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Abstract

Background Immersive and non-immersive VR technology has been increasingly employed in training. This

has encouraged physicians working in skill development to try using it to improve the learning, emotional recogni-
tion, and social skills of various disorders. This study aimed to explore the controlled trials employing VR in autism,
ADHD, and dyslexia.

Methodology A literature review has been conducted, on PubMed, Scopus, and Web of Science. Any controlled trial
in the pediatric age group, involving the comparison of VR training with other types of therapies in autism, ADHD,
and dyslexia was included.

Results Only 4 controlled trials were identified, comprising a total of 208 patients, with ages ranging from 6

to 16 years. Out of these studies, two involved patients with autism, one with ADHD, and one with dyslexia. VR
was successful in improving emotional recognition but not social interaction in autism. All trials did not mention
thoroughly possible complications of prolonged use of VR.

Short conclusion Despite being a promising technology, there is still a long road to prove the validity of using VR
in skills development. Few controlled trials have been tailored to explore VR advantages over conventional training
and therapies, most of them have a limited sample size, a short training course, and no mention of possible setbacks,
such as ocular effects and social isolation.
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Background
Several difficulties are faced by atypical children in edu-
cation as pedagogic settings are developed for typi-
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controlled environment for individuals with intellectual
disabilities to learn and practice real-life scenarios in a
way that is impossible with traditional training methods.
This can improve social, cognitive, motor, and functional
skills, ultimately enhancing their quality of life and inde-
pendence [2, 3].

VR holds several qualities in the development of skills;
unlike human tutors, computers are patient, virtual
worlds are safe, and can allow learning away from several
risks in the real world. However, finally, yet importantly,
VR can provide learning regardless of any language and
away from the decoding of letters and numbers; the latter
can bridge the gap for patients with dyslexia [4].

Despite the many advantages VR has proven, VR does
not come without a risk. One of the most important
drawbacks currently explored by VR technology is breed-
ing media addiction. This media addiction can slowly
result in another problem, which is triggering socially
isolating behavior [5].

Our review article aims to explore the fields of learning
difficulties, where VR has been tried, and the outcomes
of these trials as well as the drawbacks that can result
from excessive use of this innovative technology.

Methodology

Scientific libraries

We conducted a computer search for literature listed on
PubMed, Google Scholar, Scopus, and Web of Science.

Keywords and inclusion criteria
We employed the following keywords: virtual reality; learn-
ing difficulties double arm clinical trials, pediatric age group.

The inclusion criteria were double-arm randomized
clinical trials performed on pediatric age groups present-
ing with one of the following disorders: Autism, ADHD,
or dyslexia, to compare the therapeutic effect of VR
(immersive and non-immersive) training on their cog-
nitive and social skills to another form of conventional
behavioral and skill training.

We excluded all small-scale studies such as case—con-
trol and feasibility studies and single-arm or uncontrolled
trials involving the same disorders.

-Outcome parameters included: the age range of partic-
ipants, the scope or area of training, the type of VR used
(immersive via head-mounted device or non-immersive),
the method to which VR is being benchmarked, and a
brief description of results.

Results presentation

-No statistical analysis was conducted, but rather study
results were presented in the form of a table summariz-
ing the parameters for each included study.
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Results of the included studies

We identified several systematic reviews on ADHD and
autism, utilizing results of studies on VR in these respec-
tive disorders, notably that of Li and colleagues and
Dechsling et al. [6, 7]. They both recognized that stud-
ies included in their work, are mostly small-scale case—
control or feasibility studies, or to the best single-arm
randomized trials. Another review on ADHD showed
essentially the same pattern as the included studies. We
explored the reports covered by these reviews using our
inclusion and exclusion criteria, to determine which of
them qualify for our review.

After careful examination, we identified two studies
on autism [8, 9], and one on ADHD [10], that fulfill our
criteria of selection, to which we added one randomized
controlled trial in the context of dyslexia [11]. PRISMA
flow chart in Fig. 1 shows the selection process imple-
mented in this study.

Regarding autism, Frolli et al. [9] limited the scope of
their work to the improvement of emotional recognition,
while Ip et al. extended their testing to adaptive skills.
Both studies showed that VR might be superior to con-
ventional training in improving emotional recognition,
while conventional training was proven better in the con-
text of adaptive skills [8].

In patients with ADHD, Biolac used a computer-based
test, to compare the number of omission and commission
errors across the study groups. While the occurrence of
omission errors has been unchanged between the two
groups [10].

In dyslexia, the processing speed index markedly
improved in patients under VR training [11].

Table 1 discusses the results of the 4 included trials.

Discussion

During the primary search, to elaborate on this review,
we had the initial impression, that VR has been exten-
sively applied and tried in skill development in vari-
ous disorders; abstracts and conclusions of most of the
explored studies tend to showcase the positive effect of
this new technology, without acknowledging the fact that
of the studies are small-scaled, single-armed, without
any control arm. Nevertheless, most of the mentioned
reports in systematic reviews do not mention monitoring
complications of this technology, as if it comes with pure
benefit [6, 7, 12, 13].

In this study, we identified a total of 4 controlled tri-
als on skill development in autism, ADHD, and dyslexia;
comprising a total of 208 patients, a sample size that does
not match a very large population of interest [8—11].

Moreover, the age range in the four studies is from 6
to 16 years, which means that VR technology is still not
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Fig. 1 PRISMA 2020 flow diagram for our systematic review to show the study selection process. Abbreviations: ADHD: attention deficit

hyperactivity disorder, n: number

extensively available for early training of patients with
learning difficulties. This makes the use of VR unfa-
vorable as it is increasingly recognized that early iden-
tification and early childhood intervention can improve
cognitive skills and lead to better integration in society
and mainstream education [14].

A study that was mainly sight-opening is the controlled
trial conducted by Ip and colleagues which did not over-
look one of the major setbacks of VR technology. Ip et al.
demonstrated, that VR was able to improve emotional
recognition in patients with autism, however, it was less
efficient than conventional training in developing social
and adaptive skills [8].

The use of virtual reality (VR) in educational and
therapeutic settings for children with disabilities

presents several challenges and potential disadvan-
tages. One disadvantage is its ability to isolate children
from other kids and their surroundings. Especially with
children with disabilities who might prefer spending
time in a closed environment; VR emphasizes that and
decreases the opportunities for natural interactions.
Hence why it is crucial to find a balance and integrate
VR as a supplementary tool rather than a sole means of
intervention [15].

We also realize that the controlled studies did not
mention thoroughly other drawbacks of VR-prolonged
use, such as sensory overstimulation, and myopia in
HMD especially if employed in early years of life.

The risk of sensory overstimulation, especially for
individuals with auditory processing disorders (APD),
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Fig. 2 Risk of bias assessment of the included studies by their order of distribution in Table 1. Guide and abbreviations: (Study 1: Maresca et al.,

Study 2: Bioulac et al,, Study 3: Frolli et al,, Study 4: Ip et al.)

due to their intense sensitivity to auditory stimuli,
should not be overlooked. Careful consideration and
customization of VR experiences are essential to pre-
vent overwhelming sensory input, ensuring a positive
and effective learning environment for individuals with
APD. Moreover,

A specific drawback that was highlighted in stud-
ies was the potential of VR to cause discomfort, anxi-
ety, and fatigue with its prolonged use. Some children
expressed unease with VR headsets, and there were
fluctuations in pulse rates, suggesting increased anxi-
ety during VR sessions. Additionally, factors such as
VR difficulty, potential biases in technologies, and
limitations of VR eyewear should be carefully consid-
ered. Despite the potential benefits of VR, it may not
be suitable for all cases, particularly for children with
certain medical conditions. Balancing the integration of
VR with real-world experiences and ensuring gradual
exposure and supervision are crucial for effective and
safe implementation in educational settings [16].

Ocular effects of VR remain unleashed, a study by
Turnbull et al. showed that VR use on a short-term
basis was not associated with an increased risk of myo-
pia, however, a significant choroidal thickening was
noted [17, 18].

High costs can also be a burden, since the expenses
associated with VR technology, including both hard-
ware and software, pose a barrier to its widespread
adoption and accessibility. Therefore, addressing the
cost factor is critical to making VR interventions more
accessible [19].

Conclusions
The use of VR in skills development seems to be far from
being validated. Few controlled trials were found, with a
small sample size, and a short training course. The short
duration of training does not allow adequate examination
of possible complications, especially the ocular and social
isolation effects.

The risk of bias in included studies was performed
according to the standard scale and presented in Fig. 2
[20].

Abbreviations

ADHD  Attention deficit hyperactivity disorder
ASD Autistic spectrum disorder

HMD Head-mounted device

VR Virtual reality
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