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Abstract

In recent years, immersive virtual reality technology (IVR) has seen a substantial improvement
in its quality, affordability, and ability to simulate the real world. Virtual reality in psychology
can be used for three basic purposes: immersion, simulation, and a combination of both. While
the psychological implementations of IVR have been predominately used with adults, this
review seeks to update our knowledge about the uses and effectiveness of IVR with children.
Specifically, its use as a tool for pain distraction, neuropsychological assessment, and skills
training. Results showed that IVR is a useful tool when it is used either for immersive or
simulative purposes (e.g., pain distraction, neuropsychological assessment), but when its use
requires both simulation (of the real world) and immersion (e.g., a vivid environment), it is
more challenging to implement effectively.

Introduction and basic definitions of key concepts

The introduction of virtual reality (VR) as a concept can be traced back to 1957 when Morton
Heilig, a cinematographer, thought audiences would be more engaged with narratives if all
their senses could be stimulated. The focus on immersion in Heilig’s version of VR remains an
important concept today, particularly in the realm of video gaming, where theorists and
designers regularly assess VR environments for their impressiveness. Immersion in this context
is the feeling of complete engagement or involvement in a 3-D, computer-generated world that
perceptually surrounds the viewer using images, sound, or other stimuli to provide a
captivating environment (Fallis, 2013). In contrast to entertainment VR, which focuses on
immersion, applied commercial and industry uses of VR focus on simulation. As such, the
success of the applied uses of VR depends on the extent to which the virtual experience
simulates the real-world environment or situation for the user (Turner et al., 2016).

The concepts of presence, immersion and simulation are frequently discussed when
considering virtual reality environments. Slater and Wilbur (1997) defined presence as the
inherent function of the user’s psychology. In other words, presence is linked to the mental
processes that occur when the user gets psychologically drawn into a virtual world, focusing
on the experience of being part of the virtual environment (Biocca, 1997). Immersion, on the
other hand, can be considered as a quality of the system’s technology and is related to its ability



to present a vivid environment while shutting out the physical reality (Cummings & Bailenson,
2016).

According to Slater and Wilbur (1997), a system is more likely to shut out physical reality if it
offers three different aspects: 1) high fidelity environments through stimulation of multiple
senses, 2) accurately represents the users’ physical movements with virtual body actions, and
3) blocks the external world from the participant’s mind, permitting the user to then become
psychologically engaged in the virtual environment. Therefore, as Cummings and Bailenson
(2016, p. 274) state “the more immersive the system, the more likely an individual will feel
present within the mediated environment and the more likely that the virtual setting will
dominate over physical reality in determining user responses’.

Moreover, simulation is defined as an imitation of a particular appearance or form, and this
term is used in virtual reality as the attempt to recreate characteristics of the real world
(Beaubien & Baker, 2004). VR experiences can focus on different aspects of the technology.
There are VR applications where its success relies on the capacity of the technology to
accurately replicate the physical world (e.g., in military or aviation training). There are other
VR applications where the simulation of the real world is not an essential aspect of the
experience; its success relies on how well the user is psychologically involved in the
environment (e.g., pain distraction experiences).

This review focuses on three different dimensions of VR technology to evaluate its
effectiveness on different uses with children: immersion (vivid environment that blocks or
distracts the user’s mind from the real world), simulation (accurate representation of the real
world) and the combination of the two, immersion and simulation.

There are six different types of VR systems: computer-based VR (also known as non-
immersive VR), mirror systems, vehicle-base systems, Cave automatic virtual environment
(CAVE), immersive virtual reality (IVR) and augmented reality (Biocca & Levy, 1995).
However, state-of-the-art VR systems typically make use of either IVR or CAVE systems,
which are currently used in psychological implementations (Pan & Hamilton, 2018). Both
types of systems involve certain level of immersion, and the use of multisensory computer-
simulated environments that perceptually surround an individual, leading the user to believe
they have stepped inside or can interact with the generated world.

The following abbreviations are used throughout this review:

ABI acquired brain injury

ADHD attention deficit hyperactivity disorder
ASD autism spectrum disorders

CAVE cave automatic virtual environment
CPT continuous performance test

HMD head-mounted display

IVR immersive virtual reality

TD typically developing

TOVA Test of Variables of Attention

VR virtual reality

1.1. Virtual reality in psychological research and practice



A key reason for the growing profile of IVR in psychological research is that IVR is a
multifaceted technology that can serve a range of purposes to create a VR environment that is
immersive, simulative, or both. Psychological uses of VR vary in the extent to which these
properties are exploited in a psychological implementation; for example, the immersive
properties of VR have been investigated as tools in immersion therapy to help adults overcome
phobias (Rothbaum et al., 2015). VR’s simulative properties have also been used as a skills
training tool for pilots, astronauts, and others (Oberhauser et al., 2018).

While the psychological implementations of IVR have been predominately used with adults,
there is a growing interest in evaluating how IVR can be used with children (Araiza-Alba et
al., 2020; Araiza-Alba et al., 2020; Aubrey et al., 2018). A specific focus on children is
important for a number of reasons. As pointed out by Sharer et al. (2007), children’s
expectations while immersed in a VR system may differ from adults’ expectations, leading to
different outcomes when assessing the effectiveness of an IVR-based program. Similarly,
children and adults may differ in the extent to which they react to a VR environment as a real
physical experience, potentially influencing the effectiveness of VR used for immersive and
simulative purposes. Additionally, using IVR-based interventions with children may provoke
concern in a society that is already somewhat skeptical of children’s growing media exposure
(Huber et al., 2018). Therefore, researching the effectiveness of applied pediatric psychology
uses of IVR is important to determine if the benefits of such programs outweigh the risks of
additional media exposure. Here we offer a literature review of three uses of IVR with
developmental populations: 1) for pain distraction for children; 2) as a neuropsychological
diagnostic tool; and 3) as a social-skills training tool for children with autism spectrum
disorders (ASD). These uses were specifically chosen because they differ in the extent to which
their success relies on immersion, simulation, or a combination of the two. We were guided by
our hypothesis that IVR would be a useful tool when it is either immersive or simulative, but
cases that require both simulation (of the real world) and immersion would be more
complicated to implement and therefore less effective. The primary purpose of this review is
to provide a summary of which implementations of VR technology are more likely to be
effective with children and what does not work with this population, as well as offer a starting
point for future research. To that end, we describe the key procedural details and main findings
of our studies in this review. We complement these descriptive summaries with the relevant
statistical details (including when possible, means, standard deviations, inferential statistics,
and effect sizes) in our supplemental analyses.

VR technology used as pain distraction for children

2.1. Historical context

While treating children with critical illness and injuries, the pediatric clinicians conduct a
variety of distressing and painful procedures every day. Coping strategies and less painful
interventions have been investigated for years. One of the most well-known coping strategies
is distraction (Gershon et al., 2003), which has been used for many years with significant
results. Its basic principle is that attention is diverted away from an unpleasant stimulus and is
focused instead on a more pleasant one (Mccaul & Malott, 1984).



Some studies have shown that distraction decreases the affective and sensory mechanism of
pain by reducing the activation of the brain areas associated with it, making distraction an
effective strategy for reducing procedural pain, fear, and distress. When an individual’s
attention is occupied by a distracting task, the brain responds differently and results in a
reduction of pain (Windich-Biermeier et al., 2007). The effectiveness of combining
pharmacologic treatments and distraction techniques for pain management has been known for
many years, and the introduction of non-immersive VR distractions seems to be one of the
many ways researchers and clinicians are trying to reduce distress during medical procedures
(Koller & Goldman, 2012).

Non-immersive VR (VR experiences that use desktop or laptop screens to present the virtual
environment to a user) seems to work well as a distraction strategy in a number of medical
contexts for children experiencing painful or fear-induce medical procedures. For example,
playing video games during burn-wound care can lower pain and anxiety and also help with
faster wound re-epithelialization (Brown et al., 2014). Nilsson et al., 2009) also reported that
children with cancer who used video games while undergoing a needle-related procedure had
reduced procedural pain and distress. Similarly, Gerg¢eker et al. (2018) found that the use of
videos (watched on a HMD) and external cold and vibration are effective in reducing the pain
in children during phlebotomy.

In the next section, we describe uses of IVR as a distraction from medical procedures, thus
reducing pain and anxiety in children, and we also explore the idea that greater immersion
should result in greater distraction and less pain. The main goal of VR in pain distraction is to
immerse the mind of the patient in a world unconnected to the one in which they are undergoing
a medical procedure, thereby taking their mind away from the present situation. The studies
discussed next focus on the distraction potential of VR technology and do not rely on accurate
simulations of the real world.

2.2. Literature review strategy

The purpose of our literature review was to identify papers that examined the effectiveness of
IVR as a pain distraction tool. Our literature search was guided by the population, intervention,
comparison, and outcomes of interest (PICO) model (Schardt et al., 2007), with the following
inclusion requirements:

e Population: The study must evaluate children and/or adolescents (aged 0—18 years old)
and must have a total sample size of at least 10 participants per group.

e Intervention: Must include an intervention using IVR as a distraction tool.

e Comparison: Must include a non-IVR distraction intervention as a comparison group.

e Outcomes: Must report on the effectiveness of [VR as a distraction tool.

2.2.1. Search strategy and study selection

The search strategy was devised through scoping the literature for keywords indexed in
published journal articles using the terms: (child* OR paediatric OR pediatric) AND (pain OR
anxiety) AND distract* AND "virtual reality.” Our original search was conducted in August
2018 and was updated in February 2019. Papers that self-identified as pilot or feasibility studies
were excluded. An exhaustive search of the literature was conducted on (a) SCOPUS, which
indexes the literature from life sciences, social sciences, physical sciences and health sciences



and b) MEDLINE, which focuses on life sciences and biomedical literature. The search
produced 72 results after removing duplicates.

The PICO inclusion criteria were applied to these papers, resulting in 27 studies that satisfied
at least one criterion and 6 studies that satisfied all of them. The majority of the excluded
studies did not use IVR, only tested adults, or did not compare IVR distraction to non-IVR
distraction.

2.3. Review results

Our results found that IVR was most commonly used to distract children from the pain of
medical procedures during treatment for burns or chorionic wounds, during venous access, and
oncological care; however, the majority of the studies were either pilot, feasibility, or case
studies (e.g., Gershon et al. (2004); Wint et al. (2002)) or did not satisfy the inclusion criteria.

From the six studies that satisfied all of the PICO inclusion criteria (see Table 1), five of them
reported that VR is a useful and effective technology that can be used as a distraction tool with
children. The majority of the results showed a significant reduction in pain and/or anxiety in
children using IVR distraction compared with control groups or standard distractions (e.g.,
toys, television, books, and parental comforting) in a variety of pediatric medical procedures.
The majority of the results were taken from the reports of the patients and their caregivers. Key
examples of effective use of IVR to reduce pain or anxiety are described in the following
sections.

2.3.1. Wound and burn care

Hua et al. (2015) demonstrated analgesic results by using IVR while treating patients with
chronic wounds (e.g. leg ulcer). Sixty-five children, aged 4 to 16 years, with chronic wounds
on their lower limbs, were randomly divided into two experimental groups, VR group and a
control group that received standard distraction methods (toys, television, books, and parental
comforting). The VR group was instructed to play a VR game, Ice Age 2, an immersive virtual
game in which the participant controls Sid the Sloth, who slides down a snowy path collecting
acorns and avoiding obstacles. The game was displayed in an HMD while the patients
underwent dressing changes, including removing the dressings, cleaning the wound, and
applying a new dressing.

They used three scales to measure the children’s pain before, during, and after the dressing
change. Critically, the before pain scores were measured once the child was involved in the
distraction intervention. Children self-reported their pain on the Wong-Baker FACES pain
rating scale, caregivers rated their children’s observed pain on the visual analogue scale (VAS),
and nurses rated the children’s observed pain and distress using the Face, Legs, Activity, Cry,
Consolability (FLACC) scale. They also measured how long it took to complete the dressing
change for each child. The VR distraction group had significantly lower pain responses
compared to the control group on 8 of the 9 measures; the only measure that was not statistically
significant was for the nurses’ ratings of pain before the dressing change. In addition, it took
less time to complete the dressing change for children in the VR group compared to the control
group. As reported in Supplemental Table S1. 1, these significant results were accompanied by
medium to large effect sizes (0.55 = ds < 1.87).



A few limitations are worth noting. First, it is difficult to control for previous pain experiences
because chronic wounds generally require multiple dressing changes. Second, the participants,
caregivers, and nurses were not blinded to the participants’ assigned condition. Lastly, no pain
or anxiety scores were taken before the intervention; a baseline score for pain would rule out
the alternative explanation that the observed differences between the two groups were driven
by pre-existing differences in pain rather than the intervention.

Similar pain distraction results were found by Jeffs et al. (2014) when using IVR with children
and adolescents involved in burn treatment. Thirty children and adolescents 10 to 17 years of
age with burn wounds were randomly assigned to one of three groups (28 participants
completed the entire study). In the standard care group, participants (n = 10) received typical
comfort from nursing staff and parents. In the passive distraction condition, participants (n =
10) watched a movie. In the IVR distraction group, participants (n = 8) played a VR interactive
game, Snow World, where users scored points by throwing snowballs at snowmen, penguins,
etc. This immersive VR environment was displayed using a tripod-arm device holding the VR
glasses to avoid the exclusion of patients with burns to the head. Importantly, even though this
equipment did not allow the same mobility and tracking of head movements as a regular HMD,
the results were promising.

The Adolescent Pediatric Pain Tool word graphic rating scale was completed before
assignment to condition (baseline, preprocedural measure) and after the burn wound care
procedure. Participants also completed a number of other measures, which were controlled for
in the analyses (e.g., state anxiety). Participants in the IVR group reported significantly less
procedural pain than the PD group and was the only group to demonstrate a significant decrease
in pain perception from baseline (preprocedural pain) to pain experienced during the procedure
(Jeffs et al., 2014).

Jeffs et al. (2014) did not share two of Hua et al. (2015) limitations. Namely, they included a
baseline measure of pain and also blinded the staff until the pre-procedure measures were
completed. Nonetheless, it was not possible to blind staff to the intervention condition for the
entirety of the study. Another limitation is the small number of participants in this three-group,
between-subjects study. Additionally, the variation in days from the original burn injury and
the individual's experience with previous wound care episodes could have potentially affected
participants’ perception of anxiety and pain. Finally, they used a generic VR environment
rather than one specifically designed to reduce pain.

Kipping et al. (2012) also provides evidence of the potential of IVR as a distraction tool for
burn patients. Forty-one children and adolescents (11-17 years) undergoing burn-wound care
were divided to receive either a standard distraction (e.g., music, TV, or stories) or IVR
distraction—a 3-D game, either Chicken Little or Need for Speed, where participants used a
joystick to interact with the environment). Both groups received identical wound-care
procedures and medication protocols.

Kipping et al. (2012) measured various acute pain outcomes, including adolescent self-reports
of pain and nausea and caregivers’ ratings of their pain (both using the Visual Analogue Scale
[VAS]), nurses’ ratings of their pain (using the FLACC scale), physiological measures (i.e.,
heart rate and oxygen saturation), and whether the patients required rescue doses of pain
medication (Entonox). All measurements were taken at three time periods: baseline, after
dressing removal, and during dressing application, and they analysed mean change scores by
subtracting the baseline measures from the removal and application scores. Of the 8 pain



continuous variables, the only significant difference was the nurses rated patients in the
standard distraction group as experiencing more pain during the dressing removal than those
in the VR distraction group. As reported in Supplemental Table S1. 2, this comparison
produced a medium to large effect (d = .73, 95% CI [0.10, 1.37]). Kipping et al. also reported
a reduction in the number of rescue doses given 3/20 (VR distraction group) vs. 9/21 (standard
distraction group); however, the significance of this effect is questionable (see our
supplementary analyses). Similar to the previous studies presented above, the limitations of
this study are related to the impossibility of a double-blind study and the use of a generic VR
equipment and game that were not tailored for pain relief or children’s use.

2.3.2. Research of pain control (cold-pressor test)

Apart from the uses mentioned above where IVR has been implemented during a pediatric
treatment, IVR has also been used in other research of pain control for children, demonstrating
its potential as a distraction. Sil et al. (2012) and Dahlquist et al. (2009, 2010) used IVR as a
distraction tool for a cold-pressor test. The three studies showed that children using IVR
significantly improved their pain tolerance relative to the baseline. The IVR game, however,
did not outperform traditional interactive video games. For instance, Sil et al. (2012) found no
significant difference between the regular and VR videogame conditions on children’s pain
tolerance. Moreover, Dahlquist et al. (2009) was the only study to demonstrate that the
distracting benefits of IVR might be stronger for older children than younger children. Please
see our Supplemental Analyses for summary and inferential statistics for these studies.

2.4. Conclusion: effectiveness of IVR for pain distraction

The results of this review reveal that when IVR distraction is used along with standard
analgesic therapy, pediatric patients can have a clinically meaningful degree of pain relief while
undergoing a range of medical procedures. This finding is consistent with other reviews that
have focused primarily on adult patients (Mallari et al., 2019) and with a recent metanalysis
done with pediatric population (Eijlers et al., 2019) where large effect sizes indicate that VR is
an effective distraction intervention to reduce pain in pediatric patients undergoing a wide
variety of medical procedures. The apparent effectiveness of IVR for pain distraction in
children is consistent with our guiding hypothesis that applications requiring immersion but
not simulation would be more easily implemented than applications requiring both simulation
and immersion. In the literature described above, the common feature of each application was
that it was designed primarily to distract children from the painful procedure taking place in
reality. Whether or not the VR environment was effective at simulating a real environment was
largely irrelevant.

2.5. Gaps and suggestions for future research

IVR clearly has potential as a pain distraction tool with children. However, an interesting
question arose while studying the relationship between IVR distraction and pain
management—does the effectiveness of IVR distraction techniques continue during
consecutive treatments or uses? The vast majority of the studies in children measured the effect
of IVR during a single session, but Faber et al. (2013) demonstrated that immersive VR
distraction has the potential to continue effectiveness when used for three (or possibly more)
consecutive treatments during severe burn-wound debridement in adults. Therefore, further



research with children is needed to assess the efficacy of IVR as a possible tool used for
children with chronic pain and as a tool for long-term pain rehabilitation.

Treatment of chronic pain is another area where IVR may have benefits; however, in general
there is not much research on treatments for children. Most of the treatments are normally
extrapolated from research on adults, and even those studies show that the evidence for
effectiveness is limited (Eccleston & Malleson, 2003). Information is lacking about the
effectiveness of IVR combined with other nonpharmacological treatment modalities and about
the possibility that IVR can generate neurophysiologic changes leading to a reduction in need
for pain medication (Gupta et al., 2018; Li et al., 2011; Shiri et al., 2013). To date, only a few
studies have investigated VR for chronic pain management, and the data are preliminary or
they focused on an adult population (Wiederhold et al., 2014). Therefore, there is a need for
further research that explores these possibilities in children.

Another important question about the value of IVR as a distraction tool is related to its potential
to enhance the distraction effect compared to traditional video games. For example, in the
studies by Sil et al. (2012) and Dahlquist et al. (2009, 2010) described above, IVR did not
enhance the effect of distraction over traditional video games. Nonetheless, it is possible that
these results could be attributed to the use of out-of-date VR technology (not as compelling
and immersive as the latest VR technology). Hence, studies of IVR are necessary to investigate
not only the possible enhancement of distraction effects when using leading-edge technology,
but also the possible difference between using IVR in a passive way (e.g., using the HMD to
watch a VR film or calm/meditation experience) or in an interactive way (e.g., IVR interactive
game). During our literature review, we found two studies (that did not fit in our inclusion
criteria) that investigated the difference between interactive IVR versus passive IVR (Dahlquist
etal.,2007; Law et al., 2011); however more research is need to determine what aspects of the
interactivity, such as type of game or cognitive processes involved during the activity, are
needed to generate greater benefits as a distraction tool.

Additionally, future research efforts should investigate the idea of IVR as a relaxation tool (to
prepare the patient for a medical procedure) rather than just as a distraction mechanism and
analyze the effects that this technology could have on reducing the fear of routine medical
procedures in children. The preliminary results of pilot studies have shown the potential of VR
relaxation to manage pain and distress or anxiety (Arane et al., 2017). However, more studies
are needed to reproduce these results in large, randomized control studies.

Finally, there is an important limitation on the study of IVR as a distraction tool for medical
procedures. The majority of studies that compare the effectiveness of IVR with other types of
distraction do not take in consideration that perhaps the mere fact of wearing an HMD (that
blocks the view of the medical procedure) is the responsible from the distraction and reduction
of pain effect, and not the immersion generated from the technology. To overcome this
limitation, future research should compare IVR with other interventions in which the medical
procedure is blocked from the children’s view.



Table 1: IVR used as pain distraction for children

Authors Population Intervention Comparison Outcomes Type of pain Type of VR
N (age treatment or cold- technology
range) pressor pain test
Dahlquist 41 children VR game: Video game: Both distraction conditions  Cold-pressor pain HMD with a joystick
etal. (6-14 participants presented via a resulted in improved pain
(2009) years old)  used a joystick  computer screen tolerance relative to
to play a and stereo baseline. Older children
videogame that  speakers showed more pain
was presented tolerance in the VR
through a 3-D Baseline: no condition than younger
HMD helmet distraction children.
with integrated
headphones
Dahlquist 50 children VR game: Video game: Children demonstrated Cold-pressor pain HMD with a joystick
al. (2010)  (6-10 participants presented via a significant improvements
years old)  used a joystick  computer screen in pain tolerance during
to play a and stereo both distraction conditions.
videogame that  speakers No significant difference
was presented between the traditional and
through a 3-D Baseline: no VR videogame conditions.
HMD helmet distraction
with integrated
headphones
Hua et al. 65 children VR game using  Standard Children in the IVR group  Pain relief of HMD with a joystick
(2015) (4-16 an HMD and a  distraction reported significantly less  chronic wound
years old)  joystick. methods: toys, TV, pain compared with the during dressing
books, and control group before, change
parental during, and after dressing
comforting changes than the control

group. The caregivers’ and
nurses’ ratings of the



Jeffs et al.
(2014)

Kipping et
al. (2012)

30 children
(10-17
years old)

41 children
(11-17
years old)

VR game with a
joystick.

VR game with a
joystick

Standard care:
nurse and parents’
comfort;

Passive
distraction: movie

Standard
distraction: access
to TV, stories,
music, caregivers,
or no distraction in
the treatment
room, per personal
choice and
standard practice

children’s pain was also
lower for the IVR group
than the control group.

IVR group was the only Pain reduction in
group to have an estimated  burn patients
decrease in pain perception

from baseline

(preprocedural pain) to

procedural pain.

Pain reduction in
burn care

Nursing staff reported a
statistically significant
reduction in pain scores
during dressing removal.
Fewer patients in the VR
group than the standard
distraction group required
rescue doses. No
significant differences
between groups in
patients’ self-reported pain
or caregivers’ ratings of
patients’ pain.

HMD on a custom-
built, articulated-arm
tripod device

HMD

10



Sil et al.
(2012)

62 children VR game
(6-13
years old)

Traditional
videogame:
Nintendo Wii
console operated
by a wireless
handheld
controller;
Baseline: control
condition with no
distraction

Children demonstrated Cold-pressor pain ~ HMD
significant improvement in

pain tolerance during both

videogame distraction

conditions compared to the

baseline. No significant

difference between the

traditional and VR

videogame conditions.
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IVR used as a neuropsychological tool for children

3.1. Historical context

Neuropsychological testing involves the use of structured-systematic behavioral observations,
paper-and-pencil tasks, and computerized psychometrics to assess brain and psychological
functioning (Walsh & Darby, 1999). Although, technological advancement has influenced
methods for neuropsychological testing (Brahnam et al.,, 2011), computer-based
neuropsychological assessment in clinical diagnostic practice has recently become more
common as key advantages to adopting technology have been identified. Such advantages
include more time-efficient scoring and reducing errors in test administration (Galindo-Aldana
etal.,2018). Moreover, when used with children, other benefits have been noted. For example,
children find the computerized testing format to be more interesting and motivating than paper-
and-pencil testing (Luciana, 2003).

The idea of potentially using VR in the area of neuropsychology first emerged in the mid-
1990s; however, the technology was not fully ready to deliver compelling experiences that
could recreate a real environment and provide a cognitive challenge for the participants. Initial
work in this area was led by a small number of researchers exploring VR tools to assess
cognitive performance in patients with central nervous system dysfunction (Cromby et al.,
1996; Rose et al., 2001). Although, the majority of their work did not involve immersive VR
systems, the results highlighted the potential value of this technology to assess cognitive
function while maintaining decent ecological validity (Brahnam et al., 2011; Rizzo et al., 2004)

Whether neuropsychological tests involve computer-based testing or not, neuropsychology
testing arguably suffers from low to moderate ecological validity because the subjects are
tested in isolation from real-life complexity. For example, testing normally occurs in a quiet
room free of distractions, which does not represent the challenges that people face in everyday
life (Chaytor & Schmitter-Edgecombe, 2003; Nolin et al., 2016; Parsons et al., 2007). Rizzo et
al. (2004) has suggested VR as a possible means to enhance the ecological validity of
neuropsychology testing because it is capable of introducing visual complexity by simulating
a real environment (e.g., adding distractions, interaction with 3-D objects, etc.), therefore
allowing greater control and replicability during diagnostic testing (Rizzo et al., 2004). This
technology has already been applied to testing procedures for a number of cognitive domains
with adults, including executive function, attention, impulsivity, cognitive and motor
inhibition, memory and learning, spatial abilities, and visuospatial neglect (Negut et al., 2016).

Next, we detail our literature review on the uses of IVR for neuropsychological diagnosis or
assessment in children. The following studies rely on the potential of IVR to generate an
effective, engaging simulation of the real world to replicate the neurocognitive challenges that
the person could face in real life; for example, maintaining attention while distractions are
happening.

3.2. Literature review strategy

12



The purpose of this literature review was to identify papers that examined the effectiveness of
using immersive VR in the area of neuropsychology with children. Our search was guided by
the PICO model for literature reviews (Schardt et al., 2007), with the following inclusion
requirements:

e Population: The study must evaluate and test children and/or adolescents (aged 0—18
years old) and must have a total sample size of at least 10 per group.

e Intervention: Must include implementation of IVR (with an HMD) as a
neuropsychological assessment or training tool.

e Comparison: Studies must have a control group (traditional neuropsychological
assessment or non-IVR intervention) and provide comparison with an IVR assessment
or training tool (Traditional vs IVR).

e Outcomes: Must report on the effectiveness of the neuropsychological assessment or
training tool using IVR.

3.2.1. Search strategy and study selection

The search strategy was devised through scoping the literature for keywords indexed on
published journal articles using the “terms”: "virtual reality" AND child* AND (neuropsych*
OR assessment OR rehabilitation OR "attention deficit" OR "brain injury" OR disorder). Our
original search was conducted in August 2018 and was updated in February 2019. Papers that
self-identified as pilot or feasibility studies were excluded. An exhaustive search of the
literature was conducted on (a) SCOPUS, which indexes the literature from life sciences, social
sciences, physical sciences and health sciences and b) MEDLINE, which focuses on life
sciences and biomedical literature. The search produced 529 results after removing duplicates.
We applied the PICO inclusion criteria to these papers, resulting in 17 studies that satisfied at
least one criterion and only 7 studies that satisfied all of them. The majority of the excluded
studies did not use an immersive VR system or did not test children.

3.3. Neuropsychology review results

Immersive virtual reality technology has been used in the area of child neuropsychology mostly
as an assessment tool to evaluate attention processes in children (Nolin et al., 2016) with
attention hyperactivity disorder (ADHD) and acquired brain injury (Diaz-Orueta et al., 2014;
Gilboa et al., 2015; Negut et al., 2016; Rodriguez et al., 2018). It had also been used as a
training tool for attention enhancement for children with ADHD (Bioulac et al., 2012; Blume
etal.,2017) and with behavioral problems (Cho et al.,2002), and as a neuromotor rehabilitation
tool for children with cerebral palsy (Bortone et al., 2018). However, most of the research
related to IVR as a rehabilitation tool is either proof of concept or in the early stages of testing
the study protocol for a randomized controlled trial (e.g., Bortone et al., 2018; Biffi et al., 2017,
Bioulac, 2015).

Our review identified three distinct streams of research into the effectiveness of IVR as a
neuropsychological diagnostic tool with children. The first stream includes research that
specifically assessed the validity and reliability of an IVR assessment by comparing it to a
traditional gold-standard assessment. Included in the second stream is research that sought to
determine if IVR diagnostic tools may be more effective than traditional tools to identify
children with ADHD. Research in the third stream more generally examined the effectiveness
of an IVR tool to assess attention performance not necessarily related to a specific
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neuropsychological diagnosis (see Table 2). The main research findings from each of these
streams is summarized below.

3.3.1. Validity and reliability studies

Two studies identified in this review were aimed at assessing the validity and reliability of IVR
versions of a continuous performance test (CPT), normally used to measure a person's attention
while screening for ADHD. Diaz-Orueta et al. (2014) and Nolin et al. (2016) compared an
immersive virtual reality (IVR) CPT test to traditional tests of attention function, Conners CPT
and VIGIL-CPT.

Diaz-Orueta et al. (2014) explored the convergent validity between the AULA Nesplora test
(IVR test; Climent and Banterla (2010) and the Conners CPT (traditional test). The Conners
CPT is a computerized test that is widely accepted as a gold standard for assessment of
attention-related problems; it consists of 360 stimuli (letters) that appear on a screen, and the
participant needs to press a button every time a letter appears on the screen, except for the letter
“x” (inhibition of the response). Similarly, the AULA Nesplora test is a CPT that takes place
in a virtual school, where the child is situated in a virtual context shown through an HMD.
Stimuli are presented both on a visual and auditory basis, while distractors of an ecological
nature appear progressively (e.g., sound of door closing, children chatting). The participant is
asked to do two different tasks: either press the button every time they perceive the target
stimulus or press the button when they do not perceive it.

In this study, 57 children, aged 616 years, with a diagnosis of ADHD underwent both tests.
The results of the two tests were significantly correlated (rs ranged from .303-.786),
demonstrating convergent validity of the AULA Nesplora test of attention and impulsivity.
Moreover, the AULA Nesplora test (but not Conners CPT) was able to differentiate between
ADHD in children with and without pharmacological treatment for a wide range of measures
related to inattention, impulsivity, processing speed, motor activity, and quality of attention
focus, making this test a useful complementary tool for the diagnosis of ADHD (see our
Supplemental Analysis). Some limitations found in this study are that the sample size could be
considered as a relatively small clinical sample of children with ADHD and that comorbidity
with other psychological diagnosis was not considered as part of the inclusion/exclusion
criteria (Diaz-Orueta et al., 2013).

Similarly, Nolin et al. (2016) conducted a concurrent validity and reliability study that explored
the relationship between performance on the standard VIGIL-CPT, presented on a computer
monitor, and ClinicaVR: Classroom-CPT, an IVR version of the same test. Interestingly, the
ClinicaVR test adds distractions for the children to cope with during testing by placing children
inside a virtual classroom, rather than in a quiet office typical of CPT testing. Participants could
look 360 degrees around themselves, an experience designed to create an impression that they
were in a real classroom with typical visual and auditory distractions (e.g., knocking on the
door, bells, children talking, etc.). Their participants were 102 children and adolescents,
ranging in ages from 7-16 years old. Despite the differences between the ClinicaVR test and
the traditional version of the test, participants’ scores on the overlapping components (correct
responses, commissions, and reaction time) were significantly correlated (rs = .63, .50, .82,
respectively). In addition to demonstrating convergent validity, the study also demonstrated
that ClinicaVR had good test-retest reliability with a one-month period between tests. Reaction
time was the only variable that showed poor reliability (r = .13, ns); all other variables were
significantly correlated (rs = .34-.61). Nolin et al. argued the IVR version may have an
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advantage in terms of ecological validity because it includes distractions likely to occur in real-
life scenarios. This possibility is revisited in the following section.

3.3.2. Relative effectiveness of IVR versus traditional ADHD diagnostics

Although the studies described in the previous section aimed to establish the validity of new
IVR tests by comparing them to traditional tests (e.g., TOVA, Conners CPT, VIGIL-CPT) as
the accepted standard, recent IVR studies have gone further to investigate if IVR tests might
be more effective at diagnosing attention deficits in children (Negut et al., 2016; Pollak et al.,
2009; Rodriguez et al., 2018).

Negut et al. (2016) tested 7-13 year old children with a traditional CPT (displayed on a
computer screen) or with ClinicaVR: Classroom-CPT (described above). The children were
classified as typically developing (n = 42) or as being diagnosed with ADHD (n = 33). Each
child completed the test with and without distractions (Negut et al., 2016). For the CPT with
distractions, the audio recording from the ClinicaVR was played through headphones.

The key dependent variables were total correct responses, errors of commission, errors of
omission, and mean reaction time. Negut et al. (2016) found that, independent of their test
condition, children with ADHD made fewer correct responses, committed more errors of
commission and omission, and had slower reaction times compared with the typically-
developing children (see our Supplemental Table S2. 1). They did not find a significant
difference between the effectiveness of ClinicaVR and traditional CPT in identifying children
with ADHD.

These results are in line with Pollak et al. (2009) who compared three CPT’s: (i) VR-CPT
(similar to the Clinical VR used in Negut et al., 2016), (i1) the same CPT without VR (No VR-
CPT), and (ii1) the TOVA. They used a within-subjects design so that the children (20 boys
with ADHD and 17 typically-developing boys) completed all three tests. Their four key
measures were reaction time, variability of reaction time, errors of omission, and errors of
commission. All three tests were able to distinguish children with ADHD from the control
group based on their increased errors of omission and commission (with large effect sizes, ds
> (.88; see Supplemental Table S2. 2). The results from the reaction time measures were more
variable (as reflected in the range of effect sizes, ds = 0.21-1.10), but only reaction time was
associated with a significant Group x Test interaction. With the measure of reaction time, only
the VR-CPT found significant differences between the two groups. With regard to reported
experience with the assessment, participants enjoyed the VR-CPT more than the TOVA.

Taken together, the results from Negut et al. (2016) and Pollak et al. (2009) further demonstrate
the validity of IVR tests of attention, but do not show that these tests are any more sensitive
for identifying attention difficulties compared with traditional testing. In contrast, Rodriguez
et al. (2018) suggested that the AULA Nesplora IVR version of the CPT has better specificity
and sensitivity to identify ADHD in children than the traditional TOVA-CPT. Their
participants were between 6 and 16 years of age; 101 children were in the control group and
237 had ADHD diagnoses. Given their large sample of children with ADHD, they were able
to classify them according to whether they presented as inattentive (n = 108), impulsive
hyperactive (n = 52), or combined (n = 77).

Children were randomly assigned to complete the IVR-CPT test or the traditional TOVA-CPT
assessment (Rodriguez et al., 2018). The IVR-CPT test consisted of two tasks that were
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explained by a virtual teacher in the virtual classroom (a standard classroom with lines of desks
and a board in the front). The first phase of the test was based on the “no-go” paradigm in
which the participant must press a button when they saw a stimulus on the virtual board or
heard a stimulus, but only if the stimulus was not “apple.” In the second phase of the test, a
“go” task was included; participants needed to press a button when they saw or heard the
number “seven.” Auditory and visual distractions were included during the duration of the test.
The TOVA-CPT was administered using a computer screen and a push-button. The test
presented two simple images; the first part of the test showed the stimulus at the top of the
screen and the second at the bottom. Participants were instructed to press the button every time
they saw the target figure and not press it when the nontarget figure appeared.

Both tests in Rodriguez et al. (2018) measured errors of omissions, errors of commissions,
response time, and variability of response time, but the tests reported them differently. The
IVR-CPT reported these measures separately for each task (“no-go” and “go”), whereas the
TOVA-CPT split the measures across four quartiles and two halves. The results reported by
Rodriguez et al. (2018) demonstrated that the AULA Nesplora IVR-CPT was able to
discriminate between children with and without ADHD symptoms, whereas the TOVA was
not able to discriminate between the two groups (see our Supplemental Analysis).

The studies in this area demonstrated that the VR tasks are at least as useful as the traditional
tasks in neuropsychological testing for attention difficulties. Whether they are an improvement
over traditional methods is harder to determine given the mixed results. Therefore, at this stage,
itis unclear if using a VR version of a traditional neuropsychological test with added distractors
increases the effectiveness, sensitivity and specificity of the test to identify ADHD in children
(Areces et al., 2016; Rizzo et al., 2000).

3.3.3. IVR to assess sustained attention performance

While the studies described above were specifically aimed at examining the diagnostic
effectiveness of IVR for ADHD, IVR has also been used to examine attention performance
more generally in two additional studies (Bioulac et al., 2012; Gilboa et al., 2015). Bioulac et
al. investigated IVR as a tool to assess the sustained attention performance of 36 boys (20 with
ADHD and 16 without), aged 7-10 years old. All boys were tested first with the traditional
CPT test and then with an IVR test (virtual classroom). They used a French version of the
virtual classroom developed by Rizzo et al. (2000), which consisted of a standard rectangular
classroom environment with desks, blackboard, windows, and so forth. Within this scenario,
children’s attention performance was assessed while a series of common classroom distractors
(e.g.,ambient classroom noise, activity occurring outside the window, etc.) were systematically
played within the virtual environment. Participants were asked to focus and maintain their
attention on the letters appearing on the backboard to identify every time that the letter “K”
appeared after being immediately preceded by the letter “A”. To do so, the participants needed
to avoid the distractions. The virtual classroom test consisted of five blocks (for a period of
100 s each) with 20 targets, whereas the CPT comprised six blocks (for a period of 140 s each)
with up to 54 targets.

Bioulac et al. (2012) showed that participants with ADHD performed worse than the control
subjects on some, but not all, measures of both tests. Specifically, for the virtual classroom,
significant effects emerged on total correct hits and total errors of commission, but not on the
three reaction time measures. For the CPT, significant effect emerged on total correct hits and
the two reaction time measures, but not on errors of commission (see Supplemental Table
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S2.3). Moreover, the virtual classroom was more precise at identifying deteriorating
performance over time, whereas the traditional test was not (see Supplemental Table S2.4).
The authors argued that this difference could be attributed to the involvement of more complex
cognitive mechanisms in the IVR test. That is, the traditional test examined inhibitory
processes, but only minimal working-memory load was required to solve the task. In contrast,
in the IVR test, inhibitory processes were necessary to avoid distractors and working memory
was necessary for keeping in mind the last stimulus presented on the blackboard and identifying
the correct sequence, thereby increasing the cognitive load required to solve the test. Bioulac
et al. concluded that the realistic and lifelike environment that the IVR test offers, along with
its ability to measure deterioration over time, make IVR a useful tool to assess attention.
However, two limitations of Bioulac et al. must be acknowledged: they had a sample size and
the participants were exclusively boys.

Comparably, Gilboa et al. (2015) found IVR to be a useful, sensitive, and ecologically valid
tool to assess attention among children with acquired brain injury (ABI). Gilboa et al. used a
similar version of the virtual classroom described in Bioulac et al. 2012 (Rizzo et al., 2000)
and compared it with two classical neuropsychological tests: (i) four sub-tests of the Test of
Everyday Attention for Children (TEA-Ch), and (ii) Conners’ Parent Rating Scales—Revised:
Short Form (CPRS-R:S) questionnaire.

Children and adolescents aged 8 to 18 years with ABI (n = 41) and without ABI (n = 35)
completed the TEA-Ch (completed only by those with ABI) and the VC assessment, and their
parents completed the CPRS-R:S. In terms of the effectiveness of the virtual classroom
assessment in differentiating between children with and without ABI, the two groups were
significantly different on only one of the measures: the number of correct hits. The two groups
did not significantly differ on errors of commission, reaction time, and head movements, as
measured by the virtual classroom. The CPRS-R:S test scores also showed limited ability to
differentiate between the two groups; after correcting for multiple comparisons, the authors
reported that the only significant effect emerged on the ADHD index, but not on the opposition,
inattention, or hyperactivity clinical subscales. Our re-analysis (see Supplementary Table S2.
5), however, found differing results, such that the ADHD index comparison did not reach
significance (p = .0163 fell below the corrected alpha of .0125). Compared to the norms of the
standardized TEA-Ch, the patients with ABI had significant impairments on the four sub-tests
that measured various domains of attention (Gilboa et al., 2015).

Gilboa et al. (2015) also examined the relationships between the three tests and found that the
virtual classroom measures were significantly correlated with several, but not all, components
of the traditional tests, indicating some degree of concurrent validity. For example, for the ABI
group, the virtual classroom’s total correct hits significantly correlated with the Sky search
scale of the TEA-Ch (r = 0.35, p < 0.01). Likewise, the virtual classroom’s reaction time
measure was negatively correlated with the TEA-Ch’s Sky search dual task sub-test (r =-0.54,
p < .005). Of the sixteen correlations between the four virtual classroom measures and the four
clinical scales of the CPRS-R:S, only three were statistically significant. Specifically, the
virtual classroom’s total correct hits were negatively correlated with two clinical subscales:
inattention (r = -0.34, p < 0.01) and ADHD index (r =-0.31, p <0.01). In addition, the virtual
classroom’s hit reaction time was positively correlated with the inattention subscale (r = 0.28,
p <0.05).

Moreover, Gilboa et al. (2015) highlighted correlations of the virtual classroom with age and
injury-severity variables, reflecting the ability of the virtual classroom to detect developmental
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aspects of attention in ABI. They concluded that IVR provides information beyond the scope
of currently available assessments, essentially because it allows the user to interact in real-time
with the lifelike simulated environment, with relative ecological validity and no risk of harm.
This study had two key limitations: (a) the ABI group was, on average, 12 months older than
the control group, and (b) the control group did not complete the TEA-Ch sub-tests, limiting
the number of comparisons possible across groups.

3.4. Conclusion: effectiveness of IVR in neuropsychological testing

Taken together, the results of this review show that neuropsychological IVR testing is a useful
technique when used to simulate real-life environments for assessment purposes. First, it is a
valid and reliable technology that can assist in neuropsychological assessment for conditions
such as ADHD and ABI. Second, it is a useful tool to assess attention performance in general,
not necessarily related to a specific neuropsychological diagnosis. Importantly, research in
each stream suggested that IVR improves upon the low to moderate ecological validity of
standard psychometric instruments; this technology is capable of reasonably simulating the
complexity and challenges that children confront in real life. The apparent effectiveness of IVR
as a neuropsychological tool is consistent with our guiding hypothesis that it could be a valid
and useful implementation when used to simulate the real world to test the cognitive abilities
of children.

3.5. Gaps and suggestions for future research

Although the aforementioned studies demonstrated that IVR could be a useful technology for
neuropsychological assessment, studies using this technology must overcome some limitations
before IVR can be used as a conventional psychometric instrument. More research is needed
with larger sample sizes, narrow age-range groups, and with more diverse populations.

From a cognitive standpoint, research is needed to ascertain how and why IVR-based
assessments may allow for improved diagnostics. Specifically, research to date has assumed
that adding virtual distractions would manifest in more ecologically-valid testing. However,
the diagnostic effects of the nature and number of distractions has not been systematically
investigated. For example, are tests improved with constant or intermittent distractions? Should
distractions have visual and/or auditory components? Could the ideal distraction parameters be
patient-specific? More theoretically, why is it that distractions affect diagnostic utility? The
latter may relate to increased cognitive load, or it may allow the test to better identify attention
problems in situations that are more contextually realistic to learning in a school environment
(where attention problems are often pronounced). Clearly, continued research is vital in this
important area.

Additionally, IVR could be a useful tool to assess the therapeutic effectiveness of interventions;
for example, the results of neurocognitive training in ADHD could be better tested in IVR.
This technology allows a more naturalistic environment in which the participant’s ability to
control or avoid distractions can be tested in more ecologically valid environment. Immersing
the participant in a computer-generated environment that simulates the real world and
represents the challenges that a child with ADHD could face in an actual classroom might be
a more effective way to assess therapeutic outcomes.
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Importantly, the research described above related entirely to neuropsychological studies of
attention assessment. Consequently, future study is needed of the cost-effectiveness and
applicability of IVR for other executive functions and skills, such as inhibitory control,
working memory, cognitive flexibility, reasoning, problem solving, and motor and perception
functioning. Such research is essential to ascertain the potential for IVR to take on a wider role
in neuropsychology. Furthermore, assessing if IVR also has the potential to be a useful tool in
rehabilitating cognitive functions would be valuable. For example, researchers could study if
the level of immersion and interactivity that IVR offers is a crucial factor in ecological validity,
children’s motivation, and transfer of learning to real life.
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Table 2 IVR used as a neuropsychological tool for children

Type of use Authors Population Intervention Comparison Outcomes Type of VR
N (age range) technology
Validity and Diaz-Orueta 56 children with ~ AULA Nesplora  Traditional test: The two tests were significantly correlated, IVR using
reliability etal. (2013) ADHD test (IVR test) Conners CPT demonstrating convergent validity of the HMD
studies (6-16 years old) (computerized AULA Nesplora test of attention and
test) impulsivity. AULA Nesplora test (but not
Conners CPT) was able to differentiate
between ADHD children with and without
pharmacological treatment.
Nolin et al. 102 typically- ClinicaVR: Traditional test: Good concurrent validity; ClinicaVR IVR using
(2016) developing Classroom-CPT  VIGIL-CPT measures were significantly correlated with HMD
children (IVR test) the VIGIL-CPT. Good test-retest reliability of
(7-16 years old) the ClinicaVR.
Effectiveness of Negut et al. 33 children with  ClinicaVR: Traditional CPT  The results showed that, independent of the IVR using
IVR vs (2016) ADHD and 42 Classroom-CPT  (displayed on a type of test, children with ADHD made fewer = HMD
traditional children without  (IVR test) screen computer) — correct responses, committed more errors of
ADHD ADHD commission and omission, and had slower
diagnostics (7-13 years old) reaction times than typically-developing
children. The study did not find a significant
difference between the effectiveness of
ClinicaVR and traditional CPT in identifying
children with ADHD.
Pollak et al. 20 children with ~ VR-CPT (IVR Traditional tests:  Children with ADHD made more errors of IVR using
(2009) ADHD and 17 Test) No VR-CPT omission and commission than the control HMD
children without (displayed on a group on all three tests. For response time,
ADHD (9-17 screen computer) only the VR-CPT differentiated between the
years old). & TOVA two groups. Participants reported enjoying the

VR-CPT more than the TOVA.
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IVR to assess
sustained
attention
performance

Rodriguez et
al. (2018)

Bioulac et al.

(2012)

Gilboa et al.
(2015)

237 children
with ADHD and
101 without
ADHD

(6-16 years old)

20 boys with
ADHD and 16
boys without
ADHD

(7-10 years old)

41 children with
ABI and 35
children without
ABI

(8-18 years old)

VR-CPT
(AULA
Nesplora)

Virtual
Classroom (IVR
Test)

Virtual
Classroom (IVR
test)

Traditional test:
TOVA

Traditional test:
Continuous CPT

Traditional tests:
Test of Everyday
Attention for
Children &
Conners’ Parent
Rating Scales—
Revised: Short
form
questionnaire

VR-CPT (AULA Nesplora) showed better
sensitivity and specificity than the traditional
CPT (TOVA). The VR-CPT was able to
discriminate between children with and
without ADHD symptoms, whereas the
TOVA could not.

Participants with ADHD performed worse
than the control group on two measures of the
I'VR test and three measures of the CPT test.
However, the IVR test was more precise in
identifying the deterioration of performance
over time than the traditional test.

The virtual classroom was sensitive to effects
of an ABI, but only for total correct hits. The
other measures (commission errors, reaction
time, and head movements) were not
significantly different between groups. The
virtual classroom measures significantly
correlated with some measures from the
traditional tests, indicating a degree of
concurrent validity.

IVR using
HMD

IVR using
HMD

IVR using
HMD
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IVR used as a social-skills training tool for children with autism
spectrum disorder

4.1. Historical context

For more than 20 years, researchers have suggested that VR technology could be used as an
effective therapeutic intervention for children with ASD (e.g., Parsons & Mitchell, 2002). In
their review, Parsons and Mitchell identified several studies suggesting that VR could help
children and adults with autism by providing social-skills training. VR might allow those with
autism to practice their social skills through role-playing exercises in virtual environments that
would be less likely to cause high levels of stress often experienced by people with autism in
live social interactions (Bozgeyikli et al., 2016; Ke and Im, 2013; S. Parsons, 2016; S. Parsons
and Cobb, 2011; Ramachandiran et al., 2015).

Yet, while the promise of VR has been acknowledged repeatedly (Didehbani et al., 2016;
Ramachandiran et al., 2015; Strickland, 1997), most published work in this area is best
described as feasibility or proof-of-concept studies with small samples sizes and without
conditions to control for time, practice effects, and other confounds associated with pre- and
post-test research (e.g., Zhao et al., 2018; Kuriakose & Lahiri, 2017; Halabi et al., 2017).
Moreover, very few used IVR technology, the main focus of this review.

Such feasibility studies have not provided satisfying answers to the question of whether IVR,
or VR more generally, could be useful as part of an autism intervention program. Instead, these
studies showed that for children with and without autism, interacting in a virtual environment
was generally interesting and motivational (Halabi et al., 2017) and may have allowed them to
engage in simulated interactions without significant stress (Kuriakose & Lahiri, 2017).
Children with autism also seemed able to manipulate the equipment, when necessary
(Strickland et al., 1996). Only recently however, have well-controlled studies using IVR
technology begun to assess the effectiveness of potential interventions; we discuss these studies
in more detail in the Section 4.3.

4.2. Literature review strategy

The purpose of our literature review was to identify papers that examined the effectiveness of
autism therapies involving the use of IVR. Our search was guided by the PICO model for
literature reviews (Schardt et al., 2007), with the following inclusion requirements:

e Population: The study must evaluate and test children and/or adolescents (aged 0-18
years old) with autism and must have a total sample size of at least 10 participants per
group.

¢ Intervention: Must include a therapy program that involved the use of IVR.

e Comparison: Must include a non-IVR control group.

e Outcomes: Must report on the effectiveness of the IVR therapy.
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4.2.1. Search strategy and study selection

The search strategy was devised through scoping the literature for keywords indexed in
published journal articles using the “terms”: (“Virtual reality” AND “autism” AND children).
Our original search was conducted in August 2018 and was updated in February 2019. Papers
that self-identified as pilot or feasibility studies were excluded. An exhaustive search of the
literature was conducted on (a) SCOPUS, which indexes the literature from life sciences, social
sciences, physical sciences and health sciences, and b) MEDLINE, which focuses on life
sciences and biomedical literature. The search produced 110 results after removing duplicates.
The PICO inclusion criteria were applied to these papers, resulting in 27 studies that satisfied
at least one criterion and only 2 studies that satisfied all of them. The majority of studies did
not use an HMD or were done with adults.

4.3. IVR used as a social-skills training tool

4.3.1. Review results

Only two I'VR studies in our search provided potentially useful data on the effectiveness of VR
as a social-skills training tool for children with autism (see Table 3). Lorenzo et al. (2016)
developed and evaluated an elaborate, IVR-based program created to provide an opportunity
for children with ASD to practice a range of social and emotional skills. The study used a
system with L-shaped screens called “semi-CAVE” wherein one can navigate with special 3-
D glasses and included a face-recognition system that automatically recorded children’s facial
expressions to assess mood and emotional reactions. Participants were 40 children (aged 7-12
years) diagnosed with ASD and were assigned to one of two groups: the experimental group,
which experienced the semi-CAVE system, and the control group, which used a non-immersive
VR application.

The scope Lorenzo et al. (2016) sets itself apart from other research in this area in a number of
ways. First, unlike other studies that typically examined children for very brief periods of time,
this study examined children over 40 sessions during a 10-month period. Second, this study
examined behavior both during the training sessions and in the classroom environment. During
the training sessions, children navigated the VR environment in which they experienced a range
of simulated social situations with the guidance of a real-life evaluator. Some of these situations
included interactions at a birthday party, conversations with other students outside the
classroom, participation in games such as hide-and-seek, etc. The evaluator asked the children
during these sessions to explain how the other virtual children were feeling (based on the
situation and their apparent affect).

Lorenzo et al. (2016) reported that children in the experimental training group demonstrated
significantly greater improvement in nearly all the measured social skills, relative to the
children in the control group. For example, children in the experimental group improved in
identifying emotions and starting a conversation at appropriate times. The face-recognition
data was consistent with this finding, demonstrating that, with training, children in the
experimental group made fewer inadequate emotional expressions and displayed more
emotionally appropriate behaviors, whereas children in the control group improved less.
During the course of the study, the children’s teachers (in their actual school) reported that
those in the experimental group showed significantly more improvement in their emotional
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behaviors than children in the control group, suggesting that the program’s benefits transferred
to children’s daily lives.

Though the results of Lorenzo et al. (2016) are certainly promising, the study’s interpretability
has some notable limitations. The authors do not report if the children’s teachers were blind to
participants’ assigned condition; thus, some of the positive findings possibly could have
resulted from observer bias. Additionally, the authors reported very little information about the
age of the participants beyond the fact that they were between 7 and 12 years of age. The
intervention may have been most effective for a more specific age group; moreover, the mean
age for participants was not reported, making it difficult to assess whether this program was
effective for this age group as a whole. Most notably, however, the data reported was
incomplete and the data analytic choices were less than ideal (i.e., more complex analyses
would be more appropriate in identifying changes over the 40 sessions). We discuss this further
in our Supplemental Analyses.

The other recent key study was conducted by Ip et al. (2018) who tested the effectiveness of
VR-enabled training on the development of emotional- and social-adaptation skills in a 14-
week, 28-session study. They randomly assigned 72 children (aged 7-10 years) with ASD to
either a control group (did not receive any intervention) or an experimental group (received
VR training). The training took a group-therapy approach with three to four children (of similar
ages) participating together. Each child in the group took turns interacting with the virtual
environment and then received feedback from the other children about their behaviors. The VR
training incorporated scenarios that focused on emotional control, relaxation, and the
simulation of different social situations where children had to identify emotions and use social-
adaptation skills. The learning scenarios were presented to the children via a 4-sided,
immersive VR environment (CAVE).

Ip et al. (2018) used a number of assessments before and after training to determine the
program’s effectiveness, including the Faces Test (Baron-Cohen et al., 1997) and the Eyes
Test (Baron-Cohen et al., 2001) to test for emotion recognition, as well as the
Psychoeducational Profile 3 (Schopler et al., 2005) to assess social skills, such as social
reciprocity, emotional expression and regulation.

Ip et al. (2018) found that children in the VR training improved (relative to baseline) in the
areas of social reciprocity and in emotion expression and regulation (as measured by the Social
Reciprocity and Affective Expressions subtests, respectively, of the Psychoeducational Profile
3). Furthermore, as reported in our Supplemental Analyses, we found a significant difference
between the groups on the post-training scores for emotion expression and regulation and social
reciprocity. For both measures the experimental group outperformed the control group. No
significant improvements were found for emotional recognition or other secondary measures.

Thus, the results of Ip et al. (2018) were mixed compared to Lorenzo et al. (2016). Although
the reported improvements in social skills may be promising, the children in the experimental
group spent considerable time interacting with one another, whereas those in the control group
had no comparable experience. Therefore, additional research will be required to determine
whether the VR aspect of the program played any role in these improvements. One possibility
is that the VR experience helped children for reasons consistent with the anxiety-reducing
hypothesis previously discussed. Alternatively, the VR experience may have helped simply
because it maintained children’s engagement with the training exercises. Based on the results
of this one study, the VR component of the training may have no effect on social learning, and
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a similar program that engaged children in group discussion about emotions could have been
more beneficial.

4.4. Conclusion: effectiveness of IVR used as a social-skills training tool for
children with ASD

Unfortunately, only a few studies have investigated IVR as a training tool with children with
ASD; thus, there is no clear answer to whether this technology is a useful training tool for
social skills or if it is a helpful tool to reduce the anxiety levels of real social interactions for
this type of population. The apparent effectiveness of IVR as a training tool for social skills in
children with ASD is consistent with our guiding hypothesis that when applications require
both immersion and simulation, implementation and effectiveness are more challenging to
execute effectively.

4.5. Gaps and suggestions for future research

Despite more than 10 years of research in this area, new investigations will be necessary to
gauge the potential effectiveness of VR training programs for children with ASD. Only the two
published research studies described above have examined this question with sufficient sample
sizes and control groups to provide data points that go beyond establishing proof of concept.
Moreover, it is important to note that neither study compared VR-program effectiveness to
established therapy programs. For these reasons, we suggest that a key future direction for
research in this area would be registered trials of a VR-based program designed to improve
social outcomes for children with autism that includes comparisons to existing non-VR
interventions.

In addition to registered trials, other conceptual investigations can lead to important
discoveries. Most importantly, the work conducted in this area to date has not investigated if
and how anxiety experienced during VR simulations relates to VR-intervention effectiveness.
Indeed, the original inspiration for VR-based interventions was based on the idea that social
anxiety is a major obstacle for many people with ASD, which limits their ability to practice
social understanding and social behavior skills in the real world (Moore et al., 2000). VR was
envisioned as a way to present practice social situations while reducing the anxiety
accompanying real-life interactions, with the hope that VR practice would manifest in better
social interactions and less anxiety in everyday life as a result (Parsons & Mitchell, 2002).
Neither of the key VR-intervention programs discussed above attempted to establish if program
effectiveness resulted from a reduction in social anxiety relative to real-life interactions.
Moreover, the converse notion should also be investigated: VR training programs for children
with ASD might be effective because they foster at least a minimal sense of social anxiety,
which is necessary for the children to transfer their learning to the real world where social
anxiety is more commonly experienced. That is, perhaps too much social anxiety prevents
social engagement, but too little would not provide enough emotional contextual learning to be
accessed during an actual social simulation. Indeed, many questions about the underlying role
of anxiety in VR-based interventions could be assessed.

In addition to these key questions for future research, opportunities exist to examine the
importance of the specific VR technology used. Both Lorenzo et al. (2016) and Ip et al. (2018)
used CAVE systems with their experimental groups. How well similar programs with IVR
systems would work is currently unknown and is an important question to address. If IVR
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systems are found to be similarly effective, researchers can assess training programs with
considerably less cost and more accessibility to families of children with autism.

Future research could also examine VR-based therapies for younger children. The two studies
detailed in this section examined children over 6 years of age. As psychological interventions
are generally found to be more effective at younger ages (Rogers & Vismara, 2008), examining
these therapeutic approaches for younger children would be worthwhile, taking into account
developing research findings on safe use of VR for young children. Additionally, future work
could help clarify age effects with more specific analysis and reporting of age effects, as neither
study examined the possible role of age on program effectiveness.
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Table 3 IVR used as a social-skills training tool for children with autism spectrum disorder

Authors Population of Intervention with  Comparison Evaluation report on the Type of VR technology
children with IVR non-IVR effectiveness of IVR
ASD control group therapy
N (age range)
Ipetal. (2018) 72 (7-10 years IVR-enabled No intervention = The experimental training Semi-CAVE system (4-
old) program designed significantly improved sided IVR environment)
to enhance children’s emotion with special 3-D glasses
emotional and expression and regulation
social-adaptation and social reciprocity
skills compared to control

group. No differences on
other measures.

Lorenzo et al. 40 (7-12 years IVR program Non-immersive  Children in the Semi-CAVE system with
(2016) old) designed to allow VR-desktop experimental group special 3-D glasses
children to trainin  software demonstrated
and develop application significantly greater
different social improvement in social
situations in a skills relative to children
structured, visual, in the control group.

and continuous
manner



Limitations

The following limitations should be taken into account when interpreting the results of the
current review. First, our review only included studies published in peer-reviewed journals.
This means that no conference proceedings, unpublished studies or studies in book chapters
were included in the data analysis. This could possibly lead to an overestimation of the
effectiveness of IVR with a developmental population due to the file drawer effect. That is,
studies that fail to reach significance or fail to reject the null hypothesis are less likely to be
published in journals (Dickersin et al., 1987). Second, the included studies applied different
types of VR software, which could have influenced the amount of immersion, and VR
effectivity and efficiency. Third, there was a difference in the effect and effectiveness of VR
for different pediatric procedures / developmental uses or procedures, so one should be careful
when generalizing the suggested effect for VR to clinical practice. However, the results of this
review still provide useful information and guidance into the effectiveness of the use of IVR
in developmental psychology. A final limitation is that we were unable to support or refute our
hypothesis that immersion and simulation would be harder to implement effectively because
none of the studies were specifically designed to test this claim.

General conclusions

In this review, we summarized the uses of [IVR with a developmental population in three main
areas: (1) pain distraction, (2) neuropsychology, and (3) social-skills training. The review
aimed to identify the effectiveness of IVR when used as an immersion or simulation tool or
when used as a combination of the two.

Firstly, the results showed that IVR is a useful tool when used to immerse participants in the
VR experience to distract them from the real world. Its effectiveness does not rely on the ability
to simulate a real environment, making it easier to use for any practice where children need to
be distracted from a real situation (e.g., pain distraction). Secondly, regarding its use as a
simulation tool, results showed that IVR is a valid and useful tool that has the capacity to
simulate the challenges of real-life experiences. Therefore, it is a useful and practical
technology to be used in any psychological application that requires the reconstruction of an
environment (e.g., neuropsychology assessment). Lastly, when IVR is used to simulate and
immerse the participant with the intention to use it as a training tool for children with ASD, the
results are not as clear as in the previous two applications of the technology. Evidence of its
effectiveness needs additional investigation to determine if [IVR is effective, and whether this
effectiveness is the result of presenting children with social situations that may induce less
anxiety or because children can practice multiple times and receive immediate feedback.

Results of this review showed IVR can be a useful tool in psychology-related practices with
children; however, further and more rigorous research is needed to examine the most promising
uses of IVR with this population.
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