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Aggressive behavior problems are the most com-
mon 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 neg-
ative 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 behavior therapy (CBT) can reduce aggres-
sive behavior in children (Weisz & Kazdin,  2017), but 

intervention effects tend to be modest and heterogeneous 
(McCart et al., 2006). Effects can be stronger when in-
terventions 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 vir-
tual 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 
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Abstract
This multicenter randomized controlled trial investigated whether interactive 
virtual reality enhanced effectiveness of Cognitive Behavioral Therapy (CBT) to 
reduce children's aggressive behavior problems. Boys with aggressive behavior 
problems (N = 115; Mage = 10.58, SD = 1.48; 95.7% born in Netherlands) were 
randomized 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 0.19– 0.95), and compared to CBT with roleplays for four outcomes  
(ds 0.14– 0.68). 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.
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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 po-
tential to reduce aggressive behavior (Alsem et al., 2021). 
The aim of the current randomized controlled trial is to 
investigate whether virtual reality actually enhances ef-
fectiveness 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 immer-
sion, which 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 immer-
sive and engaging than roleplay exercises currently used 
in CBT, as children do not have to rely on their mem-
ory 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 treat-
ment appreciation and their perception of the treatment's 
efficacy. Children with aggressive behavior problems 
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, & Sallee, 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 effec-
tively 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 ex-
ercises in CBT. Most current CBTs for children with aggres-
sive behavior problems are provided in groups (Lochman 
et al.,  2019). Although group treatments provide a natu-
ral 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 (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 adher-
ence, but also the effectiveness of the intervention (Hollis 
et al., 2017; Lochman, Kassing, & Sallee, 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 com-
pared 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 ag-
gressive 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 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 ef-
fective, 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. As pre- registered in the 
clinical trial register, our first primary outcome measure 
was children's aggression. Specifically, 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 role-
play 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 hypoth-
esized 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. Our primary outcome was 
treatment appreciation (called treatment motivation in 
the pre- registration). Given that children's aggression 
and treatment appreciation were pre- registered as main 
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outcomes, their analysis should be considered as confir-
matory. The other measures were later added to explore a 
broader range of potential advantages of virtual reality. 
Although these outcomes were based on previous liter-
ature and were planned in advance, they should be con-
sidered more exploratory as they were not pre- registered.

M ETHOD

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. This study was approved by the Ethics Committee 
of the University Medical Centre Utrecht and was reg-
istered in the Dutch Trial Register (NTR; https://trial 
search.who.int/Trial2.aspx?Trial ID=NL7959).

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, referred for display-
ing 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 de-
velopment, processes, and outcomes (Berkout et al., 2011; 
Fontaine et al., 2009; Underwood, 2002). Moreover, the 
intervention with girls would require different virtual re-
ality stimuli (e.g., girl avatars), which would be more fea-
sible after a first ‘proof of principal’ with only boys in the 
present study. Children with severe autism spectrum dis-
order and low intelligence level were excluded, because 
Cognitive Behavioral Therapy exercises require perspec-
tive 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 chil-
dren were excluded prior to intervention (for reasons, 
see Figure 1). Thus, 115 boys in the age range 8– 13 years 
(M = 10.58, SD = 1.44) were included in the study. In ad-
dition to aggressive behavior problems at baseline (see 

Table  2), we asked parents about children's diagnostic 
classifications, based on the criteria of the Diagnostic 
and Statistical Manual of Mental Disorders (DSM), as-
sessed by therapists when children entered the mental 
health care center. In our sample, 38 children (33.0%) 
were not classified with a disorder, 59 children (51.3%) 
were classified with one disorder, 16 children (13.9%) with 
two disorders, and two children (1.7%) with three disor-
ders. Diagnoses included attention- deficit hyperactivity 
disorder (n = 59), oppositional deficit disorder (n = 16), au-
tism 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 volun-
tary and children and parents were assured of confiden-
tial 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).

Procedure

After randomization, therapy sessions were planned by 
the therapists, who then invited researchers to conduct 
the pre- assessment 30 min 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 12 weeks later 
(i.e., the estimated average time of the YourSkills inter-
vention). Children who discontinued the treatment (n = 9) 
were invited to remain in the study so that we could con-
duct intention- to- treat analyses and overcome problems 
with missing data (White et al., 2011).

All assessments with children were conducted face- 
to- face. Children were individually interviewed in 20– 
30 min 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 
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(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 as-
sessments; 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 prob-
lems, including Coping Power (Lochman et al.,  2008) 

F I G U R E  1  Participant flow diagram.

Randomized (n=127)

YourSkills Virtual reality 
(n=40)

YourSkills Roleplay 
(n=41)

Care-as-usual
(n=34)

Pre-interven�on assessment 
40 parent data available 
40 child data available
35 teacher data available

Pre-interven�on assessment 
41 parent data available 
41 child data available
40 teacher data available

Pre-interven�on assessment 
34 parent data available 
34 child data available
31 teacher data available

Post-interven�on assessment 
35 parent data available 
35 child data available
31 teacher data available

Treatment discon�nued (n=5)
• unstable family situa�on (n=2)
• lost contact (n=1)
• other treatment needed (n=2)

Treatment discon�nued (n=6)
• unstable family situa�on (n=2)
• lost contact (n=1)
• parents not sa�sfied (n=1)
• problems solved (n=1)
• treatment no match (n=1) 

Post-interven�on assessment 
38 parent data available 
39 child data available
36 teacher data available

Post-interven�on assessment 
34 parent data available 
33 child data available
30 teacher data available

YourSkills Virtual reality 
(n=42)

YourSkills Roleplay 
(n=45)

Care-as-usual
(n=40)

Withdrawn consent (n=2)
• parents do not want to 

burden child (n =1)
• no agreement with parents 

(n=1)

Withdrawn consent (n=4)
• parents do not want to 

burden child (n=2)
• no child mo�va�on (n=1)
• other treatment needed (n=1)

Withdrawn consent (n=6)
• lost contact (n=1)
• burden for family (n=3)
• unsa�sfied with 

randomiza�on (n=2)

Analyzed: parent data (n=107), child data (n=107), teacher data (n=97)

Included in study (n=115)
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and Self- Control (van Manen,  2001). We developed a 
new treatment manual, rather than adding virtual real-
ity 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. The aim of YourSkills is to reduce children's ag-
gressive behavior problems by enhancing emotion regu-
lation and social information processing skills. Children 
practice anger recognition, anger regulation, and social 
problem solving in social interactions. YourSkills con-
sists of one 45- min introduction session with parents and 
ten 45- min 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 pre-
dictable for children. Although YourSkills is primarily 
focused on the child, it also promotes parent involve-
ment 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 role-
plays. 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 mate-
rials include 26 cards with anger- provoking situations, 
based on a taxonomy of problematic situations for chil-
dren 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– 13 years 
with aggressive behavior problems ranged from 0.5 
to 12.5 years (M = 5.72, SD = 4.07), with only one thera-
pist having less than 1 year of experience. Most thera-
pists 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, super-
vised by the first and second author and a certified CBT 
therapist. They learned to work with the treatment man-
ual, how to conduct roleplay exercises, and use the vir-
tual 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 on 
help with practical issues, rather than supervision. Few 

TA B L E  1  Background characteristics of participants included in the study.

Total (n = 115)
YourSkills virtual reality 
(n = 40)

YourSkills roleplay  
(n = 41)

Care- as- usual 
(n = 34)

Age (years) 10.58 (1.44) 10.78 (1.49) 10.48 (1.56) 10.47 (1.21)

Intelligence level 97.80 (12.18) 95.03 (11.19) 98.85 (12.41) 99.62 (12.76)

Child born in the Netherlands 95.7% 95.0% 95.1% 97.1%

Parents born

Both in the Netherlands 71.3% 72.5% 73.2% 67.6%

One in the Netherlands 14.8% 17.5% 12.2% 14.7%

Both elsewhere 13.9% 10.0% 14.6% 17.6%

Parental educational level

Low education (ISCED 0– 2) 18.3% 20.0% 19.5% 14.7%

Middle education (ISCED 3– 4) 43.5% 47.5% 39.0% 44.1%

High education (ISCED 5– 6) 38.2% 32.5% 41.5% 41.2%

Weeks pre-  to post- assessment

Parent-  and child- reports 16.85 (7.98) 17.60 (7.33) 18.32 (10.41) 14.44 (4.36)

Teacher- reports 17.79 (9.26) 18.30 (8.15) 19.17 (11.36) 15.55 (7.07)

COVID- 19 lockdown

Finished before lockdown 9.6% 12.5% 2.4% 14.7%

In lockdown during study 18.3% 17.5% 19.5% 17.6%

Started after lockdown 72.2% 70.0% 78.0% 67.6%

Abbreviations: ISCED, International Standard Classification of Education (UNESCO, 2012).
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therapists used the opportunity for consultation, and 
most questions concerned exclusion criteria for study 
participation or technical questions about the virtual re-
ality equipment (e.g., the laptop is not starting).

Therapists managed to carry out almost all session 
elements of YourSkills (virtual reality: M = 98.6%; role-
play: 97.1%; for a session description, see Alsem et al., 
2021). Therapists indicated that children practiced more 
than the recommended 10 min per session (virtual real-
ity: M = 11.8 min, 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 (vir-
tual 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 de-
scribing anger- provoking situations. The virtual reality 
environment consists of a classroom, a schoolyard, and 
a living room (for an impression, see Figure 2). Children 
wore an Oculus Rift S headset, a noise canceling head-
phone, and they held controllers in both hands, allow-
ing 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 televi-
sion) 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 char-
acters' 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 vir-
tual reality version, except that children did not practice in 
virtual reality but in roleplays. Therapists used the cards 
describing anger- provoking situations to roleplay chal-
lenging 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 ac-
tive engagement of children during the roleplays.

Care- as- usual

Children in the care- as- usual group received the usual 
care provided by the clinical institutions. Trained thera-
pists 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 vari-
ety 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 chil-
dren also received medication (virtual reality: n = 6; role-
play: 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).

TA B L E  2  Pre- intervention assessment and post- intervention assessment means (M) and standard deviations (SD) of the outcome variables 
for the YourSkills virtual reality group, YourSkills roleplay group, and the care- as- usual group.

YourSkills virtual reality YourSkills roleplay Care- as- usual

Pre- test Post- test Pre- test Post- test Pre- test Post- test

M SD M SD M SD M SD M SD M SD

Aggression frequency parents (IRPA) 1.91 0.59 1.70 0.43 2.12 0.64 1.84 0.63 1.93 0.66 1.91 0.58

Aggression frequency teacher (IRPA) 2.03 0.70 1.77 0.63 2.04 0.88 1.93 0.83 1.99 0.71 1.92 0.72

Aggression frequency child (IRPA) 1.82 0.56 1.67 0.48 2.00 0.69 2.04 0.71 1.97 0.74 1.82 0.63

Weekly aggression parents 2.58 0.74 1.78 0.54 2.57 0.90 2.29 0.78 2.48 0.86 2.38 0.80

Weekly aggression child 1.99 0.94 1.62 0.57 2.14 1.15 1.77 0.67 2.10 1.01 2.28 1.10

Aggressive behavior parents (CBCL) 15.91 6.30 11.83 4.71 17.63 6.80 13.90 6.80 16.94 7.27 13.82 5.71

Aggressive behavior teacher (TRF) 17.37 10.35 13.77 10.24 17.17 10.44 14.61 10.67 16.38 10.89 14.45 10.45

 Abbreviations: CBCL, Child Behavior Checklist; IRPA, Instrument for Reactive and Proactive Aggression, TRF, Teacher Report Form.
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During the study period, 50% of the 34 families in 
the care- as- usual group participated in treatments spe-
cifically aimed at decreasing children's aggressive be-
havior problems. The other families indicated that they 
did not participate in a treatment specifically aimed at 
these problems. Of the 17 children participating in rou-
tine care, 14 participated in some form of individual 
therapy covering on average 9.3 sessions (SD = 5.4). 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 ses-
sions, 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 meas-
ures for other purposes, which are not reported here.

Children's aggressive behavior

To obtain a comprehensive picture of changes in chil-
dren'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, pro-
viding different information on children's aggressive be-
havior. First, we assessed aggressive 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 re-
port measure assessing children's aggression in the past 
week (Alsem et al., 2022), allowing us to capture short- 
term changes in aggression, directly after the interven-
tion 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 be-
havior 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 

F I G U R E  2  Virtual reality classroom, living room and schoolyard environments.
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to examine (sub)clinical levels of aggression, and calcu-
lated 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 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 inter-
nal consistency, convergent, and concurrent validity in a 
previous study (Alsem et al., 2022). The internal consist-
ency in the current study was adequate for both parents 
and children at pre-  and post- assessment (αs .75– .79).

Measures assessing the potential benefits of 
virtual reality

To investigate the potential benefits of virtual reality as 
treatment method for children with aggressive behav-
ior 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 en-
gagement while practicing in the virtual reality or role-
plays on three items (i.e., “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 im-
mersion during virtual reality or roleplays (i.e., “I/the 
children was/were completely immersed in virtual real-
ity/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 consisten-
cies 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 treat-
ment 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 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 2 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 ad-
vantage 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 hy-
pothesis 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 
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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 hypothe-
sis 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 hypothe-
sis 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 real-
ity 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 ver-
sion 0.15.0.0 with the Bain package (Hoijtink et al., 2019; 
Marsman & Wagenmakers, 2017).

Before we statistically tested our hypotheses, we ex-
plored 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 percentile), subclinical range (T- score 
65– 69, 94– 97th percentile), or clinical range (T- score > 69, 
>97th percentile). We defined clinically relevant improve-
ment 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 pre-
diction that post- intervention levels of aggression were 
lower than pre- intervention levels against the contrast-
ing prediction that pre-  and post- intervention aggression 
levels were equal. As our analysis included two parame-
ters (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 ex-
pected directions against the complementary hypothesis 
(e.g., for hypothesis 1c: that the mean differences on ag-
gression 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 engage-
ment, (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. 
Thus, our data did not refute the null hypothesis that the 
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 con-
duct 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 treat-
ment 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% miss-
ing; see Figure 1). To check whether listwise deletion may 
have biased our results, we conducted a robustness check 
using single imputation for our aggression measures 
(note that multiple imputation is not possible within 
JASP). Conclusions from these analyses were the same as 
reported here (see Supplementary Material).

RESU LTS

Preliminary analyses

Pre- intervention group differences

To check whether randomization was successful, we ex-
amined 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 favor-
ing 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 dif-
fer 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 
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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.

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 subclinical to the normal range for the YourSkills 
virtual reality group, and from the clinical to the subclini-
cal range for the other two groups. Teacher- reported ag-
gression also decreased in all three groups, but all 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 aggres-
sion, most children improved in the YourSkills virtual re-
ality 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– 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– 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%).

Overall decreases in aggression

We used Bayesian paired sample t- tests to explore de-
creases 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 

F I G U R E  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

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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(Table  3). It was at least 187 times more likely that 
YourSkills outperformed care- as- usual than not ac-
cording 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 fa-
vored 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– 8 times more likely ac-
cording 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).

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– 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 re-
ality 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 chil-
dren 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, accord-
ing 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 

F I G U R E  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).
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48,6

39,5

26,5

42,9
50,0

64,7

8,6 10,5 8,8

0

10

20

30

40

50

60

70

80

90

100

YourSkills
Virtual Reality

YourSkills
Roleplay

Care -as-usual

Pe
rc

en
ta

ge
 o

f c
hi

ld
re

n 
(%

)

23,3
30,6

17,2

66,7
61,1

65,5

10,0 8,3
17,2

0

10

20

30

40

50

60

70

80

90

100

YourSkills
Virtual Reality

YourSkills
Roleplay

Care -as-usual

Improved
No change
Deteriorated

 14678624, 2023, 6, D
ow

nloaded from
 https://srcd.onlinelibrary.w

iley.com
/doi/10.1111/cdev.13966 by C

ochrane N
etherlands, W

iley O
nline L

ibrary on [15/01/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



   | 355TREATING CHILD AGGRESSION USING VIRTUAL REALITY

than children in the roleplay group, according to them-
selves (BF = 13.93, d = 0.35), their therapists (BF > 100,000, 
d = 1.23) and their parents (BFs = 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 per-
ceived virtual reality as more effective than roleplays 
(BFs = 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).

DISCUSSION

The present multicenter randomized controlled trial ex-
amined 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 real-
ity 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 aggres-
sion (ds .59– .95) and small- to- medium for measures as-
sessing 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.

Our findings provide the first indication that inter-
active 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 clini-
cally relevant improvements in children's aggression, and 
parent- rated average aggression scores decreased from 
subclinical 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 T
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enhancing treatment appreciation has been related to in-
creases in treatment effectiveness (Lochman, Kassing, & 
Sallee, 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 role-
plays 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 infor-
mation 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 so-
cial 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 au-
tomatic mode more so than roleplays, as children prac-
tice in realistic environments and do not have to rely on 

F I G U R E  5  Pre-  to post- intervention aggression reports of parents, teachers, and children for the YourSkills virtual reality group, 
YourSkills roleplay group and the care- as- usual group.
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their memory or imagination (Park et al., 2011), trigger-
ing the reflective mode.

Although our results provide first indications that 
both virtual reality and our newly developed CBT proto-
col outperformed care- as- usual, we did find marked dif-
ferences between outcome measures. Effects on measures 
assessing aggression in the past month (i.e., CBCL/TRF 
and IRPA) were generally smaller than effects on mea-
sures assessing aggression in the past week (i.e., weekly 
aggression measure). We propose three explanations for 
this discrepancy. First, we used measures that were val-
idated 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 et al.,  2022). Third, 
questions concerning a longer time period may be more 
strongly affected by the ‘halo effect’: a generalized im-
pression 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 de-
veloped about children with behavior problems (DeVries 
et al., 2017).

Effects of CBT with virtual reality also differed be-
tween 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 sup-
port 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 interven-
tion 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 addi-
tive 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 en-
hanced effectiveness of virtual reality in terms of likeli-
hood, which is relevant for clinicians who have to decide 
under uncertainty which treatment is most likely to be 
effective.

TA B L E  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 71,293.20 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 0.91 176,419.75 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]

Abbreviations: CI, confidence interval.
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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 influ-
enced by smaller sample sizes (i.e., lower Bayes fac-
tors 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 ag-
gressive 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 treat-
ment received by children in routine care in clinical 
centers in the Netherlands. Third, we were not able to 
obtain information about the therapists that provided 
care- as- usual within the clinical institutions. As such, 
we were unable to examine whether care- as- usual ther-
apists had the same level of experience and training 
as the therapists providing the YourSkills treatment. 
Although therapists in both conditions came from the 
same clinical institutions, it is possible that therapists 
signing up to provide YourSkills differed from the 
ones who did not (e.g., more enthusiasm or experience). 
Fourth, 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 
as 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 withdrew consent after randomization 
(n = 6). This was inevitable, given the ethical require-
ment 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. Fifth, we did not assess inter-
vention integrity. It is possible that therapists favored 
one version of YourSkills over the other, causing dif-
ferences between conditions. Future research could 
assess intervention integrity by adding direct obser-
vations (e.g., videotapes of treatment sessions). Sixth, 
we used listwise deletion to deal with missing data, 
which could have biased the results. Yet, a robustness 
check using imputed data for the aggression measures 
yielded the same conclusions.

Our findings open up promising directions for future 
research. First, our study provides promising first in-
dications 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 ex-
amine 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 bene-
fit 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 informa-
tion 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 ex-
amine therapist effects and for example investigate the 
influence of therapeutic alliance or years of experience 
on treatment outcomes (Karver et al., 2018).

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 emo-
tional 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 ag-
gressive behavior problems.
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