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Abstract.
PURPOSE: Cognitive impairments frequently occur in children and adolescents with acquired brain injury (ABI), causing
significant disabilities in daily life. Current paper-and-pencil neuropsychological tests do not capture the complexity of daily
life activities, often failing to objectify subtle cognitive impairments. Virtual Reality (VR) simulations might overcome this
discrepancy, as it resembles daily life situations. The aim of this study was to evaluate the feasibility, user-experience and
preference of a VR simulation with a non-immersive (computer monitor; CM)) and immersive (head mounted display; HMD))
VR setup.
METHODS: Children and adolescents with ABI (n = 15) and typically developing children and adolescents (n = 21) com-
pleted a VR-task with a CM and HMD.
RESULTS: Both VR setups were feasible for children and adolescents with ABI. User-experience was enhanced with the
HMD compared to CM in both groups. Side effects were low and comparable for both groups, and there were no differences
between setups (HMD and CM). The majority of the children and adolescents with ABI preferred the HMD.
CONCLUSION: VR simulations appear feasible to use in paediatric rehabilitation. The preference for a VR setup should
be discussed with the child. Further research is needed to develop more sensitive measures to further explore the potential of
VR for cognitive assessment.
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1. Introduction

Acquired brain injury (ABI) is a common disor-
der with an estimated incidence of 19,000 children
and adolescents (0–24 years) each year in the Nether-
lands [1]. Traumatic brain injury is the most common
cause of ABI, followed by meningitis/encephalitis,
tumours and stroke [1]. Impairments following ABI
are heterogeneous, from physical to cognitive impair-
ments [2, 3]. Cognitive impairment can tremendously
hamper activities of daily life, such as social inter-
action or school attendance [2, 4]. Consequently, it
is therefore of great importance to assess cognitive
impairment in order to predict the level of anticipated
performance during daily life activities and to treat
cognitive impairment through psychoeducation (e.g.,
educating children, family members and teachers on
compensatory strategies for cognitive impairment in
daily life).

Currently, a neuropsychological assessment (NPA)
is used to assess cognitive impairment. Results sys-
tematically evaluate cognitive functions in order
to gain insight into cognitive strengths and weak-
nesses. NPA helps the clinician to provide appropriate
psychoeducation and create a patient-centred, tailor-
made treatment plan. However, NPA does not capture
the complexities of daily life functioning; for example
the ability to attend to classwork in a noisy class-
room or to participate in birthday parties [5, 6]. NPA
mostly consists of multiple, sequentially adminis-
tered paper-and-pencil tests in a quiet room without
external distractors. Cognitive impairment may be
present only in daily life situations, and therefore
not be objectified or anticipated. In order to bridge
this gap, it is preferable to assess cognition in more
realistic, daily life situations.

Employing virtual reality (VR) enables natural
interaction and immersion in a realistic, safe and
controlled 3D environment [6]. Predominantly, there
are two VR setups that are most widely used [7]:
non-immersive VR, for example by using a computer
monitor (CM); and immersive VR, for example a
head mounted display (HMD). An advantage of
immersive VR is the enhanced feeling of being
physically present, making interaction with the
environment more natural. VR demonstrates great
promise in capturing cognitive impairments which
cannot be captured with paper-and-pencil tests [5, 6].

Non-immersive VR has been used in several stud-
ies and appears feasible for use in children with ABI
[8]. However, the use of a HMD with bright light
might trigger side effects for children and adolescents

with cognitive complaints due to ABI. A feasibility
study determines whether an intervention is appropri-
ate for further testing [9]. To the author’s knowledge,
this is the first article addressing the feasibility of
immersive VR for children and adolescents with ABI.
In other paediatric populations (children with deaf-
ness, cancer, autism) immersive VR has shown to
increase game enjoyment [10, 11], although some
children also feel too overwhelmed [11]. The VR sys-
tems appeared easy to understand and most children
completed the tasks [10–12]. Side effects, such as
nausea or dizziness, were reported in 0–9%, however
none ended the study due to this [11, 12]. Further-
more, the possibility of choosing a preferred VR
setup (either a CM or HMD) might enhance moti-
vation to use a VR program. The most appropriate
VR setup for children and adolescents with ABI is
unknown.

The aim of the current study was threefold: (1)
to evaluate the feasibility of the VR simulation by
determining whether children and adolescents (8–18
years) with ABI were able to use a non-immersive
(CM) and/or immersive (HMD) VR setup; (2) to
examine user-experience, with particular focus on
cybersickness, per VR setup (CM or HMD); and (3)
to determine which VR setup is preferred. In com-
parison to other factors (e.g., feeling immersed or
forgetting time), cybersickness may be a major reason
for prematurely terminating assessment. With respect
to the second and third sub aims, the results of the
children and adolescents with ABI were compared to
their typically developing peers.

2. Methods

2.1. Participants

Children and adolescents with ABI were included
in De Hoogstraat Rehabilitation Centre in Utrecht, the
Netherlands, in the paediatric rehabilitation ward and
outpatient clinic. Certified practitioners (i.e., reha-
bilitation doctor or child psychologist) informed the
researcher when children and adolescents met the
inclusion criteria, which for those with ABI were:
(1) 8–18 years old; (2) participating in an in- or
outpatient rehabilitation program at De Hoogstraat
Rehabilitation Centre; (3) adequate stamina to par-
ticipate, assessed by a certified practitioner; (4)
voluntary participation; and (5) written informed
consent. Exclusion criteria for children and ado-
lescents with ABI were: (1) diagnosis of epilepsy
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(photosensitive epilepsy might be triggered as images
in VR flash very quickly) and (2) being unable to
use a game controller (e.g., due to hemiparesis).
Typically developing children and adolescents were
recruited amongst colleagues, family and friends of
the research group. They were included when they
met the following criteria: (1) 8–18 years old; (2) no
history of neurological/psychiatric disease; (3) volun-
tary participation; and (4) written informed consent.
The inclusion period started in June 2016 and finished
in June 2019.

2.2. Virtual reality simulation and setups

A virtual supermarket was developed by Atoms
2Bits for commercial purposes. The software of Unity
was used. For research and potential clinical pur-
poses, the supermarket was adapted in collaboration
with the Utrecht University, University Medical Cen-
tre Utrecht, and De Hoogstraat Rehabilitation Centre.
The software was designed to run on a regular com-
puter in combination with two VR setups: a CM
and a HMD. The virtual supermarket was modelled
according to a regular Dutch supermarket and con-
tained 18 shelves, eight cash registers, several product
displays (e.g., bread, fruit, vegetables) and freezing
compartments. Approximately 20,000 products were
designed resembling real brands and packages from
well-known products in Dutch supermarkets. The
supermarket had a surface of 50 × 30 virtual meters.
The maximum navigation speed was 0.5 meter per
second.

The CM was 24-inch with a resolution of 1920 ×
1200 pixels. For navigation, a wired controller was
used (Xbox 360©). Participants sat on an office chair
in front of the CM, at a distance of approximately
90 cm from their eyes. Two types of HMDs were
used. Participants were assessed between July 2016
and October 2016 with the Oculus Rift DK2©(further
referred to as ‘Oculus’) and between April 2018 and
July 2019 with the HTC Vive©(further referred to
as ‘HTC’). The Oculus had a 100◦ field of view, a
resolution of 960 × 1080 per eye, and a refresh rate
of 75 Hz. The HTC had a 110◦ field of view, a reso-
lution of 1080 × 1200 per eye, and a refresh rate of
90 Hz. Navigation with the HTC was possible with
use of two controllers and two base stations with a
tracking system to navigate through real time move-
ment in the virtual environment (maximum space
of 3 × 3 meters). For safety reasons, all participants
were seated in an office chair, therefore allowing for
direct comparisons between children and adolescents

with ABI and typically developing children and ado-
lescents.

2.3. Procedure and tests

Prior to commencing assessment, participants
were asked whether they had any questions relat-
ing to the study and to provide written informed
consent. First, they completed a questionnaire regard-
ing demographics and gaming experience (see also
[13]). Participants were interviewed about their expe-
rience with six forms of games/technologies: (1) 2D
games; (2) 3D games with third-person view; (3)
3D games with first-person view; (4) use of key-
board/touchscreen; (5) use of controller; and (6) VR.
Subsequently, a short cognitive screener of cogni-
tion was administered (Dutch version of the Montreal
Cognitive Assessment [14]).

In addition, participants were asked to perform
a VR-based task twice using both CM and HMD
setups. To avoid potential bias in the results caused by
learning or boredom, the order of the two conditions
was randomized: half of the participants started with
the CM and half started with the HMD. Participants
started with a practice trial to get familiar with the VR
apparatus and environment (i.e., virtual supermarket
with empty shelves). After the practice trial, they
were instructed to (1) start the VR-based task by pass-
ing through the entry gates, (2) find three products
from a shopping list, and (3) pass the cash registers to
finish. A shopping list was presented three times, and
participants were asked to recall the products prior
to the VR-based task. There were two different shop-
ping lists and the order was semi-randomised across
conditions. One list contained M&Ms, Donald Duck
magazine, and fizzy peaches, the other one contained
matches, crunchy fruit sprinkles, and hotdogs. After
15 minutes, participants were asked to stop if they
had not finished yet.

After the first VR-task, a questionnaire was admin-
istered to assess user-experience with the specific VR
setup (CM or HMD) (Appendix 1; for information on
the development and validity of this questionnaire see
Spreij et al., 2022). Participants were required to indi-
cate to what extent they agreed or disagreed with 15
items on a 6-point scale. Three items belonged to one
of five categories: (1) Engagement; (2) Transporta-
tion; (3) Flow; (4) Presence; and (5) Side effects (for
more details, Spreij et al., 2022). Response options
were based on a 6-point Likert scale ranging from
negative (− − − [0]) to positive (+++[5]). Each cate-
gory was described by a summed score of three items
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(Appendix 1), resulting in a scale-score ranging from
0–15. This was repeated with the other VR setup and
the questionnaire was filled out a second time. Last,
a final questionnaire was administered to assess the
preference for one of the two user interfaces contain-
ing five items regarding motivation and enjoyment
(Appendix 2). Participants indicated whether they
preferred the CM, the HMD, or did not have a specific
preference for VR setup.

2.4. Outcome measures and statistical analyses

With respect to feasibility, the following outcome
measures were administered: number of children
and adolescents who were able to complete the
task, total duration of assessment (ranging 0–15
minutes), and total number of products found (rang-
ing 0–3). With respect to user-experience, summed
scores were calculated on items belonging to the same
category, resulting in five scores (i.e., Engagement,
Transportation, Flow, Presence, Side effects) rang-
ing from 0–15 (0 = very negative, 15 = very positive;
except for ‘Side effects’ where a higher score indi-
cated more side effects). Preference was indicated
using multiple choice for CM, HMD, or no pref-
erence. Feasibility, user-experience and preference
were compared between the user interfaces (CM vs.
HMD) and between children and adolescents with
ABI and typically developing children and adoles-
cents. Cybersickness was assessed by the number of
participants scoring > 3 (> [+]) on the item ‘I felt nau-
seous’ (item 5) of the user-experience questionnaire.

Demographic and clinical characteristics were
collected from patient files. Demographic charac-
teristics were compared using non-parametric tests
(Fisher’s Exact test for categorical variables and
Mann-Whitney U test for continuous variables). A
mixed analysis of variance (ANOVA) was conducted
with “VR setup” as a within-subject factor (CM
vs. HMD; Oculus vs. HTC; as two types of HMDs
were used in this study, potential differences within
the HMD setup were also investigated) and “group”
as a between-subject factor (children and adoles-
cents with ABI vs. typically developing children and
adolescents) for continuous variables (i.e., total dura-
tion, number of products found, scale-scores). These
ANOVAs also allowed for exploration of possible
significant interactions between these factors. The
pre-specified level of statistical significance for all
tests was 0.05. STATISTICA (StatSoft, USA) was
used to perform the statistical analyses.

3. Results

3.1. Feasibility

3.1.1. Early termination
In total, 40 children and adolescents were included

(25 typically developing, 15 children and adolescents
with ABI). Sixteen were assessed with the Oculus (10
typically developing, 6 children and adolescents with
ABI) and twenty were assessed with the HTC (11
typically developing, 9 children and adolescents with
ABI). All were able to complete the test when work-
ing with the CM. Assessment with the Oculus was
never prematurely terminated. Early termination with
the HTC was needed with 4 typically developing chil-
dren and adolescents; due to software failure (n = 2)
and due to fatigue and motivational issues (n = 2).
None with ABI terminated the VR-based task when
using the HMD (Oculus as well as HTC).

After exclusion of the early terminated assess-
ments, data of 21 typically developing children and
adolescents and of 15 with ABI were included for
analyses (demographic characteristics can be found
in Table 1). Sex, age, type of education, and gam-
ing experience were comparable between groups
(sex Fisher’s exact, p = 1.00; age U = 126.0, z = 1.01,
p = 0.31; type of education Fisher’s exact p = 0.17;
gaming experience U = 130.0, p = 0.38). Clinical
characteristics of the children and adolescents with
ABI are presented Table 1.

3.1.2. Total duration
Total duration of assessment was comparable

between the typically developing children and adoles-
cents and those with ABI (F(1,34) = 3.30; p = 0.078).
Duration was significantly shorter with the CM
setup compared to the HMD setup (F(1,34) = 5.81;
p = 0.022). When comparing the duration between
groups for CM versus HMD, there was a marginally
significant interaction, with no apparent difference
in duration between CM and HMD assessment
for the children and adolescents with ABI, yet a
shorter duration for the CM assessment compared
to the HMD assessment for the typically developing
children and adolescents (F(1,34) = 3.96; p = 0.055;
Fig. 1c). When HMD assessment was split for Ocu-
lus and HTC, total duration of assessment was again
comparable between typically developing children
and adolescents and those with ABI (F(1,32) = 0.59;
p = 0.81). Duration was significantly shorter with
the Oculus setup compared to the HTC setup
(F(1,32) = 6.93; p = 0.013), which was comparable
for typically developing children and adolescents
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Table 1
Demographic, clinical and cognitive characteristics split on children and adolescents with ABI and typically

developing children and adolescents (where applicable)

Demographic characteristics Children and Typically Statistical
adolescents developing analyses
with ABI (n = 21)
(n = 15)

Sex (% male) 60.0 61.9 p = 1.00
Age in years (mean, SD) 15.1 (2.6) 14.6 (1.7) p = 0.31
Type of education (%) p = 0.17

Regular primary education 13.3 0
Regular secondary education 86.7 100
Dedicated special needs 0 –

Gaming experience questionnaire
(0–18 (mean, SD)) 13.9 (2.5) 14.4 (3.0) p = 0.38
ABI type (%)

Trauma 53.3 –
Haemorrhage 13.3 –
Oncology 20 –
Infection 13.3 –

Hemisphere of damage (%)
Left 6.7 –
Right 20 –
Bilateral 53.3 –
Unknown/other/not applicable 20 –

Days post-ABI (mean, range) 662 (32–2921) –
Montreal Cognitive Assessment 0–30 (mean, SD) 27.5 (2.1) 28.4 (2.9)

and those with ABI (F(1,32) = 0.016; p = 0.90; see
Fig. 1d).

3.1.3. Number of products found
Total number of products found was significantly

higher for the typically developing children and ado-
lescents compared to those with ABI (F(1,34) = 7.81;
p = 0.008). There was no difference in number of
products found between the CM setup compared to
the HMD setup (F(1,34) = 1.94; p = 0.17), and there
was no significant interaction between group and
setup (F(1,34) = 1.94; p = 0.17; Fig. 1e). When HMD
assessment was split for Oculus and HTC, the total
number of products found was significantly higher
for the typically developing children and adoles-
cents compared to those with ABI (F(1,32) = 10.2;
p = 0.003). There was no difference in total num-
ber of products found between the Oculus setup
and the HTC setup (F(1,32) = 0.36; p = 0.550), which
was comparable for typically developing children
and adolescents and those with ABI (F(1,32) = 0.001;
p = 0.98; see Fig. 1f).

3.2. User-experience

With respect to Engagement, Transportation,
Flow, and Presence, children and adolescents with
ABI reported significantly lower scores compared
to typically developing children and adolescents

(F(1,34) = 5.55, p < 0.02; Fig. 2). Furthermore, these
scores were overall significantly lower for the CM
setup compared to HMD (F(1,34) > 7.7, p < 0.009),
which was comparable for children and adoles-
cents with ABI and typically developing children
and adolescents (F(1,34) < 1.17, p > 0.29). Reported
side effects were comparable between children and
adolescents with ABI and typically developing chil-
dren and adolescents (F(1,34) = 1.22, p = 0.28) and
between setups (F(1,34) = 1.57, p = 0.22).

When split for type of HMD, reported scores
for Transportation, Flow, and Presence were lower
for children and adolescents with ABI compared
to typically developing children and adolescents
(F(1,34) > 4.60, p < 0.04) and this was the case
for both the Oculus and the HTC (F(1,34) < 0.54,
p > 0.47). Only for Engagement and Side effects,
scores did not differ between children and adoles-
cents with ABI. Typically developing children and
adolescents scored comparably on Engagement and
Side effects (F(1,34) < 3.56, p > 0.07) and this was the
case for both the Oculus and the HTC (F(1,34) < 0.13,
p > 0.72).

3.3. Preference

Considering the typically developing children and
adolescents, 51% preferred to use the HMD, whereas
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Fig. 1. (Continued)
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Fig. 1. a) Distributions of total duration of assessment (in seconds). Even though the data is not normally distributed, the distributions of both
groups (red line: head mounted display; blue line: computer monitor) are similar. Therefore we were able to use an ANOVA for analyses,
despite the data not being normally distributed; b) Distributions of the number of products found. Even though the data is not normally
distributed, the distributions of both groups (red line: head mounted display; blue line: computer monitor) are similar. Therefore we were able
to use an ANOVA for analyses, despite the data not being normally distributed; c) Total duration (and standard deviation) of the assessment
for children and adolescents with ABI and typically developing children and adolescents, split for setup (CM versus HMD); d) Total duration
of the assessment for children and adolescents with ABI and typically developing children and adolescents, split for setup (Oculus versus
HTC); e) Number of products found (and standard deviation) for children and adolescents with ABI and typically developing children and
adolescents, split for setup (CM versus HMD); f) Number of products found for children and adolescents with ABI and typically developing
children and adolescents, split for setup (Oculus versus HTC).

49% did not report a specific preference. Consider-
ing those with ABI, 40% had a specific preference
for the HMD, 36% had a specific preference for the
CM, and 24% did not report a specific preference
for setup. When split on Oculus versus HTC, there
was an increase of children and adolescents with
ABI reporting a specific preference for the HMD
(20% versus 50%, respectively) and a decrease of
children and adolescents reporting a specific prefer-
ence for the CM (60% versus 24%, respectively). For
the typically developing children and adolescents, the
percentage remained comparable (Oculus: 52% pref-

Fig. 2. Mean scores with 2 standard deviation error bars on the
user-experience questionnaire, split on sub-categories Flow, Trans-
portation, Engagement, Side effects, and Presence; a) overview of
scores for the HMD setup for both groups; b) overview of scores
for the CM setup for both groups.

erence for the HMD, 48% no preference; HTC: 51%
preference for the HMD, 49% no preference). The
percentage of children and adolescents without a spe-
cific preference for setup was comparable: 20% of the
children and adolescents assessed with the Oculus
versus 26% of the children and adolescents assessed
with the HTC. For children and adolescents report-
ing cybersickness (n = 7; scores > 3 on item 5 of the
user-experience questionnaire), 20% had a specific
preference for the HMD setup, 31.4% for the CM
setup, and 48.6% did not report a specific prefer-
ence. For those reporting no cybersickness (n = 29;
scores < 3 on item 5 of the user-experience question-
naire), 53.1% had a specific preference for the HMD
setup, 11.1% for the CM setup, and 35.9% did not.
As such a small number of children and adolescents
reported cybersickness, these distributions should be
interpreted cautiously.

4. Discussion

The aim of the current study was threefold:
(1) to evaluate the feasibility of a VR simula-
tion, determining whether children and adolescents
with ABI were able to use non-immersive (CM) or
immersive (HMD) VR setups; (2) to examine the
user-experience per setup (CM or HMD); and (3) to
determine which setup the children and adolescents
with ABI prefer.

To the best of the authors’ knowledge, the feasibil-
ity of immersive VR for children and adolescents with
ABI has not been studied before. This study demon-
strated that the feasibility was high; children and
adolescents with ABI were able to work with both the
VR setups (CM and HMD), could find nearly all prod-
ucts on their shopping lists, and find the cash registers
to pay for their products. This was comparable to
the performance of typically developing children and
adolescents. Moreover, the whole assignment was an
appropriate length of time and comparable to conven-
tional neuropsychological testing. The most notable,
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clinically relevant outcome of this study concerns the
feasibility for both non-immersive and immersive VR
in children and adolescents with ABI; preference for
setups was equally distributed in our sample of chil-
dren and adolescents and both setups were highly
feasible to use. It appears that setup could be chosen
to best suit the child as well as the clinical or research
aim (see also below, where progression in hardware
and software development is discussed).

The user-experience of immersive VR (HMD) was
better compared to non-immersive VR (CM) in both
children and adolescents with ABI and typically
developing children and adolescents. Scores at the
level of sub-categories for experience with the HMD
were moderate up to good (approximately 8–12),
depending on the specific category. Engagement,
Transportation, Flow, and Presence are obviously
important factors for a better VR user-experience,
especially when aiming to use VR simulations in
clinical settings to mimic the dynamic and complex
situations of daily life. Even though not all children
and adolescents reported high scores on Trans-
portation and Flow (approximately 8–10), scores on
Presence and Engagement were good (9–12). It is
considered that with a high feeling of Presence it
is easier to interact with the environment and to
show natural behaviour [15]. This means children
and adolescents probably demonstrate more natural
behaviour in the HDM environment, which should be
considered when designing future studies.

Virtual reality offers the opportunity to choose any
possible environment. In this case, a virtual super-
market was chosen to appeal to a broad age range.
A supermarket is a well-known environment for chil-
dren and appeals to several cognitive aspects such
as natural exploration, search behaviour, as well as
a focused mission. Children and adolescents scored
‘Engagement’ as good, which includes being curi-
ous about the environment, attention was drawn to
the environment and wanting to explore the envi-
ronment (items 4, 9 and 13 on the user-experience
questionnaire). Additionally, it is important to min-
imise side effects, such as nausea or dizziness, which
are reported in the adult population [16]. Studies on
side effects of VR simulations in children and adoles-
cents are scarce [11, 12]; it appears that side effects or
cybersickness are not often reported and do not tend
to result in premature termination of assessment. In
this study, the reported side effects were also low and
comparable between children and adolescents with
ABI and typically developing children and adoles-
cents. There was no difference between setups (HMD

and CM). Last, only six children and adolescents
reported cybersickness in our study and none pre-
maturely terminated the session. Despite a somewhat
larger preference for the CM in the children and ado-
lescents not reporting cybersickness, those in both
groups did not report a specific preference.

Considering the current software and hardware,
VR simulations are appropriate for use in paediatric
rehabilitation. During and after the study, superior
hardware (and software) has been released, enhanc-
ing the VR user-experience. However, this may have
important consequences for the assessment that was
observed in the current study as well. For example,
visual acuity was enhanced in the HTC compared
to the Oculus. It was therefore easier to read the
advertisements and the labels of products or prizes
in the supermarket when performing the task wear-
ing the HTC compared to the Oculus. Observations
and verbal feedback (not formal, informal verbali-
sation (of strategy maybe) during the assessment)
during the assessment were that children and ado-
lescents read more of the advertisements and labels
and/or compared labels of products while verbalis-
ing their strategy. Superior hardware likely improves
the experience inviting children and adolescents to
explore further.

Improved VR software and hardware is important
for future clinical and research aims. As previously
mentioned, improved hardware changed the pref-
erence of VR set up in children and adolescents.
Hence, enhanced experience most likely will lead
to a more pronounced preference. Other outcome
measures (i.e., eye tracking features and navigation
features) will likely provide better insight into the
(quality of) cognitive functioning in children and ado-
lescents, leading to potentially more nuanced and
detailed cognitive assessment.

This was a first exploration of the use of VR in the
rehabilitation for children and adolescents with ABI.
Although there is a great promise for VR in capturing
cognitive strengths and weaknesses in a realistic envi-
ronment, considerations should be made. The sample
size of both groups was small. Also, there was rela-
tively high bias in the type and/or level of education
for both the typically developing children and ado-
lescents and the children and adolescents with ABI.
At time of testing, no children and adolescents with
ABI were referred to dedicated special needs schools.
Therefore, the feasibility, user-experience and pref-
erence of more severely affected (e.g., cognitive,
motor, learning disabilities) children and adolescents
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remain unclear. The current sample included children
and adolescents with ABI admitted for both inpa-
tient and outpatient rehabilitation. As the subgroups
were small, there was not enough power to analyse
them. However, these participants did not prema-
turely abort the session or report side effects, such as
nausea, which would warrant early termination and
decrease the feasibility. Considering this was a mono-
centre study, generalisation to other settings is not
possible. Nevertheless, major issues are not foreseen
when using VR simulations in other clinical paedi-
atric settings, as De Hoogstraat Rehabilitation Centre
provides both inpatient and outpatient rehabilitation
for a wide range of disabilities, according to Dutch
standards and triage criteria.

Importantly, this study was not designed to assess
cognitive function in a very precise and detailed man-
ner. For feasibility and especially user-experience
and preference, it works a lot better when children
and adolescents have a task at hand. Larger shop-
ping lists can be created to increase the assessment’s
difficulty level. It remains unclear what the optimal
time for cognitive assessment is. Also, it would poten-
tially be desirable to consider a difficulty level or
duration time that challenges the children and ado-
lescents cognitively, which does not overstimulate
them. In paediatric rehabilitation, it is important to
adjust the rehabilitation programmes for complaints
experienced in daily life. Children and adolescents
frequently wish to be ‘normal’. There may be room
for adjustments at (high) schools and in social groups,
but children and adolescents would rather blend in.
Nowadays, neuropsychological assessment and clin-
ical judgement is used to anticipate the problems
that can occur when children and adolescents with
ABI return to daily life situations. VR simulations
may help to signal realistic problems in multitasking
environments. Alternatively, it could be argued that
a VR simulation has the potential to gradually teach
how to overcome overstimulation. This is essential
for children and adolescents, given that social inter-
actions at school, sports, (birthday) parties and during
daily activities, such as doing errands, are of utmost
importance for social and cognitive development.

Collectively, VR simulations demonstrate the
potential to be developed into a cognitive assessment
tool. It appears feasible to use it in both inpatient
and outpatient settings for paediatric rehabilitation.
Future studies should evaluate the feasibility of using
VR for cognitive assessment in groups of children
and adolescents with more severe motor, cognitive
impairments, and/or intellectual disabilities. Addi-

tionally, more sensitive outcome measures derived
from the assessment should be developed to predict
cognitive functions and further relate theses outcome
measures to cognitive complaints in daily life.
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