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ARTICLE INFO ABSTRACT

Keywords: The interest in using immersive Virtual Reality (hereafter referred to as VR) for clinical interventions in (mental)
Virﬂ‘_"% feali‘y health care settings has been growing for adults, as well as adolescents and children. However, VR systems and
F ‘;l‘f‘l‘;blmy evidence-based VR-software have not specifically been built for minors. To develop a potentially effective clinical
Chi VR intervention for children and adolescents, it is crucial to assess the motivation for and the feasibility of the VR
Mental health . . . .

Motivation software and the respective VR system first. This study assessed these aspects with regard to a self-developed

interactive VR task that serves as a base for a clinical VR intervention in children and adolescents, using a
Meta Quest 2 system. Feasibility was measured by assessing tolerability, usability, satisfaction, presence, and
perceived realism. The relations between motivation and the different feasibility aspects were explored, and the
associations between age, frequency of digital media use, and sex on the one hand and motivation and the five
aspects of feasibility on the other were tested. A pre- and post-test design was implemented, using self-report
questionnaires. 85 children aged 8-17 years participated (Mg = 10.55 years, SDgge = 2.06 years), of which
31 (36%) were girls and 54 (64%) were boys. The VR task was found to be highly motivating and overall feasible
for this age group, whereby the motivation and the feasibility did not vary based on age, frequency of digital
media use, or sex. The results of this study indicate that this task could be a feasible base for a VR mental health
intervention for children and adolescents aged 8-17 years using a Meta Quest 2 system, regardless of their sex or
frequency of digital media use.

1. Introduction

Over the past decades, immersive Virtual Reality (hereafter referred
to as VR) has increasingly been used to improve or develop clinical in-
terventions for adults (Lin et al., 2023; Perra et al., 2023). VR provides
the possibility to exert control over visual and acoustic stimuli presented
to a user, creating indefinite possibilities of application in the clinical
field. One of the reasons that favours VR as a treatment tool is that it has
been found to elicit higher treatment motivation as compared to regular
treatment (Park et al., 2020; Shen et al., 2020). VR can be highly
motivating for adults as well as for younger users (Gued;j et al., 2023;
Harris & Reid, 2005). Since clinical interventions using VR have ach-
ieved promising results in the adult population (Heo & Park, 2022; Lin
et al., 2023; Perra et al., 2023), interest in using this tool for minors as
well has been growing over the past few years. As a result, VR is
increasingly being used in clinical interventions for children and
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adolescents (Bioulac et al., 2020; Maskey et al., 2019).

1.1. The use of VR in children and adolescents

Even though VR evidently has potential for being used in clinical
treatment of children and adolescents, neither VR systems nor evidence-
based VR software have specifically been built for this population. This
raises concerns regarding the feasibility of using VR in youth. Addi-
tionally, a recent review has highlighted several concerns related to
children interacting with VR environments, specifically when overuse of
VR occurs (gaming) and when VR use is unsupervised. The authors did
however point out promising findings when VR was used for educational
or clinical purposes (Kaimara et al., 2022). Therefore, it is of utmost
importance to assess the software’s and the VR system’s feasibility for
children and adolescents. The feasibility assessment will likely vary
depending on the nature and the goals of the VR software, but feasibility
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is crucial to create any adequate and potentially effective clinical
intervention.

1.2. Tolerability

One of the most important aspects of feasibility evolves around
tolerability as users need to be able to endure the VR intervention.
Tolerability describes the absence of negative physical symptoms
induced by being in VR (Maloca et al., 2022; Tychsen & Foeller, 2020).
VR can induce negative physical symptoms, also known as visually
induced motion sickness or cybersickness, which can include nausea,
dizziness, headaches, eye strain, blurred vision, difficulty focusing or
concentrating, increased salivation, sweating, burping, stomach
awareness and vertigo (Kennedy et al., 2010). The VR software is
deemed intolerable if it is conducive to subjectively significant negative
physical symptoms. Many clinical VR feasibility studies assess cyber-
sickness or nausea and find the VR software used to be overall tolerable
(e.g. Negut et al., 2017; Pollak et al., 2010). Tolerability can vary per VR
application as there seem to be technical factors contributing to a
tolerable experience, such as a fixed horizon in the virtual environment
(Hemmerich et al., 2020), exposure time shorter than 10 min (Saredakis
et al., 2020), and the fit of the distance between the two VR lenses and
the distance between the user’s pupils. To create a tolerable and
potentially effective VR intervention, these factors must be taken into
account, and it must be ensured that the VR glasses fit the target
audience.

1.3. Usability

A second dimension of feasibility, usability, typically indicates the
perceived ease of use and how well the VR software has been understood
(Shen et al., 2020; Tennant et al., 2020). Some studies also take the
comfort of the headset into account when assessing usability
(Ammann-Reiffer et al., 2022; Birnie et al., 2018). This is particularly
important when conducting feasibility studies with minors as the VR
headsets and controllers were designed for adults. It was found that
younger participants with smaller hands mostly hold one controller with
both hands and therefore have a different interaction with it than chil-
dren who hold the controller with one hand (Shen et al., 2020).
Depending on the intended use of controllers during an intervention,
this could severely impact the desired outcome. Measuring usability is of
immense importance when feasibility of a VR software is tested: it is
essential that the users understand how it works and that they can
adequately navigate through the intervention.

1.4. Satisfaction

A third facet of feasibility is satisfaction. This describes the degree to
which users are satisfied with the VR experience. Some studies have
assessed user satisfaction as part of usability (e.g. Ammann-Reiffer et al.,
2022), however, we argue that usability refers to the appropriateness of
both the tool and the software for the target group, whereas satisfaction
is a subjective measure depicting the contentment with the overall
experience. VR experiences can be very satisfying and can therefore be
even preferred over traditional interventions for children
(Walther-Larsen et al., 2019), which can result in the desire to use it
again (Birnie et al., 2018). It is important to achieve high satisfaction
with any VR experience as it can lead to higher engagement
(Ammann-Reiffer et al., 2022).

1.5. Presence

A fourth aspect that contributes to the feasibility of a clinical VR
application, is the level of presence. Presence is colloquially defined as
the feeling of ‘being there’. According to the two-dimensional concep-
tualization proposed by Weber et al. (2021), presence refers to the
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degree to which a user feels immersed in VR while at the same time
directing their attention to the virtual space. If presence is high in the VR
application, VR could indirectly enhance effectiveness, as users find it
more enjoyable and show higher engagement compared to a real-life
alternative (Brade et al., 2017). It has also been found that feelings of
presence are correlated with the intensity of an emotion induced with
VR. This can be particularly powerful in the context of clinical exposure
treatments where negative emotions such as aggression are treated
(Alsem et al., 2021; Jicol et al., 2021). VR users tend to feel more present
if they can actively engage with the environment (Jicol et al., 2021).

1.6. Perceived realism

The fifth aspect of feasibility is perceived realism. It has been argued
that presence and perceived realism are inherently different and should
be treated as such. Perceived realism refers to the extent to which the
user perceives the VR environment as coherent and believable (Weber
etal., 2021). It is necessary to highlight that this is different from realism,
where the environments’ aim is to mimic reality. When designing VR
environments, it is important to take the Uncanny Valley Effect into ac-
count. This effect describes the disturbance of believability through in-
consistencies in the degree of realism (Mori et al., 2012). If the
application mimics the real world but it is not completely accurate, users
can experience a range of negative effects such as eeriness and
discomfort. It can also have a negative effect on presence: a study has
shown that with increasing realism of avatars the feeling of presence
decreased (Vinayagamoorthy et al., 2004). Evidently, environments do
not necessarily have to resemble the real world to be perceived as
coherent and believable, as long as the displayed imagery and actions
correspond with one’s expectation of the environment (Bailenson,
2018). Comic-like environments and talking animals can therefore be
perceived as realistic if the imagery and the actions are consistent.
Furthermore, the principle of veridicality assumes that participants will
behave in VR similarly to how they would in the real world if the VR
experience is authentic (Parsons, 2016).

1.7. User characteristics, motivation and feasibility

The motivation for and the feasibility of VR applications do not only
vary based on technical aspects but can also vary across children and
adolescents. Differences between age groups could be partly explained
by variations in curiosity, cognitive abilities and growth stage, whereby
more cognitive abilities and curiosity may facilitate a feasible VR
experience. Physical differences, such as smaller heads and hands, could
lead to a poor fit of the VR equipment (Fandakova & Gruber, 2021;
Ivancovsky et al., 2024). Age could therefore impact the way children
and adolescents interact with and navigate through a new VR applica-
tion. It is necessary to explore whether these findings extend to novel VR
interventions and VR systems in order to maximize the treatment
benefits.

Another factor that could potentially affect the motivation for and
feasibility of VR interventions is the frequency of digital media use.
Since VR is a type of digital media, familiarity with and habituation to
digital media could not only affect the motivation for VR interventions
but also the feasibility thereof. Familiarity with digital media could
potentially lead to a faster adaption and therefore easier navigation of
VR regardless of the age of the child (Shen et al., 2020). Habituation on
the other hand, could lead to a decreased interest in VR. Therefore, it is
important to explore the relation between digital media use and moti-
vation for and the feasibility of a VR intervention. Most VR studies have
fewer female than male participants, which might imply that people
identifying as male might be more interested and motivated to use VR
than females (Peck et al., 2020). The participant recruitment however is
seldomly described in a way that allows for valid conclusions regarding
gender differences in motivation. When looking at the use of other
digital media, a general digital gender divide can be observed among
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adults, which can possibly be applied to VR as well (Perifanou &
Economides, 2020). On the other hand, a review focusing on online
gaming has found that men and women differed in their motives to play
and their games of choice, but that motivation for online gaming was
present for both genders (Veltri et al., 2014). Regarding feasibility of VR,
there is scarce evidence on sex differences in adults focusing on tolera-
bility or presence (Felnhofer et al., 2012, pp. 103-112; Salimi &
Ferguson-Pell, 2021; Saredakis et al., 2020). While some of these studies
did report results cautiously favoring men, research on sex differences in
feasibility in children is lacking.

1.8. Aims

This study aims to assess the motivation for and the feasibility of a
short VR task that could serve as a base for a clinical VR intervention for
children and adolescents, whereby the relation between motivation and
the feasibility constructs is also explored. Firstly, we test whether the
motivation for the VR task is high. We also test the task’s feasibility,
hence whether a) the VR task is tolerable, b) the usability is high, c) the
satisfaction is high, d) there is a high sense of presence, and e) there is a
high sense of perceived realism. Secondly, we explore the relations be-
tween motivation and the feasibility constructs. This study also aims to
shed more light on the relation between age, frequency of digital media
use, and sex on one hand and motivation and the five aspects of feasi-
bility on the other hand.

2. Material and methods
2.1. Participants

One hundred children and adolescents (aged 8-17 years) were
recruited using convenience sampling to participate in the current study.
The majority of the participants (82%) were recruited during a science
fair for children. All other participants (18%) were recruited via the
social networks of the research assistants involved in this project. The
only inclusion criterium was to understand Dutch because the VR task
was in Dutch. The aim was to recruit children and adolescents; therefore,
the upper age limit was 18 years. The lower age limit was determined by
the ability to read and to fill in the questionnaires independently, which
is 8 years in the Netherlands (Stichting Leerplan Ontwikkeling, 2021).
Due to technical difficulties (N = 14) and one child stopping because of
strong nausea, data of 15 participants could not be processed. The final
sample consisted of 85 children (Mgg = 10.55 years old, SDgge = 2.06),
whereby the age of 7 participants was not registered. Sex was assessed
by asking participants whether they are a girl or a boy, whereby 31
(36%) of the participants were girls and 54 (64%) were boys. 20 par-
ticipants (23%) had never used a VR headset before, whereas 33 par-
ticipants (39%) have used it once and 32 (38%) had used it more than
once.

2.2. Procedure

Children and at least one of their parents were informed about the
research project. After deciding to participate, the parents as well as
children aged 12 years or older were asked to sign a consent form. For
children below the age of 12, only the consent of the parent was
required. After having signed informed consent, one researcher invited
the participant to take a seat on a chair. A second researcher was present
to ensure data integrity. A pre- and post-test design was used, with TO
conducted before the VR task and T1 directly after. All questionnaires
used child-appropriate language and were programmed in the software
Qualtrics. They were filled out on a tablet under supervision of the
researcher. After filling out the questionnaires at TO, the researcher set
the interpupillary distance in consultation with the participant,
explained the VR system and the VR task. The experiment was con-
ducted in an open environment with non-participating individuals
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present. Therefore, the participants wore over-ear headphones for the
duration of the VR task. After having completed the VR task, participants
were asked to fill out the T1 questionnaires. All participants received a
small gift. The procedures performed followed applicable laws and the
institutional guidelines. The Ethics Committee of the Institute of Edu-
cation and Child Studies of Leiden University approved this study
(ECPW-2022-347).

2.3. VR task

For this study the Meta Quest 2 system consisting of a VR headset and
controllers was used. A recent study examining feasibility among 8- to
16-year-olds has found that the Meta Quest 2 system has good feasibility
overall (Alrashidi et al., 2023). The VR task was developed in Unity 3D
2021. It was single player, and the story line was preprogramed,
whereby the participant’s actions prompted the story to unfold. The
story was set in a cozy atmosphere with 6 avatars sitting around a
bonfire (excluding the user). We chose this environment specifically
because of its potential for future clinical interventions as it resembles a
group therapy setting. The task consisted of drawing on a virtual canvas
together with another virtual character and finally throwing the canvas
in the bonfire (see Fig. 1). It could only be completed when reacting to
specific cues.

After starting the VR experience, the participants found themselves
in a cartoony environment sitting on a tree trunk around a bonfire. Vi-
sual, haptic and auditory stimuli were used to direct the participants’
attention to cues. For example, the participant would see the handle of a
drawer blink (visual cue), they would feel their controllers vibrate
(haptic cue) or would hear the voice of a virtual character (auditory
cue). Before they started the VR task, participants were informed that
they would draw in VR and throw away the drawing in the end to
prevent disappointment and frustration.

To increase feasibility, several factors were considered. First, to
minimize the development of negative physical symptoms, the user-
movement matched the virtual content: the participants remained
seated in both worlds (Saredakis et al., 2020). Furthermore, a fixed
virtual horizon was installed (Hemmerich et al., 2020). To prevent
discomfort of the headset and negative physical symptoms such as eye
strain or light headedness, the VR task would take 10 min to complete at
most (Saredakis et al., 2020). To increase the feeling of presence and
perceived realism, the avatars and the environment were consistently
comic-like to prevent the Uncanny Valley effect (Mori et al., 2012;
Vinayagamoorthy et al., 2004). Studies have shown that VR users tend
to feel more present if they have agency (e.g. Jicol et al., 2021), there-
fore the task required the participants to interact with the environment,
for example by drawing. Participants could use their hands (controllers)
to grab charcoal and draw on the canvas. Depending on how quickly the
participants grasped what was being asked from them, but also on how

Fig. 1. Impression of the VR environment.
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much time they spent drawing, the duration of the VR task was between
four and 11 min (M = 5.5min, SD = 1.6min) in the virtual environment.

2.4. Measurements

Fig. 2 presents an overview of the constructs and associated variables
that were used in this study. The universal phrasing of the translated as
well as the self-developed questionnaires was tested with children from
the targeted age range to ensure comprehension. Except for the con-
structs Tolerability and Frequency of digital media use, all question-
naires were self-developed.

Motivation. Motivation was assessed retrospectively with one item as
part of a self-developed VR experience survey (“I was looking forward to
do the VR task” — freely translated from Dutch). This item is based on a
study on intrinsic motivation and hedonic information systems (Wang &
Scheepers, 2012), and is scored on a 5-point Likert-scale ranging from
Not at all to Very much.

Tolerability. To assess tolerability, we administered the Child Simu-
lator Sickness Questionnaire (CSSQ; Hoeft et al., 2003), a child-friendly
adaptation of the Simulator Sickness Questionnaire (SSQ; Kennedy
et al., 1993) which has been widely used to assess negative physical
symptoms in adults. The CSSQ has 7 items that are scored on a 3-point
Likert scale ranging from Not at all, to A little bit, to A lot. Since we used
this tool to assess tolerability rather than simulator sickness, we inversed
the scale so that higher values correspond to higher tolerability. Most
studies assess tolerability only after the VR task as initially proposed by
the authors of SSQ, assuming that users do not experience any negative
physical symptoms at baseline. This assumption of
zero-symptoms-baseline has been found to be misleading as some
symptoms might already be present before VR, meaning that not all

o
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negative symptoms were induced by VR (Brown et al., 2022). Therefore,
we measured tolerability before (T0) as well as after the VR task (T1).

Our data inspection revealed very skewed distributions for the TO- as
well as the T1-scores, with all items having at least 87% of the partici-
pants scoring the maximum score 14. Therefore, we did not presuppose
the original 3-subscale structure of the CSSQ, but a) explored the TO- and
T1-scores per item on a descriptive level and b) summed all TO- as well
as all T1-items as indicators of the total magnitude of tolerability before
and after the VR task. The differential score of the TO and T1 sum scores
was used as an indication of the decrease of tolerability.

Usability, satisfaction, presence, and perceived realism. These constructs
were measured with a self-constructed survey, consisting of items that
are scored on a 5-point Likert-scale ranging from Not at all to Very much.
Three items were used to assess usability: measuring understanding,
perceived ease of use, and comfort of the headset. These items are based
on research indicating that the headsets could potentially be uncom-
fortable (Lowry et al., 2013; Maloca et al., 2022). The internal reliability
for the usability scale was acceptable, Cronbach’s alpha = 0.60. Satis-
faction was assessed with one item (“I enjoyed doing the VR task.”) which
is based on research about intrinsic motivation and hedonic information
systems (Wang & Scheepers, 2012). Presence and perceived realism were
both assessed with one item each by asking the participant a) whether
they felt like they were really there and b) thought that the virtual world
seemed real, respectively (Busselle & Bilandzic, 2008; Weber et al.,
2021).

Frequency of digital media use. The frequency of digital media use was
measured with one item from a questionnaire based on Iene Miene Media
)J(Mediawijsheid and Nikken, 2022). For this study, we used the item
that measures the frequency of digital media use across different types
media such as television, tablet, mobile phone, gaming devices

Motivation

& Tolerability

\

r Usability

Satisfaction

r Presence

J

Realism

Fig. 2. Overview of constructs and associated variables that are used in the feasibility evaluation.
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(PlayStation, Xbox, et cetera), laptop, and e-reader. This frequency was
assessed by asking how often the participant used these devices per day.
Participants were asked to indicate their digital media use on a 5-point
Likert scale ranging from Not every day, Once per day, 2-3 times per day,
4-5 times per day, to More than 5 times per day. The higher the frequency,
the higher the digital media use.

2.5. Analyses

We inspected motivation and the feasibility of the VR-session: The
TO-, T1- as well as the differential scores of tolerability were inspected
and a one-sided Wilcoxon signed rank test comparing the sum scores of
the CSSQ TO and T1 was administered to assess the change in tolerability
from pre to post. To assess whether the VR task was useable, satisfactory,
created a sense of presence, and was perceived as realistic, the de-
scriptives of the remaining four feasibility constructs were inspected. We
then calculated the mutual correlations of motivation and the feasibility
constructs and investigated the relations between age, frequency of
digital media use, and sex on the one hand, and motivation and the
feasibility variables on the other hand. We calculated correlations and
performed independent t-tests, whereby non-parametric variants were
used for ordinal variables or severely skewed distributions. Because
several significance tests were done, the significance of the p-values was
sequentially adjusted with Holm’s sequential correction for multiple
testing (Holm, 1979). We refrained from doing so when inspecting the
tolerability of the VR task because the null hypothesis was expected to
be true. Therefore, we conducted an inferiority test to assess if the
possible difference found was lower than the smallest effect size of in-
terest (Lakens et al., 2022). For this 14-point scale, we considered an
effect to be of interest when the mean tolerability score would decrease
with 0.5, or when the median would decrease with one point (this means
that 50% of the children would decrease with one point). Smaller effects
were not considered to be of interest. Cohen’s d of 0.20, 0.50 and 0.80
were interpreted as small, medium and large effects, and Eta squared of
0.01, 0.06 and 0.14 were interpreted as small, medium, and large effects
(Cohen, 1988). Spearman’s Rho between 0.20 and 0.39, 0.40 to 0.59,
and 0.60 to 0.79 were interpreted as weak, moderate and strong cor-
relations respectively (Siegel, 1956).

3. Results

Table 1 presents the descriptives of motivation, the feasibility con-
structs, age, and frequency of digital media use. The correlations be-
tween these variables can be found in Table 2.

Motivation. Motivation for the VR-task was rated high, with an
average score of 4.47 on a five-point scale (SD = 1.01, Mdn = 5).

Tolerability. All tolerability items at both TO and T1 were skewed to
the left indicating low symptoms before and after the VR task. The sum
scores of tolerability for the 85 children who completed the assessment
were also negatively skewed. At both TO and T1 the reported tolerability
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was high: the median was 14 (the maximum score), and most partici-
pants (ranging from 87% to 98% across the 7 items) reported no
symptoms at all for both TO and T1 (maximum score). The mean of the
TO-score was 13.53 on a scale from 0 to 14, and the mean of the T1-score
13.25. The mean difference score between TO and T1 was —0.28. This
difference was statistically significant (z = —2.75, p = 0.006, 1> = 0.09).
An inferiority test however showed that the effect found was statistically
inferior to our smallest effect size of interest (z = —6.02, p < 0.001).

Out of all children who completed T1, 69% (N = 59) indicated no
change in tolerability and 6 of them (7%) even indicated an increase. In
total, 20 children (23%) did indicate to experience decreased tolera-
bility, notably with most of these children (N = 13; 15%) mentioning the
smallest decrease possible: one symptom to the extent of a little bit. One
participant (male, 8-years-old) did not complete the VR task due to
developing strong nausea throughout the task. The participant scoring
the lowest at T1 indicated in the voluntary comment section that they
enjoyed the task very much. Summarizing, tolerability was overall high
at both TO and T1.

Usability, satisfaction, presence, and perceived realism. The report of
usability after the VR task was very positive with an average score of 4.16
on a five-point scale (SD = 0.69, Mdn = 4.33). Satisfaction (M = 4.53, SD
=0.89, Mdn = 5) and presence (M = 4.02, SD = 1.14, Mdn = 4) were also
rated high. Perceived realism scored the lowest, however, since the scale
value 3 corresponds to neutral, the average score was still above neutral
(M = 3.22, SD = 1.22, Mdn = 3).

Mutual correlations. Motivation was positively and moderately
correlated with usability, satisfaction and presence (p(83) = 0.39, p <
0.001, p(83) = 0.37, p < 0.001, and p(83) = 0.40, p < 0.001 respec-
tively), but not with tolerability or perceived realism. The statistically
significant p-values remained significant after correction for multiple
testing.

Age, frequency of digital media use, and sex. The correlations between
age, and motivation and the feasibility aspects were all non-significant
with p ranging from —0.15 to 0.18. Frequency of digital media use
was not significantly correlated with motivation or the feasibility con-
structs either (p ranging from —0.01 and 0.10). Boys and girls did not
differ in motivation levels (U = 782.50, p = 0.41, n2 =0.01), and a two-
tailed t-test did not reveal a significant difference in terms of tolerability
between boys and girls either (¢(83) = 1.31, p = 0.20, d = 0.28). There
were no significant sex differences detected for usability, satisfaction,
presence, and perceived realism, with n? ranging from 0.00 to 0.02.

4. Discussion

This study aimed to assess motivation for and the feasibility of a short
VR task that could serve as a base for a clinical VR intervention for
children and adolescents, using a Meta Quest 2 system. As compared to
other feasibility and pilot studies of new VR interventions for minors,
this study additionally investigated motivation to use VR, used a higher
number of feasibility aspects, and explored individual factors that could

Table 1
Descriptives of motivation, the feasibility constructs, age, and frequency of digital media use.
N Minimum Maximum M SD Skewness Kurtosis
Statistic SD Statistic SD

Motivation 85 1 5 4.47 1.01 —-2.35 0.26 5.22 0.52
TO 85 11 14 13.53 0.77 -1.73 0.26 2.66 0.52
T1 85 8 14 13.25 1.19 —2.04 0.26 4.60 0.52
Tolerability 85 -5 3 -0.28 0.97 —1.64 0.26 8.00 0.52
Usability 85 1 5 4.16 0.69 —1.68 0.26 5.41 0.52
Satisfaction 85 1 5 4.53 0.89 —2.49 0.26 6.83 0.52
Presence 85 1 5 4.02 1.14 —-1.12 0.26 0.49 0.52
Perceived realism 85 1 5 3.22 1.22 —0.16 0.26 —0.86 0.52
Age 78 8 17 10.59 2.03 0.56 0.27 —0.21 0.54
Frequency of digital media use 85 1 5 3.45 1.23 —0.31 0.26 —0.74 0.52

Note. TO and T1 refer to the respective sum scores of tolerability.
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Table 2
Spearman Rho correlation table of motivation, the feasibility constructs, age, and frequency of digital media use.
Motivation Tolerability Usability Satisfaction Presence Realism Age
Tolerability 0.07
Usability 0.29%*
Satisfaction 0.28** 0.35%*
Presence 0.08 0.32%* 0.47**
Perceived realism 0.10 0.35%* 0.21 0.44%*
Age 0.12 0.16 —0.15 —0.05 0.08
Frequency of digital media use 0.05 0.01 —-0.01 0.10 0.05 0.47%*

** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).

be of importance with regards to the target population for the clinical
intervention (see e.g. Ammann-Reiffer et al., 2022; Flujas-Contreras
et al., 2020). Our study showed that children and adolescents were
highly motivated to execute the VR task. This finding is in line with
previous works conveying the excitement about using immersive VR
systems (Maloca et al., 2022; Seesjarvi et al., 2023). The use of VR could
pose an opportunity for populations with low treatment motivation,
such as children and adolescents with severe psychiatric problems
(Rizzo et al., 2018; Roedelof et al., 2013), since treatment motivation
has been linked to therapeutic alliance which in turn is associated with
treatment success (Fjermestad et al., 2018; Karver et al., 2018). More-
over, motivation was found to be positively correlated with usability,
satisfaction, and presence, indicating that the more motivated the par-
ticipants were, the more useable it was, the more satisfied they were,
and the more present they felt in the VR environment. However, the
design of the study does not allow for discussion of causality or direction
of the effect. The motivation score could also be indicative of the
motivation to use the task again: since it was assessed retrospectively, it
is possible that experiencing the module as very useable, highly satis-
factory, and feeling highly present, has positively impacted the report of
motivation. It is important to discriminate between initial motivation to
use VR and motivation to use it again, as it is possible that the motiva-
tion for the VR intervention decreases over the course of the treatment.
Regardless of the causality or directionality of the effect we found, this
finding points to the benefits of using this task as a base for a clinical VR
intervention.

Furthermore, we found that our VR task was tolerable for the vast
majority of the participants. Overall, the tolerability was reported to be
very high, with a mean score almost equaling the maximum score and a
median being the maximum score. It is noteworthy that most of the
participants who reported a decrease in tolerability, reported the
smallest decrease possible. Others even reported an increase in tolera-
bility, and only one participant discontinued the VR task due to strong
nausea. The participant scoring the lowest on tolerability at T1 indicated
in the open remarks section that they thought that “the task was amagzing,
and they would love to do it every day” (freely translated from Dutch).
Even though their reported symptoms were high, they were not
perceived as severe. The decrease in tolerability could be explained by a
potential poor fit of the VR headset or lagging of the VR task as both lead
to distorted images and induce strong feelings of nausea (Holla & Berg,
2022). Therefore, it is crucial to ensure that the headset fits properly,
and that the software of future clinical VR interventions is not lagging.
Another explanation could simply be that the symptoms were
non-specific. This is supported by the fact that some participants re-
ported an increase in tolerability after the VR task. Hence, using this task
as a base for the clinical VR intervention increases the likelihood of the
software being perceived as tolerable as well when using a Meta Quest 2
system. It can be concluded that this task meets one of the most
important feasibility requirements, tolerability, as our results revealed
only a marginal decrease in tolerability.

Usability, satisfaction and presence were rated highly positively as
well. This indicates that the task was useable, that participants enjoyed
the task and that they felt present in the VR environment. Like

tolerability, usability can be viewed as a prerequisite for a feasible VR
intervention as users must understand what is being asked of them and
must be able to navigate the intervention for it to be enjoyable and evoke
feelings of presence. These results imply that this VR task meets these
three feasibility criteria and could therefore be used as a base for a
clinical VR intervention using a Meta Quest 2 system.

We found that perceived realism was rated as ‘neutral’, indicating
that the participants perceived the environment as neither realistic nor
unrealistic. It is plausible that the phrasing of the item assessing
perceived realism was not capturing the construct adequately (“The
virtual world seemed just like real”): perceived realism describes the
extent to which a VR environment is perceived as coherent and believ-
able, which does not exclude realistic but is not tied to realism either. It is
possible that the participants did not quite understand what was being
asked, which is supported by the average neutral score (Sturgis et al.,
2014). It could also simply mean that the participants felt indifferent
about perceived realism.

Finally, taking all feasibility constructs into account, we conclude
that this VR task is feasible for this population when viewed with a Meta
Quest 2 system. In case this task is used with an older VR system or a VR
system from a different company, the feasibility constructs should be
reassessed. Newer Meta Quest systems are presumably improved;
therefore, we expect that the feasibility assessment would yield similar
or better results. Tolerability, however, must always be monitored as it is
not entirely understood yet why VR evokes negative physical symptoms
for certain individuals (Saredakis et al., 2020).

Neither age nor frequency of digital media use was found to be
related to motivation. We did not find differences in motivation between
girls and boys, either. Possibly, sex differences in affinity to technology
manifest only at a later developmental stage when individuals grow
more aware of gender roles, typically occurring during adolescence, a
trend which has previously been observed (Erikson, 1980; Fedorowicz
et al., 2010). The average participant of this study was pre-adolescent,
which might explain our findings. However, considering the general
increase in frequency of digital media use in children (Reid Chassiakos
et al., 2016), it is more plausible that the sex and age differences have
lessened. These findings indicate that our study population was highly
motivated or engaged, regardless of the frequency of their digital media
use, age, and sex, meaning that an immersive clinical VR intervention
based on this task could be motivating for a wide range of young people.

The feasibility of the VR task did not differ across different ages. Even
though the Meta Quest 2 system was not specifically designed for
younger children, there is no indication that the tool is poorly fitting or
too challenging and thereby impacting the feasibility of it. Therefore,
the VR task using the Meta Quest 2 system is deemed equally feasible for
children and adolescents aged 8-17 years old. However, since children’s
interpupillary distance tends to be smaller than adult’s (Dodgson, 2004),
it is especially important that the fit of the VR headset is thoroughly
assessed to prevent poor fitting (Holla & Berg, 2022). Boys and girls
experienced the VR task as equally feasible as well, similarly to the
findings regarding motivation: potential sex differences might no longer
be reflected in children’s behaviour due to overall increased digital
media use.
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The feasibility of the VR task did not vary depending on the fre-
quency of digital media use either. Potential effects of familiarity and
habituation might have already taken place as compared to older gen-
erations: In today’s age digital media use typically increases with time,
starting much earlier than in previous decades (Reid Chassiakos et al.,
2016). This is advantageous for clinical VR interventions as they can be
experienced as more familiar and hence more accessible. Finally, it can
be concluded that the feasibility of this VR task did not differ across
different age groups, frequency of digital media use, or sex. This implies
that the task is a solid base for a clinical VR intervention which could be
administered to a wide range of clients. If the final intervention’s con-
tent changes and is viewed with a different VR system - that is to say,
from a different producer or an older model - feasibility should be
reassessed to ensure its suitability for the target group.

This study has several strengths and limitations. As compared to
other feasibility studies and pilot studies, this study included a relatively
large sample to assess the feasibility of a task that serves as a base for a
digital mental health intervention (e.g. Ammann-Reiffer et al., 2022;
Flujas-Contreras et al., 2020). Furthermore, this study evaluated a
higher number of frequently assessed factors associated with feasibility,
and hence a more comprehensive picture of feasibility could be pre-
sented. The assessment itself, however, had its limitations. For lack of
validated and age-appropriate questionnaires to measure the feasibility
concepts in general and especially for this target group, we have
administered the CSSQ to assess tolerability and a non-validated self--
developed questionnaire to assess the other feasibility constructs.
Because of the severely skewed distributions of our data, we could not
apply the original structure of the CSSQ. Nonetheless, even with this
measurement taken, our data corroborates the rejection of the
zero-baseline assumption, leading to a more accurate assessment of
tolerability.

4.1. Conclusion

The results of this study imply that this VR task using a Meta Quest 2
system is motivating and feasible for children and adolescents aged 8-17
years old, regardless of their sex or frequency of digital media use. Using
this task as a base for a VR mental health intervention could be a
promising starting point for the feasibility of the intervention. However,
feasibility should be monitored if changes are made to the application
that could decrease feasibility, or if a different VR system is used. Our
results corroborate previous findings, highlighting the potential of
immersive VR potential in the clinical field.
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