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CHAPTER 7

General discussion
Over the past two decades, research on virtual reality (VR) and mental health has been rapidly
expanding. Many studies have shown the potential of VR, though further development is
strongly needed. With this thesis, we aimed to increase knowledge on the use of VR for mental
healthcare. This was done by performing experimental research as well as investigating
the effects of a novel VR-based cognitive behavioral therapy (VR-CBT) in patients with a
psychotic disorder and generalized social anxiety disorder (SAD). In this final chapter, an
overview and discussion of the main findings will be provided.

Main findings
In Chapter 2 we used a new VR paradigm to examine whether people with higher psychosis
liability keep larger interpersonal distances to others when moving through a virtual café
and whether social stressors - in terms of crowdedness, hostility and being of an ethnic
minority – influences this distance. Results showed that interpersonal distance regulation
in response to social stressors is unaltered in people with psychosis or at ultra-high risk for
psychosis. Environmental social stress, social anxiety and distress triggered both people
with high and low psychosis liability to maintain larger interpersonal distances.
Chapter 3 investigated the validity of facial emotions of avatars in 100 healthy individuals.
The VR emotion recognition task was compared with two conventional tasks using black
and white photos and videos. Results showed that performance was very similar between
the three tasks. Furthermore, eye-tracking revealed differences in watching behavior across
emotions, similar to findings in literature using real faces. These findings support the utility
of VR emotional stimuli for assessment and training of emotion recognition.
In Chapter 4 we examined the effectiveness of a 16-session VR-CBT intervention in 116
paranoid patients with a diagnosis of a psychotic disorder in a multicentre randomized
controlled trial (RCT). The intervention was particularly effective in decreasing paranoia
and safety behavior, both at post-treatment and at 6-month follow-up as compared to the
waiting list. However, no increase in social activity was found during the study period.
In Chapter 5 we zoomed in on the effects of VR-CBT on positive and negative mental states
in daily life, as assessed with the experience sampling method (ESM). VR-CBT significantly
decreased negative affective mental states over time but did not increase positive affect.
Furthermore, we explored whether VR-CBT may alter the temporal dynamics between
negative mental states and paranoia using a network perspective. Interestingly, limited
connections were present between paranoia and negative mental states, even at baseline.
Thus, no cascade of mental states reinforcing each other was observed. However, mental
states mainly reinforced themselves over time. We found preliminary indications that VRCBT might impact this self-reinforcing mechanism for paranoia.
Chapter 6 examined the feasibility and preliminary effectiveness of VR-CBT in fifteen
patients with generalized SAD. We used the same treatment protocol as the RCT for patients
with a psychotic disorder. The results of this uncontrolled pilot study showed that VR-CBT
is feasible. Findings suggest that VR-CBT can be effective in reducing anxiety (measured
both with questionnaires and ESM) as well as depression, and can increase quality of life.
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Integration of findings
VR for assessment and understanding of social behavior in psychiatric disorders
It has long been hard to experimentally take into account social environmental factors in
research and assessment due to methodological issues. With VR technology we can recreate
(social) events in controlled laboratory settings. Herewith VR broadens possibilities in two
ways: by providing more ecologically valid tasks to measure (social) behavior and by enabling
studying of person-environment interactions.
A need for assessing social processes with more ecologically valid measures has been
expressed 1. Questionnaires and conventional tasks often cannot take into account the
multimodal, contextual, and dynamic aspects of social behavior, and may not sufficiently
resemble the complex real-world experiences they aim to measure 1. This may also be
reflected in the lack of generalizability of several social cognition and social functioning
measures to real-life behavior and functioning 2.
Increasingly more studies use VR to study person-environment interactions. Standardized
presentation of VR environments enables differentiating between objective characteristics
of the context and an individual’s interpretation of that context 1. Research has shown
that VR surroundings can elicit thoughts, feelings and provoke psychiatric symptoms
such as paranoid ideations 3–5. Consistent with these studies, we demonstrated that social
environmental stressors (i.e., crowded environment, being of ethnic minority and hostility)
can trigger anxiety and distress, and that such stressors influence the distances people
keep to others (Chapter 2). Similarly, Dotsch and Wigboldus showed with a VR ethnic
minority paradigm that Caucasian people maintained more distance when approaching
North-African avatars as opposed to Caucasian avatars 6. These studies are examples of
social stress paradigms, though more variation in stress paradigms is needed. For example,
paradigms using both social and non-social stressors, such as noise in the environment
or a chaotic environment, can help distinguish between different types of stressors
and their impact on thoughts, feelings and behavior in relation to psychiatric disorders.
Our study also demonstrates that the methods we use influence and arguably limit
results. Contrary to previous findings, we did not find people with psychosis to keep larger
interpersonal distances to others. A difference with previous research is that we could
measure interpersonal distance implicitly in VR, or in other words, without people knowing
that the behavior is being measured or of interest. Previous research used retrospective or
explicit measures, such as questionnaires or tasks (e.g., drawing this preferred distance to
others). This suggests that how we think we act, is not always translatable one-to-one to
how we behave. Therefore, for studying – and ultimately influencing - social behavior VR
technology seems of major importance. These findings also advocate for validation research
in the field of social behavior, as we demonstrated that VR experimental paradigms can yield
different results than conventional paradigms.
Though the type of paradigm can influence results, traditional and VR paradigms can also
yield similar results. We showed that emotions in virtual faces are recognized similarly to
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real faces (Chapter 3). This is of importance for future interventions and research using
“emotional” avatars, as it indicates that emotions of virtual faces can be used as stimuli.
Currently, several research groups are using these stimuli amongst others for VR-CBT in the
Netherlands, Belgium, Sweden and the USA 7,8.
Interestingly, for emotion recognition, we also found preliminary indications that the
environment might influence this process. In a healthy population sample, more attention
was directed to the eyes when recognizing emotions in a crowded shopping street. This could
indicate that when the environment gets more demanding of cognitive load, attention gets
directed more to the area – the eye region – which is overall most informative for emotion
recognition 9,10. For patients with a neurologic or psychiatric condition, the environment is
expected to be more demanding, due to impairments in cognition and attention. Therefore
we would expect adverse effects of environmental factors on emotion recognition to be more
pronounced in these populations, but further research is needed to test this. Such information
is of relevance for how we train emotion recognition skills, as current interventions often use
isolated faces as stimuli, even though in real life recognition takes place in highly complex
and demanding situations.
Effectiveness of VR-CBT in psychosis and social anxiety
After VR-CBT patients experienced less anxiety, paranoid ideation, and a decrease in the
use of safety behavior in social situations (Chapter 4 and 6). These findings are consistent
with the research of Freeman and colleagues which is the only other study investigating VRCBT in patients with a psychotic disorder 11. They found in a randomized pilot (n = 30) that
6-session VR-CBT was effective in treating persecutory delusions. Patients with a psychotic
disorder were immersed in a VR train and lift environment where they tested threat beliefs
while dropping safety behavior. In comparison to VR exposure therapy, VR-CBT led to
large reductions in paranoia and distress in the real world as assessed with real wold tasks
patients found difficult (e.g., going into a shop). Thus both Freeman’s and our trial showed
large improvements in paranoia and a transfer of benefits to real life. Recently, Pot-Kolder
et al. investigated the short-term cost-effectiveness of VR-CBT in the psychosis sample
of our RCT. VR-CBT was found to be an economically valid and cost-effective approach for
improving patients’ health 12.
Regarding (generalized) social anxiety two RCTs tested immersive VR interventions using
exercises with semi-structured scenarios 13,14. Kampmann and colleagues showed that VR
exposure therapy (using solely behavioral techniques) was effective in reducing social anxiety
and stress in patients with generalized SAD (n = 60) 14. However, in vivo exposure therapy was
superior to VR exposure therapy in improving social anxiety, general anxiety, depression and
quality of life. Bouchard et al. found VR-CBT to be more effective compared to CBT with in
vivo exposure (n = 59) 13. Further, therapists found VR-CBT more practical, and therapeutic
alliance, an aspect related to treatment outcome, was similar for both interventions.
In general, meta-analysis and reviews on SAD show that VR therapies result in large effect
sizes when compared to a passive control condition or waiting list. However, compared to
active control conditions, such as in vivo exposure, similar effectiveness is mostly found 15–17.
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This actually tends to be the same for all kinds of anxiety disorders. Carl and Stein conclude
in their meta-analysis that when VR therapy is more accessible or preferred, VR therapy can
be considered an acceptable and effective alternative 16.
Another important factor to take into account when looking at treatment efficacy is time.
A meta-analysis investigated the relationship between time and CBT treatment effect size
from 1998 until 2018 18. A positive relation between the calendar year and CBT effectiveness
for delusions was found, indicating that the effect increased over time. For VR mediated
therapies with continuously on-going developments, a similar trend may occur as technical
possibilities are increasing rapidly. Developments permit application of new intervention
techniques and improvements in software and hardware will result in higher realism and
immersion. Such technological improvements are likely to increase treatment efficacy over
time.
VR-CBT and social functioning
We expected that if people experience less anxiety during social encounters and avoid less
social situations – as practiced in VR – social functioning would also improve. However,
VR-CBT did not impact social activity or loneliness in patients with a psychotic disorder
or generalized SAD. These two facets of social functioning are important, as limited social
contacts and loneliness can form a large burden 19.
Possibly more time is needed than the 6-month duration of the studies in this thesis
before treatment effects translate into having more social encounters. Alternatively, we
operationalized social activity as the proportion of occasions participants were in the
company of others when the ESM app signaled. In hindsight, this was not optimal as in
practice, we only knew if people were in company during those ±25 minutes a day that
people were completing the diary.
Loneliness did not improve either. Loneliness is more strongly related to subjective aspects
of social isolation than objective indicators of solitude 20. Ludwig et al (2019) examined the
relationship between loneliness and symptoms, social cognition and functional outcomes 21.
They found that self-reported loneliness in psychosis was most strongly related to guilt and
self-esteem, and was also associated with depression and paranoia. Therefore they suggest
that interventions for loneliness should incorporate techniques to improve several of these
factors 21. With VR-CBT we solely targeted paranoia, which may explain the lack of effect.
In short, VR-CBT was insufficient for improving social functioning. As causes of problems
in social functioning are often multiple, interventions probably need to be multifaceted as
well. Lincoln et al report in their systematic review on CBT for paranoia and hallucinations
that targeted CBT focusing on specific symptoms (such as our VR-CBT studies) have higher
effect sizes compared to generic CBT that is not symptom focused 22. Therefore they suggest
that evidence-based targeted CBT interventions should be seen as modules that can be
combined into more comprehensive therapies. Using a modular approach the content can
be adapted according to the individual’s needs 23.
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VR-CBT working mechanisms in psychosis
In this thesis, we used two different perspectives to investigate the potential working
mechanisms of VR-CBT. We investigated mechanisms with mediation analysis (Chapter 4)
and temporal mental state networks (Chapter 5). In accordance with literature, dropping of
safety behavior was found to be a crucial factor for reducing paranoid ideation (explaining
34% of the change in paranoid ideation) 11,24. Freeman et al. investigated whether testing
threat predictions of persecutory delusions and dropping safety-seeking behavior in VR
would lead to a greater reduction in paranoid ideation than VR exposure alone 11. Indeed,
dropping of safety behavior, rather than solely exposure to the feared environment, led to
large reductions in paranoid ideations and distress.
Breaking down safety behavior contributes to recovery, as this behavior prevents the
development of new experiences and associations. VR is especially suitable for breaking
down such behaviors because within the first therapy session most patients are exposed to
(VR) environments they usually avoid. Thus in this first session, people start working already
on breaking down safety behavior such as avoidance. Further, self-reported social cognition
mediated the effect of VR-CBT on paranoid ideation. This improvement in social cognition
may be caused by actively challenging cognitions during sessions, or as a secondary effect
of safety behavior breaking down, causing people to process social information more
adequately.
Zooming in at momentary mental states, no strong temporal associations (within a
±90-minute timeframe) were found between feeling paranoia, lonely, down, anxious and
safe. Further, relations between mental states did not change after VR-CBT. Mental states
mainly maintained themselves, but there were indications that VR-CBT may intervene in this
process, bringing flexibility into mental states. No similar studies in patients with a psychotic
disorder are available for comparison as this is a relatively new field. Although the association
between negative affect and paranoia is well documented 4,25–29, our findings suggest
that moment-to-moment changes in affect do not play a major role in the persistence of
paranoia. In contrast, safety behavior and a better understanding of social interactions are
of importance for reducing paranoia.
Investigating working mechanisms also brings statistical challenges. We used mediation
analysis to investigate the potential working mechanisms of VR-CBT. However, the temporal
order of the mediation analysis was based on the assumed mechanisms of VR-CBT but
reversed direction of causality cannot be ruled out. Further, in statistical analysis we cannot
enter an endless number of variables. Therefore a priori choices had to be made, and we
could only investigate a limited number of factors when investigating working mechanisms.
Beyond diagnosis: transdiagnostic approaches
VR-CBT was effective in both patients with a psychotic disorder and SAD, and results were
remarkably similar. Further, in both disorders anxiety and paranoia are common, which
advocates for transdiagnostic approaches. Transdiagnostic use of VR interventions seems
appropriate as VR surroundings and the content of interventions can be personalized to great
extent. Especially for symptom-oriented interventions, we could move beyond diagnoses
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and future symptom-oriented trials could broaden inclusion criteria, or have no inclusion
criteria regarding specific disorders at all 22. Similar approaches have already been adapted
for hallucinations 22.
Next-generation VR
Whereas in this thesis VR therapy was provided by a trained psychologist, recently two
trials started investigating automated VR interventions for paranoia 30–32. For public speaking
anxiety, self-led VR interventions have already been tested. Lindner and colleagues showed
that a single session of self-led VR exposure therapy was equally effective as a therapist-led
intervention, with sustained effects at 6-month follow-up 33.
Although the presence of a therapist is of importance to provide therapy for complex
problems, standalone interventions using scripted dialogues and virtual coaches will
be needed to scale-up the delivery of psychological therapy 22. In the Netherlands, less
than 5% of patients with a psychotic disorder receive CBT, even though Dutch psychosis
care guidelines state CBT as standard care that should be available for everyone
34
. Reasons for this are the limited number of CBT-trained psychologists, and most
psychologists who are trained spent only a small proportion of their time on CBT 35.
Many studies for anxiety used VR as a tool for exposure, especially in the first generation
interventions VR was used to mimic real-world situations. However, the potential of VR goes
far beyond the augmentation of VR as an exposure tool as has been shown e.g., by VR-CBT
trials. With VR activities can be carried out that are impossible or infeasible. For example,
the latest advancements enable patients to roleplay with avatars and afterward replay the
conversation from the perspective of each interlocutor or as an outsider. This can be helpful,
as it can provide insights into interactions and can also show e.g., whether you make eye
contact. Also, this provides new opportunities for providing feedback.
Another development that can facilitate learning by looking directly from someone else’s
perspective is referred to as embodiment or body ownership 36–38. Slater explains embodiment
as follows: “embodiment can occur when someone sees a life-sized virtual body substituting
her or his own, from a first-person perspective. This virtual body can be programmed to
move synchronously with the participant’s real body movements, thus leading to the
perceptual illusion that the virtual body is her or his actual body” 38. Often a mirror in the
virtual surrounding is used so that someone can observe his/her virtual body. In his review,
Slater explains that embodiment can result in changes in attitudes, perception and cognition
and behavior through implicit learning 38.
For example, Osimo et al. induced cognitive changes by letting people explain personal
problems to a therapist avatar resembling themselves or Sigmund Freud 39. People alternately
switched between themselves receiving therapy, and the therapist avatar thus offering
themselves therapy. When the therapist resembled Freud, the mood of participants improved
more as compared to the self-resembling therapist avatar. Therefore, Osimo et al. suggest
that embodied perspective-taking can cause detachment from habitual ways of thinking and
can lead to cognitive changes.
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Limitations
The research of this thesis should be interpreted in light of several limitations. As for each
chapter limitations have been discussed already, only general limitations will be described here.
First, participants included in the studies may not be fully representative. Concerning the
VR-CBT intervention (Chapter 4-6), the most severe and avoidant patients probably did not
participate as these patients tend to avoid treatment. This limits the generalizability of our
findings. More mobile VR systems that can be used at home could provide a solution for
these most avoidant patients to lower thresholds to engage in therapy.
Second, we did not compare VR-CBT to an active control group in neither the RCT nor the
pilot study. This limits the claims we can make about the effectiveness of the intervention.
Positive effects may have partly derived from the increased amount of contact with therapists.
Third, the follow-up period for VR-CBT was restricted to six months. Longer follow-ups are
needed to provide more information on the enduring effects of the intervention, as well as
secondary effects. Secondary effects, such as increased social networks or improvements in
social and occupational functioning, may take place even after the six-month follow-up period.
Fourth, we mainly used self-report measures to establish the efficacy of VR-CBT. Although
ESM is a special form of self-report that does not suffer from recall bias, more objective
measures would be recommended for future research 1. For example, (social) activity levels
could be measured with smartwatches or smartphone applications such as Behapp 40–42.
Behapp passively monitors social behavior in terms of social interactions performed with a
smartphone (amongst others the number and duration of calls and WhatsApp use) and keeps
track of locations through Bluetooth and GPS. Furthermore, reports from family, friends and
staff could contribute to measuring social functioning.
Fifth, the VR paradigms had limitations. VR is not ‘real’, and VR environments still cannot
completely resemble real-world situations, especially regarding social behavior. For example,
social interactions were limited in VR-CBT as sentences had to be pre-recorded. Therefore,
interactive conversations or roleplaying was not possible. Both participants and therapists
experienced this as a strong limitation. Furthermore, although the emotion recognition task
was performed in a VR shopping street with avatars, next to gaze and turning towards the
participant there was no (verbal) interaction with the avatars (Chapter 3). This contrasts
with real situations where emotional states are often estimated during conversations.
Finally, the paradigm for measuring interpersonal distance was rather complex (Chapter
2). Choices had to be made on how to define interpersonal distance, as it was measured
continuously. Thus the complexity of VR environments also brings new measurement
challenges. On the one hand, we need complexity, as it resembles real-world situations
better, on the other hand, gathered data must remain meaningful. Finally, in this interpersonal
distance paradigm only social stressors were included and no non-social stressors such as
noise. This would have improved the research paradigm and enable differentiating effects
between types of stressors.
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Future research directions
VR as a tool for clinical assessment
An underdeveloped field is the use of VR as a clinical assessment tool

. VR assessment
has been described as very promising as it enables assessment within a context as opposed
to self-report and behavioral tasks in laboratory settings. 44,46. Despite these prospects,
most VR symptom studies for psychotic and anxiety disorders have been conducted to
validate VR environments or to gain knowledge, but not for diagnostic purposes. There is
a promising strand of VR research assessing paranoia, cognitive and social functioning in
psychotic disorders 44,47. However, this research mainly shows that psychiatric symptoms can
be assessed in VR. Development of diagnostic tasks and studies on the reliability and validity
are needed 44,47.
43–45

Concerning our research, the VR emotion recognition task (Chapter 6) needs to be tested
in patient samples in which emotion recognition problems are common, such as patients
with psychosis, autism and neurological damage, to assess the reliability and validity. Also,
research on the cognitive and neural mechanisms underlying the processing of virtual and
real emotional faces is needed. Herewith it can be established whether the processing of
virtual and real emotional faces is similar, which will be relevant for future assessments and
interventions targeting emotion processing.
Integration of VR with other technologies
The integration of VR with other technologies could enormously advance the field. For
example, the use of tactile feedback or VR gloves will allow people to see their hands in
VR and interact with virtual objects. This can enable more gamified applications as well as
embodied interventions. Gamified VR can enhance therapy engagement and potentially the
efficacy of interventions.
Furthermore, incorporating physiological measures could provide researchers and therapists
with objective measures during VR sessions. Measuring physiological distress through
hearth-rate variability (HRV) could form a valuable addition to psychiatry. Targeting stressregulation with HRV has been piloted in several biofeedback interventions and was found
to be promising for paranoia and stress adaptation in psychosis patients 48–50. Next to ECG,
recent studies showed that HRV stress levels can also be derived from the pupil diameter
51,52
. A benefit of pupil measures is that eye-tracking can be integrated into head-mounted
displays and no extra wearables are needed.
VR-CBT: the next steps
Although the effects of VR-CBT were positive, it also revealed improvements for the
intervention. First, future research needs to incorporate options for flexible dialogues with
avatars which will enhance personalization 15. This is a crucial improvement as treatment goals
in patients with social anxiety and psychosis often concern situations in which interaction
takes place. Furthermore, incorporating avatars that show more mood states than neutral
and hostile, as well as gestures, will improve possibilities for therapists to create real-like
social situations. Future research should also (unlike the studies in this thesis) incorporate
106

CHAPTER 7

homework since a meta-analysis on attrition of VR exposure therapy for anxiety found that
homework was the best predictor for non-attrition 53. Thus, homework may improve efficacy
by reducing drop-out and by stimulating practicing new behavior in the real world. Which
also has an additional advantage as real-world practicing also promotes generalization.
The next step will be to compare VR-CBT to conventional CBT. This is needed to replicate
our findings and to investigate whether VR-CBT is more effective, efficient (i.e., are fewer
sessions needed for a similar effect) and/or cost-effective in comparison with conventional
CBT. Recently, a multicentre RCT has started to investigate this in patients with a psychotic
disorder (TOPIC; Dutch Trial Register: NL7758). Furthermore, studies with follow-ups longer
than 12 months are extremely rare for VR interventions. Follow-ups focussing on the stability
of results in the long term are strongly needed 43.
Network perspective of mental states in psychosis
A relatively recent perspective on psychiatric disorders is the network perspective. In short,
it entails that mental states or symptoms can activate each other, like nodes in a network
. Concerning mental states in psychiatric disorders, a dysfunctional cascade may exist of
mental states triggering each other 54–56. We did not find evidence to confirm this on a group
level for paranoia in psychosis patients who participated in the VR-CBT trial. This may be
caused by the large heterogeneity between patients in terms of symptoms and functioning,
which questions the usefulness of network analyses on a group level for psychosis patients.
54

Alternatively, different mechanisms may be involved. We found indications that mental
states may be mainly self-maintaining. Therefore, based on our findings we formulated two
hypotheses on the maintenance of mental states in psychosis, in particular paranoia. The
first hypothesis states that mental states such as paranoia are mainly self-maintaining in
individuals with a psychotic disorder as indicated by high autocorrelations of mental states
over time. The second hypothesis states that mental states in daily life, once activated, may
recover more quickly after treatment and regain flexibility as a consequence of the therapy.
Future research is needed to investigate these hypotheses.

Clinical Implications
VR-CBT intervention
This thesis shows that paranoia and social anxiety can be effectively treated with VR-CBT
and that VR-CBT can induce changes in daily life. Even though practicing in daily life was not
a part of the intervention, therapeutic effects did generalize to everyday life. The results of
this thesis also emphasize the importance of intervening on safety behavior in patients with
a psychotic disorder and thus intervening on a behavioral level.
To improve social functioning, targeted CBT for several domains seems to be needed.
A modular approach would be suited for this. Using an individually tailored case formulationdriven approach and combining evidence-based interventions e.g., for social cognition,
paranoia, hallucinations and insomnia may together result in improvements in social
functioning, one of the most important fields of recovery for patients 22,57.
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Our findings also had practical implications. First, in response to the experiences of patients
and therapists the VR-CBT software has been improved. VR environments and avatars have
gained in realism and dynamic conservations with an avatar or even a group of avatars
are now possible by using a microphone and a speech scrambler 8. Improvements have
been made in (mixed) emotions and gestures of avatars, the usability of the software and
the quality of graphics. See Fig 1 for screenshots of the 2014 VR environment (used in
Chapters 4 and 6) and of the VR-CBT software released in 2019. Interestingly, although
high realism of VR seems of importance, the 2014 software already produced good results.
This indicates that high-end VR graphics are not per se necessary for therapeutic effects.

Fig 1. 2D screenshots of a 2014 VR bus environment and a 2019 VR café environment. (Source: CleVR).

Dissemination of VR technology
Dissemination of VR mediated interventions and eHealth innovations in general for mental
healthcare has proven to be tough. Several obstacles have been identified such as high
costs, technical obstacles, reservations against technology, limited treatment indications
and therapists found VR difficult to apply due to a lack of training 43,58,59.
Because VR-CBT was found to be effective, several steps were undertaken for dissemination.
GGZ Delfland (participating center of the VR-CBT trial), health insurer DSW and VR company
CleVR submitted an innovative care performance application for VR-CBT at the Dutch
Healthcare Authority (Nederlandse Zorgautoriteit; BR/REG-17163). This application was
approved for a pilot period of two years. In practice, this entails that VR-CBT can be reimbursed
by health insurance companies in the Netherlands and that the hourly compensation is
higher for VR-CBT than regular CBT to compensate for VR equipment costs.
Education for mental health care professionals is also needed for implementation. Options
for this can be VR-specific training for licensed psychologists, but also including this subject
in postmaster education. Furthermore, participating in scientific trials as a mental health
care institution can be a good way for knowledge dissemination. This stimulates personnel
to become familiar with the technology in a more structured fashion. Currently, in the
Netherlands, training for VR-CBT and other VR mediated interventions are provided by our
research group (www.vrmentalhealth.nl).
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The above-mentioned steps were important for implementation. An improved version of
the VR-CBT intervention used in this thesis is commercially available. This was another
implementation factor: working together with a commercial partner (CleVR) for the
development and implementation, who are also able to provide technical support. Currently,
25 different mental health care institutions in the Netherlands are using VR-CBT software.

Concluding Remarks
The research in this thesis shows that VR is an extremely helpful tool that has added value
in the field of mental health in multiple ways. VR provides new options to perform research,
assessments and interventions in ecologically valid environments. The results of our VR-CBT
studies are promising, though further research is needed to confirm the efficacy and costeffectiveness. VR is a continuously progressing field that has not reached its full potential yet.
More research, as well as education of healthcare professionals, is needed and innovations
such as stand-alone VR sets which people can use at home, will be essential for the future.
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