone (McCart et al., 2006). Thus, future 
research should draw attention to the less responsive children in interventions and 
investigate how effectiveness could be enhanced for this group.

Sixth, although our findings suggested improvements in anger regulation and 
hostile intent attribution for most children (Chapter 6), a remarkable number of 
children did not change in hostile intent attribution (i.e., 35%, as compared to 
28% for anger regulation). Future research could focus on these children and 
examine whether and why hostile intent attribution may not be a mechanism of 
change for all children. Alternatively, it may be that some children’s hostile intent 
attribution bias was too strongly ingrained to change with our intervention. In 
fact, hostile intent attributions may serve an adaptive function for some children. 
For instance, for children growing up in harsh and unpredictable environments it 
may be beneficial to recognize hostile intent on time, to be able to avoid negative 
interactions and harm (Ellis et al., 2017). The developmental cascade model posits 
that children’s hostile intent attributions are often developed as a function of early 
social experiences and are maintained by a reciprocal association between biases 
and reoccurring negative social interactions (Lansford et al., 2010). For these 
children, more extensive treatments that also incorporate children’s context (e.g., 
parents and school) may be necessary to break the negative spiral and induce 
change in hostile intent attribution.

Another avenue for future research might be to build upon the transdiagnostic 
research in this dissertation and further investigate trajectories of equifinality and 
multifinality in individual children (Cicchetti & Rogosch, 1996). Equifinality implies 
that the same outcome (e.g., aggression) can result from different processes or 
mechanisms (e.g., anger regulation and hostile intent attribution), whilst multifinality 
implies that one mechanism or risk factor (e.g., hostile intent attribution) may 
lead to many different outcomes (e.g., both aggression and anxiety; Cicchetti & 
Rogosch, 1996). We investigated multifinality by testing hostile intent attribution as 
transdiagnostic factor for children’s cooccurring anxiety and aggression (Chapter 
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6). Although we did find high cooccurrence rates between anxiety and aggression, 
and partial evidence that hostile intent attribution predicted both aggression and 
anxiety, hostile intent attribution could not explain the cooccurrence. If these 
findings are confirmed in other studies, this may imply that children may follow 
divergent developmental trajectories (Nolen-Hoeksema & Watkins, 2011). That 
is, some children high on hostile interpretation may develop anxiety problems, 
whereas others may develop aggressive behavior problems (Rydell et al., 2003). 
Future research could adopt a within-person approach and examine the temporal 
order and possible developmental trajectories in children’s aggression and anxiety 
problems (Granic, 2014).

CLINICAL IMPLICATIONS
The most important implication for clinical practice is that practitioners can use 
the YourSkills intervention to treat children’s aggressive behavior problems. We 
were able to implement and investigate this new intervention in fifteen clinical 
centers in the Netherlands. At the start of our study, we trained practitioners of 
these clinical centers in YourSkills and they incorporated this new treatment within 
their usual practices. Although our findings suggested that virtual reality provides 
additional benefits, results also showed that both the virtual reality and roleplay 
versions of YourSkills outperformed care-as-usual. Hence, both practice methods 
can be used in clinical practice. Clinicians could choose to practice in virtual reality 
when children’s motivation for treatment is low, or when they want to create more 
emotionally engaging and immersive exercises. We hope that YourSkills can be 
implemented more broadly in clinical practice and can function as an example of 
how to effectively integrate virtual reality in interventions for children.

Second, this dissertation showed that many children with aggressive behavior 
problems also displayed comorbid anxiety problems (i.e., 42%). These high 
levels of comorbidity underscore the necessity to treat aggression and anxiety 
simultaneously, perhaps by targeting transdiagnostic factors. Until now, most 
evidence-based therapies focus on one disorder or problem. However, it may 
be beneficial to tailor treatments more to individual children’s variety of needs 
and problems (rather than to one disorder) and take comorbidity into account. 
This could be a more effective way of treatment, which is less time consuming, 
and might safe costs on the long-term (Lucassen et al., 2015). Indeed, in one 
study, an integrative, modular intervention method targeting comorbid problems, 
outperformed usual care and standard evidence-based treatments on multiple 
clinical outcome measures (Weisz et al., 2012). This highlights that it is important 
for clinicians to take comorbidity into account in their interventions.
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Third, findings from this dissertation provided evidence for anger regulation and 
hostile intent attribution as intervention targets for children’s aggressive behavior 
problems. In clinical practice, it is important to know whether and how treatment 
mechanisms work. These elements can be used by clinicians to decide which 
mechanisms to target, when deficits in these mechanisms are expected to underlie 
children’s aggressive behavior problems (Collins et al., 2004; Kazdin & Nock, 
2003). Our findings suggest that anger regulation and hostile intent attribution 
provide good starting points for the majority of children. Hence, clinicians may 
assess if their clients display deficits in these mechanisms as a basis to tailor their 
treatments.

Fourth, we developed brief weekly measures that can be used in clinical practice to 
assess children’s anger regulation, hostile intent attribution, and aggression. These 
measures can be a valuable instrument to easily monitor treatment mechanisms 
and progress over the course of an intervention. Our findings showed that the 
measures had good psychometric quality and were sensitive to capture weekly 
changes. In addition, using the three-item measures was feasible in both a school 
setting and in clinical practice (Chapter 4-5). Thus, our weekly measures have 
clinical utility and can be used to monitor treatment progress and for productive 
shared decision making during treatment (Campbell & Hemsley, 2009).

CONCLUSION
The present dissertation sought to enhance and understand treatment effects for 
children’s aggressive behavior problems. Interactive virtual reality has proven to 
be an effective method to enhance treatment outcomes of a CBT intervention. 
Practicing in an emotionally emerging and immersive real-life environment 
yields not only improvements in treatment effectiveness but also higher levels of 
children’s treatment appreciation. In addition, we expanded our understanding of 
treatment mechanisms by providing within-person evidence for anger regulation 
and hostile intent attribution as treatment mechanisms to reduce aggressive 
behavior problems. We hope that this dissertation may inspire scientists and 
practitioners to carefully use and investigate virtual reality in interventions to 
continue to enhance treatment effects and help children to improve their skills.
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AANLEIDING
Agressieve gedragsproblemen behoren tot de meest voorkomende problemen 
bij schoolgaande kinderen (Costello et al., 2003; Merikangas et al., 2009). 
Agressieve gedragsproblemen is een verzamelnaam voor verschillende 
gedragingen, zoals schoppen, slaan, ruzie maken en iemand uitschelden. 
Agressieve gedragsproblemen zijn een veel voorkomende reden om kinderen 
door te verwijzen naar de geestelijke gezondheidszorg (Lochman & Matthys, 2017). 
Als agressie niet behandeld wordt is de kans groot dat de problemen blijven 
bestaan (Burks et al., 2001; Girard et al., 2019; Jester et al., 2008). Agressieve 
gedragsproblemen bij schoolgaande kinderen voorspellen nadelige uitkomsten 
later in het leven van kinderen, zoals delinquentie, middelenmisbruik, slecht 
presteren op school en verstoringen in relaties met leeftijdsgenoten (Burkey et 
al., 2018; Evans et al., 2021; Loeber & Farrington, 2000; Romeo et al., 2006). Daarbij 
kan agressie ook een blijvende negatieve impact hebben op de sociale omgeving 
van kinderen (McConaughy & Skiba, 1993; Wilson & Lipsey, 2006). Om escalatie 
van agressieve gedragsproblemen en negatieve uitkomsten te voorkomen, is 
het belangrijk om deze problemen te behandelen wanneer ze in de kindertijd 
ontstaan (Lochman & Matthys, 2017). Hoewel er behandelingen beschikbaar zijn 
om agressieve gedragsproblemen van kinderen te verminderen, zijn de huidige 
behandeleffecten bescheiden en werken deze behandelingen niet voor alle 
kinderen (McCart et al., 2006).

Dit proefschrift beschrijft onderzoek dat kan bijdragen aan het vergroten van 
de behandeleffecten voor kinderen met agressieve gedragsproblemen. In ons 
onderzoek stonden twee overkoepelende doelen centraal. Het eerste doel was 
te onderzoeken of behandeleffecten kunnen worden vergroot door gebruik te 
maken van interactieve virtual reality. Het tweede doel was het vergroten van ons 
begrip van potentiële behandelmechanismen, met de nadruk op twee bekende 
voorspellers van agressie: boosheidsregulatie en attributies van vijandige intenties.

BESTAANDE BEHANDELINGEN
De meest effectieve interventies voor agressieve gedragsproblemen voor 
schoolgaande kinderen zijn ouderinterventies en cognitieve gedragstherapie 
(Kaminski & Claussen, 2017; Litschge et al., 2010). Ouderinterventies kunnen 
opvoedvaardigheden verbeteren en vervolgens de agressieve gedragsproblemen 
van kinderen verminderen (Kaminski et al., 2008). Echter, deze programma’s zijn 
niet altijd geschikt of even effectief voor alle gezinnen (Leijten et al., 2012), mogelijk 
omdat ze niet direct gericht zijn op de onderliggende emotieregulatie en sociaal-
cognitieve processen van kinderen. Kindgerichte cognitieve gedragstherapie 
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(CGT) richt zich directer op deze factoren en kan agressie blijvend verminderen 
(Weisz & Kazdin, 2017). Tot nu toe zijn de effecten van CGT echter bescheiden en 
heterogeen: niet alle kinderen hebben er evenveel baat bij (McCart et al., 2006).

Uit onderzoek naar bestaande CGT behandelingen voor kinderen blijkt dat deze 
het meest effectief zijn wanneer cognities actief worden uitgedaagd en kinderen 
kunnen oefenen met het oplossen van levensechte sociale problemen (de Mooij 
et al., 2020; Landenberger & Lipsey, 2005). De meeste CGT behandelingen voor 
agressieve gedragsproblemen doen dat met behulp van rollenspellen (Menting 
et al., 2015). Zo kunnen kinderen nieuwe gedachten en vaardigheden oefenen in 
rollenspellen met hun behandelaar (in individuele CGT) of met andere kinderen 
met agressieve gedragsproblemen (in groeps-CGT). Hoewel rollenspellen flexibel 
en gemakkelijk in te zetten zijn, kunnen ze minder goed werken door gebrekkige 
motivatie van kinderen of doordat een te groot beroep wordt gedaan op hun 
capaciteiten tot perspectief nemen en verbeelding (Hadley et al., 2019; Park et 
al., 2011). In individuele CGT kunnen kinderen moeite hebben om te verbeelden 
dat ze met een leeftijdsgenoot interacteren terwijl ze met een behandelaar 
oefenen, en in groeps-CGT kunnen rollenspellen lastig zijn vanwege problemen 
met groepsmanagement en beperkte beschikbare tijd voor het individuele kind 
om te oefenen. Vandaar dat er nieuwe interventiemethoden nodig zijn die het 
realistisch oefenen in sociale interacties faciliteren (Weisz et al., 2019).

DOEL 1:
Het versterken van behandeleffecten met virtual reality

In dit proefschrift onderzoeken we interactieve virtual reality als nieuwe 
oefenmethode in CGT voor kinderen met agressieve gedragsproblemen. 
Interactieve virtual reality biedt een realistische en boeiende omgeving voor 
kinderen om in te oefenen tijdens de behandeling (Lindner, 2021). In deze virtual 
reality omgeving konden kinderen vrij bewegen, praten met virtuele kinderen en 
volwassenen, en spelletjes spelen, zoals het bouwen van een toren of het spelen 
van een computerspel. Virtual reality kan drie belangrijke voordelen hebben om 
de effectiviteit van behandelingen te optimaliseren: 1) het biedt een levensechte 
omgeving waarin kinderen emotioneel betrokken zijn, zodat ze echt kunnen 
oefenen met het reguleren van hun boosheid; 2) het kan de motivatie voor de 
behandeling vergroten; en 3) het maakt oefenen op maat mogelijk.
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YourSkills
Gezien de potentiële voordelen van het gebruik van virtual reality, ontwikkelden wij 
de individuele CGT ‘YourSkills’ voor kinderen met agressieve gedragsproblemen. 
In YourSkills oefenen kinderen vaardigheden in emotieregulatie en sociale 
informatieverwerking om hun agressieve gedrag te verminderen. We ontwierpen 
twee versies van YourSkills met identieke inhoud, maar met verschillende 
oefenvormen: één met oefenen in virtual reality en één met oefenen in rollenspellen 
tussen de behandelaar en het kind. Zo konden we de behandeling met virtual reality 
vergelijken met de identieke behandeling met rollenspellen. YourSkills bestaat uit 
een introductiesessie van 45 minuten met ouders en tien sessies van 45 minuten 
met het kind. Tijdens de sessies oefenen kinderen het herkennen van boosheid, 
het reguleren van boosheid en het oplossen van problemen in sociale interacties. 
Hoewel YourSkills primair gericht is op het kind, bevordert het ook de betrokkenheid 
van de ouders door hen een introductiesessie te bieden en hen aan het eind van elke 
sessie met het kind te laten aansluiten en een samenvatting van de sessie te geven.

Figuur 1
Virtual reality klaslokaal, woonkamer en schoolplein.

 

Om kinderen in YourSkills hun regulatievaardigheden te laten oefenen terwijl ze 
emotioneel betrokken zijn, creëerden behandelaren uitdagende sociale situaties 
voor kinderen in virtual reality of rollenspellen. Hiervoor ontwierpen we drie 
interactieve en realistische virtuele omgevingen: een klaslokaal, een schoolplein 
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en een woonkamer (zie Figuur 1). In deze omgevingen konden kinderen oefenen 
in emotie-opwekkende situaties (bijvoorbeeld uitgelachen worden door een 
leeftijdsgenoot). Behandelaren konden de boosheid van de kinderen op laten 
lopen door de virtuele situatie te manipuleren (bv. het kind een spel laten verliezen 
of de televisie uitzetten) of door de spraak en de handelingen van de virtuele 
personen te manipuleren (bv. een leeftijdsgenoot een middelvinger laten opsteken).

Onderzoek naar YourSkills
In dit proefschrift beschrijven we twee studies die YourSkills met virtual reality 
hebben onderzocht. In hoofdstuk 2 onderzochten we de haalbaarheid van de 
nieuwe YourSkills interventie met interactieve virtual reality in een kleinschalige 
studie met zes jongens. Het doel van deze studie was het beschrijven van de inhoud, 
haalbaarheid en waardering van virtual reality als nieuwe behandelmethode voor 
kinderen met agressieve gedragsproblemen. De resultaten waren veelbelovend: 
behandelaren gaven aan dat het geven van de behandeling en het werken met 
de virtual reality apparatuur haalbaar was. Ze ondervonden nauwelijks technische 
problemen en waren in staat om de sessies volledig af te ronden en kinderen 
de aanbevolen tijd in virtual reality te laten oefenen. Kinderen waardeerden 
de behandeling erg positief (gemiddeld rapportcijfer van 9.3), wat ook werd 
erkend door de behandelaren, die aangaven dat kinderen actief oefenden in de 
virtuele omgeving. Daarbij rapporteerden ouders een afname van het agressieve 
probleemgedrag van hun kinderen. Kinderen zelf rapporteerden echter geen 
afname. Een verklaring hiervoor is dat kinderen bij de start van de interventie al 
lagere niveaus van agressie rapporteerden, mogelijk door onderrapportage van 
de daadwerkelijke problemen (De Los Reyes & Kazdin, 2005). Al met al toonde 
onze haalbaarheidsstudie aan dat het gebruik van interactieve virtual reality in 
CGT haalbaar en aantrekkelijk is voor kinderen en behandelaren en de potentie 
heeft om agressief gedrag te verminderen.

Deze bevindingen waren veelbelovend genoeg voor een grotere studie om te 
bepalen of virtual reality daadwerkelijk de effectiviteit van CGT vergroot. Dat wil 
zeggen, of CGT met virtual reality effectiever is dan dezelfde CGT zonder virtual 
reality. De toegevoegde waarde van virtual reality werd onderzocht door deze 
niet enkel te vergelijken met een identieke interventie zonder virtual reality maar 
ook met standaardzorg (Lindner, 2021). In hoofdstuk 3 vergeleken we deze drie 
soorten interventies in een multicenter gerandomiseerde gecontroleerde trial. 
De resultaten lieten zien dat CGT met virtual reality meer kans had om agressief 
gedrag te verminderen dan standaardzorg. Hetzelfde patroon van resultaten werd 
gevonden toen we beide YourSkills varianten (d.w.z. virtual reality en rollenspellen) 
vergeleken met standaardzorg. Wanneer we virtual reality vergeleken met 
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rollenspellen, had virtual reality iets meer kans om agressie te verminderen dan 
rollenspellen op vier van de zeven agressie uitkomstmaten. Op andere punten 
deed virtual reality het duidelijk beter dan rollenspellen: het was zeer waarschijnlijk 
dat kinderen meer emotionele betrokkenheid en inleving ervoeren tijdens het 
oefenen met virtual reality dan tijdens rollenspellen. Het was ook waarschijnlijker 
dat kinderen virtual reality leuker vonden en deze methode als effectiever 
ervoeren dan rollenspellen. Dit is belangrijk omdat kinderen met agressieve 
gedragsproblemen vaak niet gemotiveerd zijn voor behandeling (Frick, 2012; 
Lochman et al., 2019) en het vergroten van de behandelwaardering kan leiden tot 
hogere behandeleffectiviteit (Lochman, Kassing, et al., 2017).

Samen toonden de twee studies in het eerste deel van dit proefschrift aan dat 
interactieve virtual reality een haalbaar en veelbelovend instrument is om de 
motivatie van kinderen tijdens de behandeling te vergroten en de effectiviteit 
van CGT in de klinische praktijk voor kinderen met agressieve gedragsproblemen 
te vergroten.

DOEL 2:
Inzicht in behandelmechanismen

Een volgende stap naar het optimaliseren van interventies was het vergroten 
van ons inzicht in behandelmechanismen. Tot nu toe hebben slechts enkele 
studies onderzocht via welke mechanismen interventies hun gunstige effecten 
behalen (Kazdin, 2009; Lochman & Matthys, 2017). Door deze mechanismen van 
verandering te identificeren kunnen we meer inzicht krijgen in de ontwikkeling van 
agressieve gedragsproblemen bij kinderen (Kazdin & Nock, 2003) en ervoor zorgen 
dat huidige interventies uitsluitend relevante componenten bevatten (Kraemer 
et al., 2002). Daarnaast kunnen onderliggende mechanismen geassocieerd zijn 
met meerdere problemen, zoals externaliserende en internaliserende problemen, 
en het adresseren daarvan kan ervoor zorgen dat er minder overlap tussen 
interventies hoeft te zijn (Granic, 2014; Kazdin & Nock, 2003).

Mogelijke behandelmechanismen binnen interventies voor agressieve 
gedragsproblemen zijn boosheidsregulatie en vijandige intentie attributies 
(Bookhout et al., 2017; Chorpita & Daleiden, 2009). Boosheidsregulatie verwijst naar 
de processen die kinderen gebruiken om de intensiteit of duur van hun gevoelens 
van boosheid in stand te houden of te verminderen (Cole et al., 2004; Zeman et al., 
2006). Met vijandige intentie attributies wordt bedoeld dat kinderen vaker geneigd 
zijn om het gedrag van anderen als negatief of gemeen te interpreteren, zelfs als 
het onduidelijk was wat de intenties van de ander waren. Onterechte attributies 
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dat anderen gedrag met vijandige bedoelingen hebben uitgevoerd, kunnen leiden 
tot agressie. Kinderen met agressieve gedragsproblemen blijken de intenties van 
anderen vaker te interpreteren als vijandig (Verhoef et al., 2019).

Wanneer we behandelmechanismen willen identificeren, willen we weten of 
veranderingen in een potentieel mechanisme binnen een kind gerelateerd zijn 
aan veranderingen in behandeluitkomsten bij dat specifieke kind. Daarom is het 
belangrijk om behandelmechanismen te onderzoeken op het binnen-personen 
niveau (Kazdin, 2011; Laurenceau et al., 2007).

Onderzoek naar behandelmechanismen
In hoofdstuk 4 onderzochten we of veranderingen in adaptieve boosheidsregulatie 
en vijandige intentie attributie binnen personen samengingen met veranderingen 
in agressie van kinderen, over een periode van vier weken. Eerst ontwikkelden 
we een korte vragenlijst om adaptieve boosheidsregulatie, attributie van vijandige 
intenties en agressie wekelijks te meten. Deze vulden jongens en meisjes uit 
groep 5 t/m 8 op school vier weken achter elkaar in. Uit de resultaten bleek 
dat de psychometrische kwaliteit van onze vragenlijst goed was. Net als in 
eerder onderzoek lieten onze resultaten op het tussen-personen niveau zien dat 
kinderen die minder adaptieve boosheidsregulatie en meer vijandige attributies 
rapporteerden dan anderen, ook meer agressie toonden dan andere kinderen. 
Daarbij lieten wij als eersten zien dat binnen-personen wekelijkse veranderingen 
in adaptieve boosheidsregulatie en attributie van vijandige intenties samen gingen 
met veranderingen in agressie bij diezelfde kinderen. Deze studie geeft indicaties 
dat het focussen op boosheidregulatie en vijandige intenties mogelijk kan leiden 
tot vermindering van agressie bij individuele kinderen.

Vervolgens hebben we in hoofdstuk 5 de volgende stap gezet door 
boosheidsregulatie en vijandige intentie attributie te onderzoeken als 
behandelmechanismen in de YourSkills interventie. Met deze interventiestudie 
konden we onderzoeken of veranderingen in de veronderstelde mechanismen 
inderdaad een afname van agressie van individuele kinderen voorspelden tijdens 
de behandeling (Kazdin, 2009). We namen een deelsteekproef van de studie uit 
hoofdstuk 3, door alleen kinderen te selecteren die waren gerandomiseerd naar de 
twee YourSkills groepen, omdat deze interventie zich richtte op boosheidsregulatie 
en vijandige intentie attributies. We gebruikten onze nieuw ontwikkelde wekelijkse 
vragenlijst (hoofdstuk 4), dat een eenvoudig en valide instrument bleek om 
individuele veranderingen gedurende de elf behandelsessies te onderzoeken. 
De resultaten toonden, zoals verwacht, aan dat gedurende de interventieweken 
adaptieve boosheidsregulatie van kinderen toenam en de attributie van vijandige 
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intenties afnam. De veranderingen in deze mechanismen hingen sterk samen 
met door kinderen gerapporteerde veranderingen in agressie. Voor ouder-
gerapporteerde agressie vonden we alleen ondersteuning voor vijandige intentie 
attributie als behandelmechanisme. Kortom, de resultaten van hoofdstuk 4 en 
5 laten zien dat het behandelen van boosheidsregulatie en vijandige intentie 
attributies samengaat met een vermindering van de agressieve gedragsproblemen 
van kinderen.

Nadat we bewijs vonden voor vijandige intentie attributie als verandermechanisme 
voor agressieve gedragsproblemen van kinderen, hebben we ons perspectief 
verbreed en onderzocht of dit mechanisme ook andere problemen van 
kinderen kan verklaren (Granic, 2014; Kazdin & Nock, 2003). Specifiek vroegen 
we ons af of vijandige intentie attributie een transdiagnostische factor zou 
kunnen zijn, wat betekent dat één mechanisme meerdere problemen bij een 
kind veroorzaakt of in stand houdt. Bij kinderen van schoolgaande leeftijd 
komen agressieve gedragsproblemen en angstproblemen vaak gelijktijdig 
voor (comorbiditeit tussen de 22 en 75%; Granic, 2014; Frick et al., 1999). Het 
identificeren van transdiagnostische factoren lijkt daarom cruciaal, omdat dit 
belangrijke mechanismen kunnen zijn om deze comorbide problemen gelijktijdig 
effectief te behandelen. Mogelijk hebben kinderen met comorbide gedrags- en 
angstproblemen meer baat bij één brede behandeling gericht op geïdentificeerde 
transdiagnostische factoren dan bij afzonderlijke behandelingen gericht op één 
enkel probleem (Oland & Shaw, 2005).

Hoofdstuk 6 beschrijft twee studies die vijandige interpretatie onderzochten 
als transdiagnostische factor voor comorbide angst bij kinderen met agressieve 
gedragsproblemen. In beide studies vonden we een hoge comorbiditeit van 
(sub)klinische agressie en angstproblemen (42%), wat de noodzaak benadrukt 
om transdiagnostische factoren te onderzoeken. Onze resultaten gaven geen 
bewijs voor vijandige interpretatie als transdiagnostische factor voor het samen 
voorkomen van agressie en angstproblemen. Een mogelijke verklaring hiervoor is 
dat attributies zowel angst als agressie voorspellen, maar dat het om verschillende 
vormen van attributies gaat. Het is dus daarom nog onduidelijk of vijandige 
interpretatie als transdiagnostische factor kan fungeren.

STERKE PUNTEN EN BEPERKINGEN
Een sterk punt van dit proefschrift is dat we een gerandomiseerde gecontroleerde 
trial hebben uitgevoerd waarbij we voor het eerst interactieve virtual reality 
hebben geïmplementeerd in een interventie voor kinderen met agressieve 
gedragsproblemen. Daarbij hebben we ons onderzoek in de praktijk uitgevoerd, 
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door YourSkills te implementeren en te onderzoeken in klinische centra. Dit 
verhoogt de vertaalbaarheid van de bevindingen naar de praktijk en vergroot 
daarbij de kans op effectieve implementatie. Ook hebben we op deze manier 
kinderen kunnen werven in klinische centra en lukte het om ons onderzoek uit te 
voeren bij vaak moeilijk bereikbare kinderen die werden doorverwezen voor hun 
agressieve gedragsproblemen.

Het onderzoek in dit proefschrift heeft ook zijn beperkingen. Ten eerste werden 
in de meeste studies alleen jongens onderzocht omdat, waardoor de bevindingen 
niet kunnen worden gegeneraliseerd naar meisjes. We hebben ervoor gekozen om 
ons te richten op een relatief homogene steekproef van jongens, omdat agressie 
bij meisjes in de kindertijd minder vaak voorkomt en de ontwikkeling, vormen 
en uitkomsten ervan anders kunnen zijn dan bij jongens (Berkout et al., 2011; 
Fontaine et al., 2009; Underwood, 2002). Toekomstig onderzoek kan nagaan of 
meisjes met agressieve gedragsproblemen evenveel baat hebben bij interventies 
die virtual reality gebruiken en zich richten op dezelfde behandelmechanismen. 
Ten tweede was ons onderzoek naar behandelmechanismen voor agressie bij 
kinderen wel geschikt om causaliteit van de behandeling vast te stellen, maar 
niet om causaliteit van de mechanismen vast te stellen. Het is bijvoorbeeld ook 
mogelijk dat de afgenomen agressie bij kinderen ervoor zorgde dat ze minder ruzie 
kregen en dus minder vijandige interpretaties maakten. Vervolgonderzoek kan 
behandelmechanismen experimenteel manipuleren, in bijvoorbeeld een microtrial 
of een longitudinaal experiment met een controlegroep. Ten derde hebben 
wij boosheidsregulatie, vijandige intentie attributies en agressie gemeten met 
vragenlijsten en vignetten. Een nadeel hiervan is dat kinderen met terugwerkende 
kracht moeten nadenken over hun gedrag of zich een hypothetische sociale 
gebeurtenis moeten voorstellen. Aangezien vijandige intentie attributies vaak 
alleen worden geactiveerd wanneer kinderen sterke emoties ervaren (Anderson 
& Bushman, 2002; Lemerise & Arsenio, 2000a), weerspiegelen de antwoorden 
van kinderen mogelijk niet hun attributies in het echte leven. Virtual reality als 
meetinstrument kan hier uitkomst bieden, doordat realistische sociale situaties 
kunnen worden gesimuleerd en emoties kunnen worden uitgedaagd (Verhoef, 
van Dijk, et al., 2021). Vervolgonderzoek kan virtual reality inzetten als alternatieve 
methode om boosheidsregulatie, vijandige attributies en agressie in kaart te 
brengen (Verhoef, Verhulp, et al., 2021).

RICHTINGEN VOOR VERVOLGONDERZOEK
De bevindingen van dit proefschrift geven nieuwe inzichten in de behandeleffecten 
van interventies voor agressieve gedragsproblemen bij kinderen, en roepen 
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tegelijkertijd nieuwe onderzoeksvragen en -richtingen op. Een eerste richting 
voor vervolgonderzoek kan zijn om de lange termijn effectiviteit van virtual reality 
in interventies voor kinderen met agressieve gedragsproblemen te onderzoeken. 
Dit lijkt cruciaal aangezien het uiteindelijke doel van interventies het verminderen 
van de problemen en risico’s van kinderen op de lange termijn is. Ten tweede 
zou vervolgonderzoek zich kunnen richten op het uitvoeren van replicatiestudies 
om de zekerheid van de bevindingen van het huidige onderzoek te vergroten 
(Open Science Collaboration, 2015). Een derde richting voor toekomstig 
onderzoek zou kunnen zijn om de kosteneffectiviteit van virtual reality in CGT 
voor kinderen met agressieve gedragsproblemen te onderzoeken. Dit lijkt 
noodzakelijk, aangezien deze nieuwe technologie gepaard gaat met extra kosten 
voor apparatuur en licenties om de virtual reality te gebruiken en het trainen van 
professionals (Lindner, 2021). Anderzijds kan virtual reality mogelijk ook kosten 
besparen door het verhogen van de behandeleffectiviteit, hogere motivatie, en 
mogelijk geringere uitval. Ook zouden onderzoekers kunnen bestuderen voor 
wie interventies met virtual reality het meest of het minst succesvol zijn. Hierbij 
is het belangrijk om aandacht te vestigen op de minder responsieve kinderen 
in interventies en te onderzoeken hoe de effectiviteit voor deze subgroep 
kan worden vergroot. Vervolgonderzoek kan daarnaast voortbouwen op de 
transdiagnostische benadering in dit proefschrift. Hierbij is het belangrijk is om 
naar veranderingen binnen kinderen te kijken, om op deze manier de volgorde en 
mogelijke ontwikkelingstrajecten in agressie- en angstproblemen van kinderen 
te onderzoeken (Granic, 2014).

IMPLICATIES
Dit proefschrift geeft ondersteuning voor interactieve virtual reality als effectieve 
en haalbare behandelmethode voor kinderen met agressieve gedragsproblemen. 
Dit opent mogelijkheden om virtual reality te gebruiken en onderzoeken in 
behandelingen voor kinderen met andere problemen. Bijvoorbeeld door kinderen 
met een autisme spectrum stoornis sociale vaardigheden te laten oefenen (Ke et 
al., 2020), kinderen met sociale angst bloot te stellen aan verschillende situaties 
met leeftijdsgenoten, of kinderen te leren hoe ze zich kunnen gedragen als 
leeftijdsgenoten gepest worden. In toekomstig virtual reality onderzoek is het 
belangrijk om na te denken over hoe en waarom de behandeling beter zou worden 
door virtual reality. Aangezien virtual reality een kostbaar instrument is, moet 
integratie in interventies gebaseerd zijn op zorgvuldige theoretische en praktische 
redeneringen. Daarbij is het essentieel om studies met meerdere groepen (multi-
armed trials) uit te voeren die virtual reality direct vergelijken met een andere 
methode, zoals rollenspellen (Lindner, 2021). Hiermee kan de toegevoegde waarde 

A
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van virtual reality ten opzichte van minder kostbare instrumenten vastgesteld 
worden. Ook is het belangrijk om de kosten en baten van verschillende typen 
virtual reality af te wegen. Zo biedt interactieve virtual reality een dynamische 
omgeving die realistische interacties in de virtuele wereld mogelijk maakt, maar 
daardoor is dit ook een kostbare methode. Dit terwijl bijvoorbeeld 360 graden 
virtual reality een meer eenvoudige, goedkopere statische video- of foto-omgeving 
biedt. Dit kan volstaan wanneer alleen blootstelling aan een sociale stimulus 
vereist is, maar niet geschikt lijkt om kinderen te laten ervaren hoe anderen op 
hun gedrag reageren. Het is dus belangrijk om de kosten af te wegen tegen de 
voor- en nadelen van verschillende virtual reality mogelijkheden.

De belangrijkste implicatie voor de klinische praktijk is dat behandelaren de 
YourSkills interventie kunnen inzetten om agressieve gedragsproblemen van 
kinderen te behandelen. Beide oefenmethoden kunnen gebruikt worden in de 
praktijk, doordat ons onderzoek aantoonde dat YourSkills met zowel virtual reality 
als rollenspellen effectiever was dan standaardzorg. Clinici kunnen voor virtual 
reality kiezen wanneer de behandelmotivatie van kinderen laag is, of wanneer ze 
realistischer willen oefenen of sterkere emoties willen oproepen. Wij hopen dat 
YourSkills breder kan worden toegepast in de klinische praktijk en kan fungeren als 
voorbeeld van hoe virtual reality effectief kan worden geïntegreerd in interventies 
voor kinderen.

Daarnaast lieten cijfers uit dit proefschrift zien dat veel kinderen met agressieve 
gedragsproblemen ook comorbide angstproblemen hadden (42%). Deze hoge 
comorbiditeit benadrukt de noodzaak om agressie en angst tegelijkertijd te 
behandelen, wellicht door behandeling te richten op transdiagnostische factoren. 
Door behandelingen meer af te stemmen op de behoeften en problemen van 
individuele kinderen (in plaats van op één stoornis), kunnen interventies verkort 
worden, wat op de lange termijn kosten bespaart (Lucassen et al., 2015). Ook 
vonden we in dit proefschrift bewijs voor boosheidsregulatie en vijandige intentie 
attributies als behandelmechanismen voor agressieve gedragsproblemen van 
kinderen. Clinici kunnen behandelingen focussen op deze elementen, wanneer 
zij denken dat deze ten grondslag liggen aan de agressieve gedragsproblemen 
van kinderen (Collins e.a., 2004; Kazdin & Nock, 2003). Clinici kunnen dus 
nagaan of hun cliënten tekorten vertonen in deze mechanismen, als basis om 
hun behandelingen op maat te maken.

Ten slotte hebben we een korte wekelijkse vragenlijst ontwikkeld die in de 
klinische praktijk kan worden gebruikt om boosheidsregulatie, vijandige intentie 
attributies en agressie van kinderen te meten. Onze wekelijkse metingen bleken 
bruikbaar op zowel school als in de klinische praktijk. Hierdoor kunnen ze gebruikt 
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worden om de voortgang van een behandeling eenvoudig te volgen en om de 
kwaliteit van gezamenlijke besluitvorming te verhogen tijdens de behandeling 
(Campbell & Hemsley, 2009).

CONCLUSIE
Het huidige proefschrift had als doel om behandeleffecten voor agressieve 
gedragsproblemen bij kinderen te vergroten en beter te begrijpen. Interactieve 
virtual reality is een effectieve methode gebleken om de behandeleffecten van 
een CGT interventie te vergroten. Oefenen in een emotioneel geladen, realistische 
omgeving levert niet alleen verbeteringen op in de effectiviteit van de behandeling, 
maar ook meer waardering van kinderen voor de behandeling. Daarbij hebben 
we ons begrip van behandelmechanismen vergroot door bewijs te leveren voor 
boosheidsregulatie en vijandige intentie attributie als behandelmechanismen 
om agressieve gedragsproblemen te verminderen. Wij hopen dat dit proefschrift 
wetenschappers en behandelaren kan inspireren om virtual reality zorgvuldig te 
gebruiken en te onderzoeken in interventies om behandeleffecten te vergroten 
en kinderen te helpen hun vaardigheden te verbeteren.

Een kort promofilmpje zien 
over YourSkills? Scan de 

QR code!

Meer lezen over YourSkills? 
Neem een kijkje op onze 

website!
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“ Wat ik wil gaan doen weet ik nog niet,
maar ik weet wel zeker dat ik niet wil promoveren ”

Sophie Alsem (2016)

Ja Bram, mede dankzij jouw aanstekelijke enthousiasme is dat toch even anders 
gelopen! Vanaf het begin liet je merken dat jij oneindig veel vertrouwen in mij 
had, waardoor ik me heel vrij en gestimuleerd heb gevoeld. Ik weet dat dat niet 
vanzelfsprekend is tijdens een promotie en voel me dan ook echt bevoorrecht om 
samen met jou aan zo’n mooi project te hebben mogen werken. Jouw grenzeloze 
optimisme is daarbij een grote inspiratie voor mij. Als ik tijdens een meeting met 
een hele waslijst van dingen kwam die misliepen, kon jij de minst slechte oplossing 
als een nieuwe nobelprijs uitvinding bejubelen zodat ik toch met een gerust gevoel 
naar buiten liep. Jij bent daarbij de enige persoon die ik ken die daadwerkelijk 
kan multitasken door tijdens meetings mails te beantwoorden en ondertussen 
hele slimme opmerkingen te maken. Ik ben heel blij dat we bij de UvA samen de 
wereld kunnen veroveren met virtual reality.

Esmée, wat een mijlpaal! Bedankt dat ik je kamer duizend keer mocht binnenvallen 
met een hele korte vraag (lees: een kletspraatje van minstens een uur). Ik vind 
het heel bijzonder dat jij altijd met mij kan en wilt meedenken en we heerlijk vaak 
op één lijn zitten. Jouw fantastische oplossingsgerichtheid was voor mij (en de 
duur van dit project) echt van onschatbare waarde. Ik waardeer jouw oog voor 
mijn welzijn enorm, waarbij jij bij elke keuze in het project benadrukte wat de 
invloed van de verschillende opties op mij zouden zijn (terwijl ik enkel voor de 
meest efficiënte of optimale oplossing probeerde te gaan). En ons hoogtepunt 
was denk ik toch echt onze ‘congresdag’ in Stockholm, ondanks dat het de hele 
dag regende, jij een doorweekte broek had door een kapotte step en we een 
uur moesten omlopen omdat er geen trap was (‘waarom staan hoge rotswanden 
niet op google maps?’).

Anouk, wat was het fijn om jou als ‘mentor’ en sparringpartner te hebben. Jij weet 
de theoretische kant in mij te stimuleren (blijkbaar zit die toch ergens verstopt). 
Bedankt dat je binnen ons clubje de ondankbare taak van ‘maar, wat nou als…’ 
op je hebt genomen. Hoe graag ik jouw positief kritische opmerkingen soms 
niet wilde horen, hoe nuttig deze eigenlijk altijd waren. En niet te vergeten: jouw 
ultieme schrijftips en feedback heb ik zo goed geautomatiseerd dat ik zelfs bij 
het schrijven van mijn dankwoord tekstuele aanpassingen maak omdat ik mezelf 
hoor denken ‘oh nee, hier zou Anouk … zeggen’. Ik weet je te vinden op de UvA! 

A
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Dankjewel aan de belangrijkste personen in mijn onderzoek: alle deelnemende 
kinderen en hun ouders. Jullie en toekomstige andere gezinnen helpen is 
dé ultieme drive voor mij om onderzoek te doen! Daarbij wil ik ook graag alle 
deelnemende scholen en GGZ-instellingen (Levvel, GGZ-NHN divisie Triversum, 
Youz, Altrecht, de Opvoedpoli, GGZ Delfland, RIOzorg) bedanken. Super fijn dat 
jullie wilden meewerken aan ons project. Zonder al jullie enthousiaste leerkrachten 
en behandelaren hadden we geen YourSkills delenemers gehad!

Daarbij waren natuurlijk onmisbaar in dit project, alle YourSkills trainers: Amber, 
Bryony, Ellen, Eva, Fred, Hannelotte, Ingeborg, Kiky, Kim, Kirsten, Laura, Lavinia, 
Lisa, Lisette, Lisette, Loes, Lotte, Marieke, Marieke, Marjolijn, Mirjam, Paula, Peter, 
Roos, Ruben, Samantha, Sander, Sarah, Selda, Sharon, Shradha en Wieteke. 
Jullie enthousiasme tijdens de opleidingsdagen gaf ons een mega boost en 
stimulans voor het onderzoek. Ik heb heel veel bewondering voor het feit dat jullie 
meewerken aan YourSkills wilden combineren met jullie dagelijkse cliëntenzorg 
(ik weet nu hoe uitdagend dit is). 

Ook de YourSkills focusgroep, Kim, Marca, Sharon en Tycho wil ik bedanken 
voor jullie fantastische inbreng. Zonder jullie hadden we de behandeling nooit 
zo inhoudelijk goed en doeltreffend kunnen maken. Sharon, jij weet werkelijk 
iedereen in de ja-stand te krijgen! De opleidingsdagen met z’n drieën gingen zo 
vanzelfsprekend dat het leek alsof we dit al jaren samen doen. Tycho, je bent voor 
mij een groot voorbeeld in het onderzoeken van praktijkgestuurde vraagstukken. 
Bedankt dat jij, ondanks alle drukte, altijd tijd vrij wist te maken om achter 
behandelaren aan te zitten, een account voor mij te regelen, nogmaals achter 
behandelaren aan te zitten, te brainstormen over het vervolg, mee te schrijven 
aan het RCT artikel en nog een laatste reminder te sturen naar behandelaren. 

Daarnaast wil ik CleVR bedanken voor de prettige samenwerking, zonder jullie 
hadden we geen YourSkills oefenomgeving! In het bijzonder Steve, bedankt dat 
jij nooit meeging in mijn paniek als de virtual reality niet werkte (en ik op het punt 
stond een demo te geven voor 30 behandelaren). Jij was op deze momenten de 
ultieme hulplijn en hielp mij met alle geduld (wat ik dan zeker niet had, sorry). En 
wie had gedacht dat we van de vele uren in jullie mini virtual reality test kamertje in 
Delft, samen zouden lunchen in Stockholm! Bedankt voor de goede toeristentips! 

De bijna drie jaar durende dataverzameling voor ons project had ik nooit kunnen 
doen zonder de hulp van zoveel fijne mensen. Jessica, jij wist alles te regelen 
rondom de metingen en studenten! Je zorgde ervoor dat iedereen op het goede 
moment op de juiste plek in Nederland was (oké, behalve ouders die de afspraak 
vergeten waren). Heel leuk om te zien hoe enthousiast jij werd van alle kinderen 
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en telkens weer in de trein sprong. Bedankt! Janna, manusje-van-alles binnen 
het project! Met jou erbij kon ik de helft van mijn hersenen uitzetten, want wat 
heerlijk dat wij op één lijn zitten en jij eigenlijk overal enthousiast van wordt. 
Wat begon met boekjes printen en spelletjes sorteren, eindigde in een baan als 
filmproducent met heuse kind-acteurs en co-auteurschap op het scholenproject. 
Ik ga de vele koffiemomenten en fietstochtjes samen naar de Uithof missen (maar 
ik begin nu misschien wel echt om 9 uur met werken). Ook onmisbaar voor het 
project waren alle studenten die hebben geholpen: Bibi, Elisa, Famke, Isa, Janne, 
Janneke, Julian, Juliette, Karen, Karin, Kimberley, Lotte, Mariëlle, Marthe, Maxime, 
Raoul, Sofie, Suzanne en Wies. Bedankt voor jullie tomeloze inzet en flexibiliteit 
om naar alle scholen en GGZ-instellingen te gaan! Dominique en Isabel, rasechte 
YourSkills toppers, wat super dat jullie ons ook na jullie afstuderen uit de brand 
wilden helpen! Anouk Duyvendak, wat fijn dat je voor je stage met ons project 
hebt meegedraaid! 

Dear OWP colleagues, thanks for more than nine incredible years! I very much 
enjoyed all lunches, department outings, Sinterklaas and Christmas games, drinks 
in Jan’s room, Monday meetings, and the countless coffees together! I will really 
miss the walk-and-looking-under-the-doors to collect everyone for lunch! Alle 
Langeveld portiers en iedereen van het secretariaat, bedankt voor het aannemen 
van de bergen pakketjes (‘er staat hier alwéér een hele grote doos voor jou’) en 
het verstrekken van oneindig veel mapjes, ringbanden, pennen en post-its. Even 
iets bij jullie ophalen was een uitstekend excuus voor een gezellig kletspraatje! 

Dan zijn er nog een paar collega’s die ik speciaal wil bedanken. Helen, Yolanda 
en Liesbeth, toen ik als student-assistent bij OWP kwam hebben jullie mij als 
fantastische moederganzen opgevangen en thuis laten voelen op de afdeling. 
Bedankt voor alles! Astrid, wat ga ik onze ‘ook zin in koffie?’ momentjes missen. 
Ik ben je dankbaar voor alle fijne gesprekken, eerlijkheid en goede adviezen in de 
afgelopen jaren. Sander, ik bewonder de rust die je uitstraalt, je kijk op de wereld, 
je oprechtheid, je visie op onderzoek en je enorme interesse en betrokkenheid 
bij je collega’s. Bedankt voor de vele (lunch)gesprekken over van alles en nog 
wat! Anneke, zonder jou had ik nog meer frustratie gehad over de (onnodig) 
ingewikkelde wereld van regeltjes en administratie bij de Universiteit. Bedankt 
dat je het leven voor mij een stuk makkelijker hebt gemaakt! Dear (retired) jonkies, 
Inge, Wieteke, Ziyan, Yue, Lysanne, Nagila, Shuyang, Mengtian, Eva, Anouk, Tessa, 
Danni, Leanne, Yixin, Judith, Jenna, Stefan, Saira, thanks for being the most 
supportive group! You helped me to put things into perspective by collectively 
complaining and discussing our PhD struggles. Being a jonkie felt really good 
(especially when I entered my 30s)!

A
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Lysanne, mijn PhD maatje! Als perfect afgestemd student-assistenten-duo wisten 
wij het voor elkaar te krijgen om weer kamergenootjes te worden (nogmaals sorry 
Rogier). Ik kijk met een grote glimlach terug op de vele uren samen op onze kamer 
met eindeloze kletspraatjes en gegiebel (uiteraard over louter wetenschappelijke 
onderwerpen, waarvoor de deur vaak wel even dicht moest). Jij was niet alleen mijn 
rots in de branding in onze kamer (‘mag ik jouw metc als voorbeeld?’), maar ook 
op de vele vrimibo’s, feestjes en congressen (‘maakt mij niet uit welk congres het 
is, als we maar samen kunnen’). Dat collega’s onze namen wel eens verwisselden 
zegt genoeg: jij was mijn PhD partner in crime! Rogier, het schip is niet gezonken! Ik 
vind het een grote eer dat ik jouw vici-vr maat en eerste hulplijn mocht zijn. Bedankt 
dat jij mij ontelbare keren hebt laten lachen door een niet-saaie wetenschapper te 
zijn. Ik mis jou als bizon in de gang, de red bull geur, rondslingerende rietjes, grijze 
haren, mailtjes om 3u ‘s nachts en veel te blote hemden nu al. Shuyang, I really 
enjoyed being your paranimf, thanks for our fun time together as PhDs! Judith, wat 
ben ik blij dat wij toch nog een hele tijd kamergenootjes hebben mogen zijn (groot 
voordeel van de uitloop van mijn PhD)! Je bent een inspiratie voor mij met je mooie 
denkwijze over het milieu en onderzoek (en de rechtszaak van Johnny Depp en 
Amber Heard). Ik ga het enorm missen in H2.25. Anouk, borrel Anouk, wandel 
Anouk, baby Anouk, paranimf Anouk, vriendin Anouk. Wij delen niet alleen onze 
interesse in zowel onderzoek als praktijk, maar kunnen ook eindeloos babbelen 
over andere belangrijke levenskwesties (‘heb je nog roddels over…?’). Ik ben je 
heel erg dankbaar voor al je nuttige input, meedenken en oprechte betrokkenheid 
bij mijn promotie. Ik kijk uit naar alle vrimibo’s, wandelingen (+1), apenverhalen en 
boottochtjes die nog gaan komen! 

Key2Teach team, wat was het heerlijk om het (vaak saaie) schrijven van de 
laatste loodjes van mijn proefschrift met werken op jullie project te combineren. 
Nouchka, dankjewel dat ik mocht aansluiten bij jullie fijne team. Ik waardeer jullie 
dankbaarheid voor mijn input als nieuwkomer echt enorm. Jouw sterke theoretische 
achtergrond terugzien in alle facetten van Key2Teach is prachtig. Kirsten, wat was 
het fijn om met jou samen te werken. Je interesse, doorzettingsvermogen en hart 
voor het project zijn een inspiratie voor mij. Ik kan niet wachten op de uitnodiging 
voor jouw verdediging. Femke, aka bowling-strike-koningin, bedankt voor je immer 
snelle reacties en het praktische meedenken. Marloes, bedankt voor je oneindige 
interesse en enthousiasme voor foto’s en verhalen van de konijnen en kippen. 

Naast alle fijne mensen op de werkvloer, wil ik ook de leuke mensen die over mijn 
thuisvloer lopen bedanken. Brûtjes, in jullie bruisende gezelschap heb ik geen 
hersencel over om me druk te maken om werkdingen, bedankt! Lisanne, ik heb 
nog nooit iemand zo enthousiast horen roepen tegen iedereen die het wil horen 
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(of niet wil horen) ‘ik ben een nimf!’. En dat is precies waarom wij vriendinnen 
zijn. Bedankt, zuip-schaatsmaatje! Derk, neem jij 17 maart een EHBO setje mee? 
The day afters, ook al worden we nu echt oud en burgerlijk (‘waar kunnen we 
nog heen?’), met jullie is de brakke dag net zo’n groot feestje als de avond zelf. 
Ik bof enorm met zulke lieve, betrouwbare vriendinnen. Esmee, tijdens mijn 
promotie waren wij niet enkel hele fijne huisgenoten, maar ook kroegmaten, 
thuiswerkcollega’s, bootcampbuddies, konijnenbaasjes, siamees-chef-kok-duo, 
professionele organisatie van feesten en partijen, opvang voor twee mannen en 
bovenal hele goede vriendinnen. Ik vind het heerlijk dat jullie weer dichtbij wonen 
en kijk uit naar veel samen kachelen! Alma, mijn vriendschap met jou is zo’n 
steenvaste waarbij het niet uitmaakt of we elkaar nu dagelijks zien als huisgenoten 
of een tijd niet omdat we even druk zijn. Dankjewel dat je er altijd voor me bent, ik 
regelmatig een lief appje of kaartje van je krijg en het heerlijk blijft om bij te kletsen 
of gewoon samen op de bank een romkom te kijken. Lieve breezers, bedankt 
dat ik op de middelbare school bij jullie mocht afkijken want anders was deze 
PhD er nooit van gekomen. Joos, wie had ooit kunnen denken dat wij van klas-
verstorende-leerlingen-in-matchende-outfits tot doctor in het kwadraat zouden 
uitgroeien? Eens plus, altijd plus! Na bijna 20 jaar vriendschap (omg zijn we echt 
zo oud?), hebben we samen nog net zoveel lol als in de brugklas. Dankjewel dat 
ik jou nooit zat ben, je mij zo goed kent en begrijpt en altijd eerlijk zal zijn. Ik zal 
m’n paspoort klaar leggen voor de vele bezoekjes aan jullie nieuwe huis. Lieve 
hockeyteamies, wijn en spijsers, samen winnen wij elke helft! Lau, met jou beleef 
ik de beste avonturen, op de racefiets, mountainbike, het hockeyveld, in de kroeg 
of op de bank. Dankjewel dat je zo’n lief, trouw vriendinnetje bent! Flying muhs, 
wat heerlijk om mijn liefde voor schaatsen en skeeleren (en borrelen) met jullie 
te delen. Ook als mijn hoofd vol zat met werk struggles en ik geen zin had om te 
trainen, ging ik mede dankzij jullie blij naar huis. 

Naast alle lieve vrienden, voel ik mij ook gezegend door mijn familie. Paps, ik vind 
het een grote eer dat ik in jouw dr. voetsporen mag treden. Ik vind het heel bijzonder 
hoe jullie al mijn keuzes stimuleren en oneindig veel interesse blijven tonen. Qua 
marketingstrategie een chill idee dat er een professionele vlogger aanwezig is 
op mijn promotie! Mams, ik ken niemand die zo lief is als jij. Onvoorstelbaar dat 
jij (samen met paps) zoveel echte aandacht voor ons alle vier hebt. Je bent mijn 
grote voorbeeld. Tom, als eeneiige tweeling hoeven we elkaar niet dagelijks te 
zien om het altijd vertrouwd te laten voelen. Bedankt voor je vele (technische) 
adviezen en alvast voor het maken van de prachtige/wazige/wel-oké* foto’s op 
mijn promotie. Anne, wat heerlijk dat onze deuren altijd voor elkaar open staan (bij 

*   Omcirkel wat van toepassing is gebleken na 17 maart. 

A
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jullie soms letterlijk, thanks Donnie). Bij jullie voel ik me heel erg thuis. P.s. Anne, 
voor achtergebleven spellingsfouten in de samenvatting of dankwoord, verwijs 
ik iedereen door naar jou. Floor, inmiddels echt niet meer mijn kleine zusje want 
wat een speciaal idee dat jij nu werkt bij één van onze deelnemende instellingen. 
Ik geniet van jou zoals je bent (en vooral van je driehonderd uitroeptekens en 
emoticons bij elke dierenfoto die ik stuur). Lieve aanhangsels, jullie maken de 
Alsem-chaos compleet. Brecht, veldsla. Monica en Peter, wat fijn dat ik bij jullie 
altijd zo welkom ben, bedankt!

Lieve beestenboel, zonder jullie was ik een paar maanden eerder klaar geweest 
met mijn boekje. Konijnenvriendjes Mees, Miep en Guus, thuiswerken met jullie 
gezellig onder (of op) mijn bureau is duizend keer leuker (en minder productief). 
Kippenmaten, Dodo, Flügel, Scharrel en Ei, jullie groot brengen van mini kuikentjes 
tot harige kippen was de perfecte afleiding in het laatste jaar van mijn promotie! 
Lieve Ruben, jij bent de stilte in mijn storm. Door jouw ogen worden door mij 
bedachte wereldse problemen opeens nietig. Dankjewel dat je zo heerlijk 
relativerend en nuchter (qua karakter dan) bent. Ik weet zeker dat de afronding van 
mijn promotie ook van grote meerwaarde is voor jouw werk, nu ik je niet meer om 
de minuut zal storen omdat ik geen zin heb om te schrijven (sorry!). Ik ben je heel 
dankbaar voor het zijn van mijn thuis en natuurlijk voor je daadwerkelijke bijdrage 
als YourSkills websitebouwer. Mag ik dan nu een door jou gemaakte virtual reality 
omgeving op m’n verlanglijstje zetten?
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