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Abstract: Inclusion, equality, and well-being for all, especially for people with special needs and
disabilities, is globally recognized as a priority. At the same time, there is an urgent need to create
digital training environments for people with special educational needs and disabilities (SEND).
Virtual reality (VR) and gaming technologies have entered the race at full speed for skills training.
Despite significant research on each of these technologies, there is still limited knowledge about the
effectiveness of virtual reality games (VRGs) in targeted groups such as those with SEND. Thus, the
current systematic review paper aims to investigate the effectiveness of gaming in virtual reality as
an intervention strategy for meta-skills training among people with neurodevelopmental, cognitive
disorders, and learning difficulties. The PRISMA 2020 methodology was used to respond to the
objective and research questions. This study also emphasizes the mediating role of motivations,
metacognition, and emotional intelligence as important assets for meta-skills development. The
database search generated 1100 records, and 26 studies met the inclusion criteria. This study concludes
that VRGs have the potential to support people with SEND in terms of raising motivation and
developing metacognitive skills, as well as in developing the emotional intelligence skills needed for
inclusion, accomplishment, an independent life, and personal well-being. As was observed, VRGs
provided the subjects with positive experiences, allowing them to internalize motivations and—with
less effort—develop self-motivated, self-regulated, and flexible behaviors.

Keywords: virtual reality gaming; special educational needs and disabilities; meta-skills training;
behavioral adaptability; metacognition; motivations; emotional intelligence; self-regulation; adaptation;
self-awareness; empathy; autonomy; well-being

1. Introduction

Inclusion and equality for all, particularly for disadvantaged social groups, is now
widely acknowledged as one of the most important goals of the 21st century [1,2]. Accord-
ing to a growing number of studies, skill acquisition can act as a gateway toward social
inclusion [3]. However, a significant percentage of the population with disabilities often
are not adequately trained in acquiring the skills needed for inclusion, accomplishment,
and personal well-being [4]. Among the skills in which a significant deficit is observed are
the metacognitive, self-motivation, and emotional intelligence skills [4-7].

Special educational needs and disabilities (SEND) is a term that corresponds to the
special type of health and the educational support that people with neurodevelopmental
disorders, learning difficulties, as well as those which have mental, emotional, and behav-
ioral disorders deserve [8,9]. It is common knowledge that people with SEND face a higher
risk of social exclusion [10,11]. The limited participation in skill training programs further
increases the risk of exclusion [12].
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Meta-skills refer to a set of higher-order skills that integrate meta-cognitive, social—-
emotional, and motivational attributes that enable individuals to be self-motivated, self-
regulated, and adaptive in every context of human life [3,13,14]. Meta-skills enable in-
dividuals to be aware of and consciously regulate cognitive and psychophysiological
operations as a means through which to achieve optimal performance. It is about reflection,
as well as introspection skills [15]. Meta-skills allow individuals to be open to and accept
change, focusing on goals rather than obstacles [4,16]. It enables individuals to recognize
their strengths and weaknesses, and to voluntarily apply strategies that compensate for
their weaknesses [3,4]. Emotional meta-skills encompass emotional awareness, as well
as empathy. In addition, emotional regulation under stressful situations constitutes a
fundamental component in the existing meta-skills frameworks [3]. Social meta-skills
allow effective social interaction, collaboration, and conflict resolution [16]. In terms of
motivation, individuals may rely on internal motivation rather than external reinforcements
and rewards [17].

Digital games refer to a wide range of digital applications, which are characterized
by some common elements (e.g., the gaming environment, the increased participation of
the gamers, the element of interactivity, the immediate use of multimedia) [18]. Although
playing digital games is usually used for entertainment, recent studies reveal that serious
digital games can effectively train new skills for people with special educational needs,
including intellectual disabilities (ID) and neurodevelopmental disorders such as attention
deficit/hyperactivity disorder (ADHD) and autism spectrum disorder (ASD) [19-23].

VR technologies provide digital environments that induce virtual immersion through
a computerized visual simulation, immersing users in an interactive three-dimensional
world that is rich in sensory and emotional cues [24]. VR is becoming increasingly popular
as a training tool in educational contexts, raising expectations for its effectiveness when it
comes to people with disabilities [25-30]. VR educational applications designed for people
with specific learning difficulties have already shown promising outcomes indicating
that VR can be an interesting avenue of intervention as it offers a ludic, safe, controlled,
and motivating training environment [31,32]. According to Rodriguez-Cano et al., VR
technology can create sustainable educational spaces for all, especially for people with
special education needs [31,32]. Studies have also revealed that interactive and realistic
activities within VR environments are safe, motivational, and well accepted by students
with ASD and ADHD [33,34]. Over the past few years, the research has mainly focused on
examining the effectiveness of VR and digital games as separate intervention strategies. It
is only in more recent years that researchers have begun to investigate VRGs as a training
strategy for clinical populations [35,36]. It is not by chance that an increasing number of
experimental designs, clinical protocols, and experimental studies have already appeared
in the international literature [31,32,37,38]. VRGs are becoming a promising tool for skills
training. However, there is limited knowledge about its effectiveness in populations
with disabilities and learning difficulties. At the same time, there is a constant need for
digital training environments for people with SEND [39]. Thus, there is an urgent need to
further investigate whether VRGs have the potential to be effectively used among people
with SEND.

The current systematic review paper aims to contribute to the abovementioned gaps
by reviewing experimental studies that evaluate the effectiveness of VRGs in populations
with special training needs. Another important point is that of co-examining the mediating
role of motivations, metacognition, and emotional intelligence as important assets for meta-
skills development. The current review intends to provide answers about the effectiveness
of VRGs in training people with SEND. In addition, we expect to find out whether VRGs
can effectively train people with SEND with the meta-skills needed for inclusion in the 21st
century. These meta-skills may include self-regulation, adaptation, emotional and social
awareness, and self-motivation skills.
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This study begins with a theoretical section to support the study’s hypothesis according
to what VRGs may be effective training strategies for people with SEND in developing
meta-skills.

The second part of this paper attempts to summarize the results of the selected studies
and present the key findings regarding the potential of VRGs in being applied as an effective
training intervention for target groups with special training needs. In this part of the study,
we emphasize various target groups and the circumstances under which the training took
place. Finally, we attempt to critically discuss the results of this review, as well as their
importance for future research.

2. Materials and Methods

In this systematic review paper, we intend to examine the effectiveness of VRGs in
meta-skills training for people with SEND. The current review collects and synthesizes the
previous research intending to examine the feasibility of VRGs in populations with special
training needs, as well as the potential of VRGs in training higher-order skills. Finally, we
expect to identify areas in which more research is needed [40].

2.1. Study Design

This systematic review was conducted by taking into consideration the guidelines
of the preferred reporting items for systematic reviews and meta-analyses statement
(PRISMA) [41]. The present study was carried out through a systematic research effort by a
team of three authors from September 2022 to February 2023.

2.2. Eligibility Criteria

By applying the inclusion and exclusion criteria, studies that fulfilled the inclusion
criteria were chosen for further investigation and content assessment. The predefined
literature inclusion and exclusion criteria to achieve this review work are described in
Table 1. This study mainly concentrated on the experimental research that combined
gaming in VR as a training intervention for people with SEND. On the other hand, studies
that presented VRG designs without testing were excluded. In addition, studies that
were applied only to healthy populations were excluded. We mainly focused on studies
that evaluated or provided findings about the development of skills with metacognitive,
socio-emotional, and motivational orientation. Gray literature and review articles were
excluded. All the studies included in the review provide basic data on the research design,
the participants, the type of VR device, the context of the intervention, the duration, the
measurements, and the main outcomes.

Table 1. Selection of literature using inclusion and exclusion criteria.

Inclusion Exclusion

The publication is an experimental study

Published after 2010

(a) Book chapters, posters, and review articles were excluded
from the current review

(b) Design frameworks without any testing

The intervention combined gaming with virtual reality (c) Studies that apply gaming with other technologies

Studies that evaluate abilities and skills related to
metacognition, emotional intelligence, and (d) Studies that employ VRG only as an assessment tool

self-motivated behaviors

The research group included participants with SEND (e) Studies that employ VRG only in healthy populations

2.3. Information Sources

To meet this objective, a computerized search was undertaken of the following dig-
ital research databases to identify studies that were eligible for this review: (1) Scopus,
(2) Science Direct, (3) PubMed, and (4) Google Scholar. These engines include relevant
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digital libraries and/or publishers in the fields of Computer Science, Education Science,
and Educational Technology. These digital libraries provide peer-reviewed articles from
journals that are potentially relevant to the objectives of this study.

2.4. Search Strategy

The search was restricted to articles published between 2010 and 2023. The literature
search was conducted in the databases via a combination of the keywords “virtual reality
games”, terms referring to “special education needs and disabilities”, and terms referring
to “metacognitive skills, emotional intelligence, and motivations”. The combination of the
above keywords was applied to each database from 2010 up until February 2023. Table 2
provides an overview of the research strategy applied in database research.

Table 2. The search terms used.

Searching String and Main Searching Terms

“Virtual Reality Games” OR “VR gaming” OR “3D games” OR “Immersive games”
AND
“Attention Deficit/Hyperactivity Disorder” OR “Autism Spectrum Disorder” OR “Intellectual
Disability” OR “Dyslexia” OR “Dyscalculia” OR “Down Syndrome” OR “Specific
Learning Difficulties”
AND
“Metacognitive Skills” OR “Self-regulation” OR “Emotion Regulation” OR “Self-awareness” OR
“Socio-Emotional awareness” OR “Inhibition control” OR “Attention regulation”

2.5. Selection Processes

For every paper found in each digital database, a series of criteria were applied to
narrow down the findings to a set of relevant studies that could answer the research
questions (i.e., articles in English, articles published in peer-reviewed scientific journals,
and titles or abstracts that explicitly focus on VRGs for people with SEND). The selection
criteria were elaborated as a first filter for gathering relevant works. The quality of the
articles was not examined in this initial stage. The selected articles were then further
elaborated regarding their content, as part of the exclusion criteria. If any of the exclusion
criteria were met, the article was excluded from the results. The remaining papers were
further examined for their context, as part of the inclusion criteria. In the selection process,
we also took into consideration several quality criteria. We selected articles with adequately
developed experimental designs, well-conducted evaluations, well-described evaluations,
as well as clearly stated goals, clearly described methods, tools, and technologies. We then
clearly described the findings. In addition, we selected papers that provided sufficient data
and information about VRG interventions to have a clear picture of what was achieved in
every study.

2.6. Data Collection and Data Items

At this stage, each article was accessed in more detail to extract the key data, as
part of the synthesis stage. The data extracted included information such as the authors’
information, technical aspects such as the VRG design, the equipment, and the game genre.
In addition, information about the participants and their characteristics was gathered. The
duration of sessions and main findings were also collected.

2.7. Study Quality (Risk of Bias Assessments)

A quality appraisal of each study was conducted independently by two authors, and
disagreements were resolved with the third author. The Cochrane Collaboration’s ROB-2
(Risk of Bias version 2) tool was utilized to evaluate the risk of bias for the randomized
studies [42]. RoB 2 is structured into a fixed set of domains of bias, focusing on different
aspects of trial design, conduct, and reporting. Biases were classified into five domains;
namely, (1) bias due to randomization, (2) bias due to deviations from the intended inter-
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vention, (3) bias due to missing outcome data, (4) bias due to measurement of outcome, and
(5) bias due to selection of the reported results. A general risk of bias indicator was also
created, with three levels of risk: low risk, some concerns, and high risk. The ROBINS-I
(Risk of Bias in Non-randomized Studies of Interventions) tool was used to evaluate the
risk of bias for all of the other non-randomized studies [43]. Biases were classified into
seven domains; namely, (1) bias due to confounding, (2) bias in selection of participants,
(3) bias in the classification of interventions, (4) bias due to deviations from the intended
interventions, (5) bias due to missing data, (6) bias in the measurement of outcomes, and
(7) bias in selection of the reported results. The authors answered signaling questions
and utilized the ROBINS-I evaluation table to evaluate the risk in each domain and the
overall risk. The overall risk was presented as “low”, “moderate”, “serious”, “critical”,
or “no information”. A robvis visualization tool format was utilized. The tool created
“traffic light” plots for the domain-level judgments of each result, and weighted bar plots
for the distribution of risk-of-bias judgments within each bias domain [44]. The ROB-2 and
ROBINS-I assessments are included in Appendix A (Figures A1-A4).

2.8. Search Results

The general screening processes and the flow of selecting representative research are
presented in Figure 1. The initial search provided 1100 studies, of which 150 were common
and removed. The titles and abstracts of the remaining studies were screened for inclusion
in the review by the two authors. This process led to 250 studies for full-text screening.

[ Identification of studies via databases and registers ]
c Records removed before
2 . " screening:
] Records identified from: Duplicate records removed (n
&= Databases (n = 4) > = 150)
‘g Registers (n = 1100) Records marked as ineligible
k] by automation tools (n = 305)
Records removed for other
reasons (n = 395)
—
o .
£ Records excluded on title and
= Records screened
H it »| abstract
o (n=250) "1 (n=135)
O
(7]
__
Reports assessed for eligibility Reports excluded: 89
2 (n=115) — Reason 1 (n = 40) not
H experimental or without
S testing
T Reason 2 (n = 49) applied to
healthy populations etc
—\
3 Studies included in review
° (n=26)
3
©
£
-

Figure 1. Flowchart depicting the literature research and selection of studies for review [41].

A total of 115 initial studies were reviewed, taking into account the inclusion and
exclusion criteria. After the full-text screening, 89 studies did not meet the inclusion criteria
and were removed. The 26 remaining studies were included in the final analysis. Figure 1
depicts the process and the results of the research strategy.
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3. Background Knowledge
3.1. Motivations, Metacognition, and Emotional Intelligence: The Meta-Skills Triad

Motivations are widely acknowledged as indicators of achievement. They work as
forces within agents, driving them toward goal-directed behaviors [45]. Motivations in-
fluence mental and emotional states, as well as determine the human readiness to deal
with new challenges [46]. Motivations have the potential to foster decision making, per-
sistence, determination, and the self-regulation of behavior [17,47]. Highly motivated
individuals are more likely to accept change and appropriately modify thinking patterns
and behaviors [48].

One common approach to differentiating between various kinds of motivation is to
use the terms intrinsic and extrinsic motivation. Intrinsic motivation refers to engaging
with something because it is naturally engaging or pleasurable, whereas extrinsic moti-
vation refers to performing something aiming to satisfy external demands [17]. Intrinsic
motivation is closely related to self-need satisfaction. It is about the inherent desire to
search for novelty, to broaden and strengthen one’s capabilities, and to achieve personal
growth [49]. External motivations represent impoverished forms of motivation, while in-
trinsic motivation results in high-quality learning and creativity [17]. Activities intrinsically
motivated often induce a mental state of entire immersion in the present moment, which
leads subjects to joyful experiences and guarantees optimal performance [50].

Metacognition refers to a set of regulation meta-abilities and meta-skills that are
consciously implemented, and they aim at the balancing of the cognitive and psychophysi-
ological mechanisms as a means of achieving adaptability, autonomy, and life satisfaction.
Metacognition corresponds to consciousness-raising skills, including the subject’s ability to
observe, regulate, and adapt their cognitive operations, discern between functional and
dysfunctional states of mind, and to consciously choose those states that awaken the full
range of their abilities and self-identity [15].

The literature provides evidence that metacognition and motivations, especially intrin-
sic motivations, may have a close relationship. Intrinsic motivation encourages individuals
to initiate self-regulated and adaptive behaviors [51]. Theories of metacognition recognize
that motivations implicitly or explicitly shape conscious perception, as well as direct human
decisions and behaviors [15].

Emotional intelligence refers to the objective perception, evaluation, and expression
of emotion in oneself and others, the effective regulation of emotion in the self and in
others, and the deliberate employment of positive feelings with the aim to increase internal
motivation, thus ensuring optimal performance [52-54]. According to this study’s view,
emotional intelligence, metacognition, and motivations are three interrelated concepts that
provide the ground for meta-skills development (Figure 2).

Metacognition

Meta-
skills

Emotional Motivations
Intelligence

Figure 2. Metacognition, emotional intelligence, and motivations are inextricably linked and provide
the ground for meta-skills development.

3.2. Motivation, Metacognitive, and Emotional Training as an Urgent Need in Special Education

For students with SEND, motivation has a primary role. However, studies confirm
that low motivation is recognized as a common challenge to personal, academic, and
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professional achievement [55]. Recent studies suggest that motivations are predictors of
disability status [56]. While internal motivations are regarded as a key factor for inclusion
and personal achievement, people with learning difficulties need additional intervention
to develop as well as to maintain this kind of motivation, which, in turn, has a significant
impact on the person’s autonomy level, competence, and relatedness [57].

Along with the challenge of initiating self-motivated behaviors, people with SEND
often exhibit difficulties in metacognition [58]. For instance, people with neurodevelopmen-
tal disorders such as ASD find it more difficult to apply self-observation, to be reflective on
their mental states, and recognize intentions [59-61]. Self-control difficulties are a common
characteristic among people with SEND. They find it more difficult to consciously observe
and regulate cognitive operations, inhibit impulses, make accurate judgments, set goals,
and initiate self-motivated behaviors [62]. Regarding self-regulation, it is worth noting that
people with SEND tend to show more emotional dysregulation compared to the typically
developing population [63,64]. Significant challenges are also observed regarding adaptive
skills [65,66]. Researchers have confirmed that individuals with SEND, when compared to
neurotypical populations, perceive the socio-emotional world as more challenging in terms
of implementing emotional recognition, emotional management, and emotional expression
in a socially competent manner [67].

3.3. The Benefits of VR and Gaming Technologies for Training People with SEND

In terms of SEND training, VR has several features that make it ideal compared to
other representational technologies. The virtual environments are safe enough and do
not expose people with risky behaviors to unpredictable conditions. Stimuli are provided
in a controllable way and tasks can be adapted according to the participant’s strengths
and weaknesses [68]. Stimulation can be either enhanced to increase motivation, engage-
ment, and attention, or reduced as a means to prevent sensory overload and attentional
distraction [27,69]. In addition, VR can stimulate multiple sensory channels (vision, audi-
tion, and haptics) and provide users with engaging environments that maximize training
outcomes [28,70]. A significant advantage of VR is that the use of personalized scenarios
can target specific skills [68]. Personalization of interventions is a requirement in special
education training [27].

Attention has a regulatory role and thus plays a crucial role in behavior modification.
VR has the unique feature of direct attention. It can either distract participants’ attention
from unhelpful stimuli (i.e., stressful or phobic stimuli) or direct attention in a targeted
direction (i.e., desired goals or behaviors). In addition, VR familiarizes subjects with
attentional operations. Most importantly, it helps users in developing attentional awareness,
i.e., the realization that one can use attention as a tool for self-regulation [70]. In addition,
VR supports memory processes, makes memorization easier, and helps subjects to better
control meta-memory processes [28,71].

When subjects are immersed in VR, they have the unique opportunity to engage
in roleplaying, to change their perspective, and to perceive situations from a different
point of view. Thus, VR makes it easier for people with SEND to deal with cognitive bias
and to better understand both their own and others” mental and emotional states. The
abovementioned processes are facilitated by the employment of virtual agents, who can
take the form of a teacher, a mentor, an advisor, a friend, a co-worker, or a positive role
model. This makes behavioral adjustment an easier task [27,28,30,72,73].

VR relies substantially on visual interaction that minimizes cognitive load while increas-
ing processing capacity. In addition, the use of visual cues is helpful for those struggling to
deal with verbal cues such as people with dyslexia and other mental imagery deficits [28].

VR technologies provide assessments, feedback, and scaffolding, as well as promote
collaboration. Feedback plays a significant role in regulating behaviors and flexibly apply-
ing metacognitive strategies. Subjects can interact inside the same virtual area and share
virtual spaces, avatars, and chat rooms. Learners are encouraged to collaborate, reflect,
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develop observation skills, and raise a better awareness of the knowledge construction
processes [24,27,30,72,74].

Digital game-based training provides various characteristics that may have a positive
impact on training people with SEND. Digital games offer attractive training environments
that are brimming with entertaining features in combination with pleasant environments,
esthetic quality (graphics, effects, music), and a structured framework based on pedagogical
principles. Digital games stimulate interest and positive emotions such as enthusiasm,
which are considered major motivations for active learning and behavior modification. In
addition, gaming induces the flow state, which is considered the gateway for maximizing
training outcomes [18,75].

Digital games are based on predetermined rules, the basis of which players will
regulate and adapt their gaming actions. Gamers learn to follow instructions and develop
gaming strategies based on specific objectives, tasks, and challenges. Games provide
feedback that promotes reflection and adaptation, as well as fast and accurate decision
making. To overcome obstacles with flexibility, digital games require gamers’ attention and
observation [18,75-77]. Digital games require the ability to deal with conflicts, competitions,
challenges, and rivalry.

A significant advantage that games provide concerns the adaptation of game diffi-
culty according to players’ strengths and weaknesses, thus providing optimal challenges
that, in turn, reduce stress and increase motivation [75]. Gaming promotes constant in-
teraction either with various gaming elements or with other players [20]. Multiplayer
games, for instance, promote social skills and teamwork [76]. Most importantly, games
gradually train players to be autonomous, self-motivated, and self-regulated agents [75].
Games provide different levels of challenge and permit repetition. Adapting the game’s
difficulty to participants’ level of competency along with the choice of repetition may
create ideal circumstances for people with SEND in accomplishing gaming goals and
avoiding anxiety [78].

3.4. The Potential of VR and Gaming Technologies in Meta-Skills Training

Studies show that digital games can help players satisfy basic psychological needs,
thus increasing intrinsic motivations. By starting with external rewards and continuous
reinforcement, and moving toward gaming techniques that encourage the internalization of
motivations, players can experience positive emotions and internalize motivations [75,79].
Digital games provide players with choices and feedback, as well as create a sense of
freedom encouraging the development of autonomy, the feeling that decisions during
gaming are volitional, and the actions under the player’s control. In addition, games offer
the optimal level of challenge as a means to enhance competence and improve self-efficacy.
In addition, gaming, for instance in the context of multiplayer games, can cultivate players’
sense of belongingness and can increase meaningful connectedness with others [75]. Other
studies outline that gaming fosters positive emotions and raises harmonious passion, which
is linked to the flow state, the state of optimal performance, as well as mental and emotional
well-being [80]. Finally, gaming encourages players to become self-regulated and to take
responsibility during gameplay [76].

Empirical studies on this raise hopes about the potential of VR to revolutionize the
ways of playing digital games. Reer et al. [81], based on self-determination theory, investi-
gated the impact of virtual reality on the gaming experience via a sample of 133 participants.
It was found that playing the VR version positively impacted autonomy, competence, and
needs satisfaction, which, in turn, elevated feelings of enjoyment. Peng et al. [82] demon-
strated that playing games with a VR device elicited stronger motivations and positive
feelings such as interest, contentment, and happiness than playing the same game using
traditional display technology. Pallavicini et al. [83,84] examined the role of VRGs as a tool
for emotional training. It was found that gaming in VR increased surprise and positive
feelings such as happiness and flow experience. Other studies suggest that gaming in
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virtual reality facilitates the development of fundamental meta-cognitive skills, such as
those of meta-memory skills [71].

In the current paper, through recognizing the urgent need for meta-skills training
as a means of inclusion and considering the potential of virtual reality and gaming in
assisting training interventions, we investigated the potential of VRGs as an intervention
strategy in training people with SEND to enhance motives, socio-emotional competences,
and metacognitive abilities.

4. VRGs for Meta-Skills Training in Special Education

The existing research provided a sample of twenty-six studies that met the inclusion
criteria. These studies included participants with SEND. Specifically, participants in the
selected studies were diagnosed with ADHD, ASD, ID, Down syndrome, and SLD, in-
cluding dyscalculia, dyslexia, and dysgraphia. The VRG interventions were applied to
a total of 834 subjects. The participants in most studies were children and adolescents.
Most studies were randomized control trials and pilot studies. Studies included non-
immersive, semi-immersive, and immersive virtual reality. The game designs included
action games, adventurous games, roleplaying games, and escape rooms. Targeted skills in-
cluded inhibitory control, self-regulation, mental flexibility, empathy, social skills, attention
regulation, observation skills, decision making, memory, and motor control (Table A1 in
Appendix A).

4.1. VRGs for Meta-Skills Training in Attention-Deficit/Hyperactivity Disorder (ADHD)

In a total of twenty-six papers, eight concerned the effective training of people with
ADHD. All papers confirmed that VRGs have a positive influence on people with ADHD.
Specifically, VRG training allowed subjects to have a better awareness and control over
attentional operations [85-87]. They were more able to inhibit impulses and aggressive
behaviors [86]. Studies also showed that participants could better exhibit flexible and self-
regulated behaviors [78,86,88]. Their thinking abilities were also more flexible [85,89].
It is notable that positive feelings increased, resulting in an increased motivation to
continue practice [78,86,87,90,91].

The results indicated that the use of positive emotional cues in VRGs helped people
with ADHD to be more attentive, make better predictions about other intentions, and
develop more flexible behaviors [85]. In a VR social exchange game, forty adults (twenty
of them with ADHD) were asked to play a multi-round trust game. Players had to adopt
the role of the investor and interact with four virtual trustees. Afterward, they had to
assess the fairness of the trustees’ behavior based on the emotional facial cues. The results
showed that participants with ADHD could better identify trustee intentions and adapt
their behavior, but only when trustees had happy faces [85].

Embodiment in VRGs was found to be an effective strategy for children with ADHD in
terms of increasing engagement, motivation, and self-regulation abilities [86]. A full-body
video game was utilized in a sample of seventy-three school-aged children with ADHD.
In the experimental group, thirty-seven participants embodied a young and inattentive
dragon that had to accomplish a variety of cognitive tasks to save its home world from an
enemy. An Xbox camera captured their movement and translated it to the movement of
the avatar on the screen. Teacher evaluations showed that children in the experimental
group improved inhibition skills and their self-regulated behaviors increased. In addition,
they were more motivated and satisfied compared to the control group (who played a
commercial videogame [86]).

The results also revealed that learning by playing in a virtual context can help subjects
with ADHD to perceive learning as a positive experience [87]. In a pilot study, a game-
based 3D virtual environment was evaluated in a sample of four students with SEND,
including ADHD. A total of eight contexts were created, including basic game factors. The
environment was also designed to encourage students’ self-directed learning. The results
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showed improvements in motivation and concentration. In addition, participants were
friendlier after gaming and perceived learning as a reward [87].

VRGs that trained balance and coordination were found to improve mental and
behavioral flexibility, as well as helped with maintaining players’ active interest [78]. For
instance, Ou et al. [78] evaluated, in a sample of three children with ADHD, the effectiveness
of VRGs that trained balance control and coordination in increasing attention, mental
flexibility, abstract reasoning, and information processing capacity. After the intervention,
participants could more flexibly self-regulate hyperactivity and aggressive behavior. In
addition, it was observed that the feeling of enthusiasm kept participants with ADHD
self-motivated to continue and systematize daily practice.

VRGs combined with breathing techniques and biofeedback technologies were found
to improve self-regulation skills [88]. A VR biofeedback game was evaluated in a sam-
ple of eight adolescents with ADHD. The players using the VRG explored an underwa-
ter virtual world, whereby they used their breathing as a means to control their move-
ment within the game. After six sessions, subjects could better regulate anxiety and
disruptive behavior [88].

VR serious games were found to help players to adopt positive behaviors and to
perceive learning as a positive and rewarding experience [90]. Rodrigo-Yanguas et al. [90]
conducted a randomized control trial to evaluate the efficacy of a serious VR game on
improving metacognitive thinking abilities, including attention, inhibition control, working
memory, and mental flexibility. The main goal of the VRG was to follow the main storyline,
during an adventurous game, while resolving problems. Spectacular VR environments
were used to inspire players. In addition, avatars were used as role models to encourage
players to regulate their behavior. The findings showed improvements in behavioral change.
They perceived training as a positive experience, they were motivated to repeat, and they
found tasks easier in being understood.

VRGs were found to improve executive functions, which is an indicator of self-
control [91]. A serious VR game was structured around activities that aimed to train
the cognitive-behavioral skills that are impaired in ADHD subjects. Participants were
randomly divided into two groups, one experimental and one control. They were given
VRG therapy with the IAmHero system, and this was alternated with traditional therapies.
The use of the VRG on a group of children with ADHD aged 5 to 12 revealed improvements
in the basic indicators of self-control and positive behavior change [91].

VRGs have a positive impact on mental operations that assure speed and flexible
thinking [89]. A randomized experimental study evaluated the efficacy of VRGs on basic
indicators for flexible and self-regulated thinking; namely, processing speed and working
memory. The results showed improvement for the experimental group compared to the
passive control group [89].

4.2. VRGs for Meta-Skills Training in Autism Spectrum Disorder (ASD)

Eight studies investigated the efficacy of VRGs for subjects with ASD. Overall, the
studies showed a significant improvement in self- and socio-emotional awareness [92-97].
Subjects with ASD improved their ability in expressing their feelings and needs, as well as
in recognizing others’ emotions and intentions [92,95,96]. They were more able in being
adaptive in social interactions and in effectively collaborating with peers [97]. Positive
signs were also observed regarding their ability to regulate hypersensitivity as well as
anxiety [98]. The sense of self-satisfaction also increased [99].

The results showed that VRGs that promote social collaboration and perspective-
taking can be beneficial for children with ASD in improving socio-emotional skills [92]. For
instance, a multi-user VRG was evaluated in a sample of 14 participants, 6 of them with ASD.
The results showed that participants with ASD improved social awareness and empathy. In
addition, they could more flexibly collaborate with more typically developed players [92].

Role-playing games within virtual environments were found to encourage children
with ASD to develop social and adaptive skills [93,96,99]. Lu et al. [99] evaluated the
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efficacy of a single-player VR role-playing game in training twelve children with ASD to
follow and give instructions. After taking instructions from an avatar dolphin trainer, the
players were asked to adopt the role of a trainer giving directions to the dolphins on how to
perform tricks. The findings showed that participants improved their ability in maintaining
eye contact and following the rules of communication.

Similarly, Ke et al. [93], via a 3D virtual world, provided different types of social
gameplay, including role-playing and problem-solving tasks that aimed to train adap-
tive behaviors and interpersonal skills such as negotiation and self-expression. Another
positive point for the VRG was that the game tasks were presented in a dynamic pacing
and sequence according to the players’ progress and preferences. The results showed
general improvements in self-awareness and mental flexibility. In addition, motivation,
engagement, and satisfaction increased.

Through using a CAVE-like immersive VR role-playing game, Tsai et al. [96] aimed to
train three children with ASD in self-observation, emotion recognition, and social flexibility.
The participants were instructed to role play with VR animations and watch two different
real-time switchable role-play animations of themselves and their counterparts socially
interacting. Results showed improvements in social interaction, emotional awareness, and
empathy. Thus, VRGs that train individuals to alter between the first- and third-person
perspectives can have positive outcomes in raising awareness skills.

VRGs with the use of an eye-tracking system was found to be beneficial for individ-
uals with ASD. Rosenfield et al. [95] evaluated the feasibility of an immersive VRG that
integrated gaze tracking and voice processing, and this was aimed at training the social and
conversation skills of two children with ASD. VR enabled participants to make movements
in the room. The eye-tracking system recorded where the user’s visual attention was
during the conversation. The participants’ interest was high. Social skills improved not
only in virtual, but also in real life. Participants could better observe and adapt during the
conversation with the virtual characters of the game.

VRGs combined with exposure therapy techniques showed positive effects in training
the self-regulation skills of six individuals with ASD [98]. In a pilot study, Johnston et al. [98]
used a VRG combined with exposure-based therapy techniques. The game delivered tar-
get auditory stimuli to the player, which was rendered via binaural-based spatial audio.
The intervention aimed to familiarize subjects with sounds that might provoke irritabil-
ity or/and anxiety. It was found to be method for a better self-management of anxiety
and hypersensitivity.

A VR escape room was found to be effective not only in raising children’s interest, but
also in training teamwork skills. Terlouw et al. [97] designed and tested the feasibility of
a serious escape-room-based game in training joint attention and social skills, including
cooperation and connection with typical peers. Results appeared promising about the use
of serious VR gaming tools in triggering collaborative behaviors between high-functioning
children with ASD and their peers.

4.3. VRGs for Meta-Skills Training in Intellectual Disabilities (ID)

Four studies, with a total of 167 participants, revealed that VRGs had a positive
impact on crucial cognitive functions such as those of memory and perception [100-102].
In addition, it also revealed a significant improvement in self-control abilities [101-103].
Specifically, participants were more able to apply self-regulation strategies, which resulted
in an improved sense of autonomy [102].

VRGs that employed body and brain exercises had a positive impact on cognitive
impairments. In a randomized control trial, the short- and long-term effects of VRGs on
subjects with ID were explored. In the experimental group, a VR platform was used with
commercially available brain games. EEG was recorded. After the intervention, the subjects
in the experimental group showed improvement in their cognitive operations compared
with the control group, which performed only motion and stretching exercises [100].
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VRGs were effective in training the life skills needed for social inclusion and well-
being, such as autonomy, self-control, self-efficacy, memory, and flexibility. A sample of
145 participants with ID were divided into three groups: the VRG life skills training group
(n = 42), the traditional life skills training group (1 = 53), and the control group. It was
found that VRGs helped individuals with ID to better control fear, irritation, and distraction.
In addition, independence, decision making, and self-efficacy increased [102].

In another study, Thapa et al. [103] investigated the efficacy of VRGs in a sample of
67 participants with ID. Four VRGs were applied, including tasks that required memoriza-
tion, attention skills, and response speed. The results revealed improvements in executive
functions, an indicator of self-control, after eight weeks of training.

In a pilot study, Ahn [101] attempted to combine VRGs with cognitive therapy with the
intention to help thirteen children with ID to develop visuomotor integration. Visuomotor
integration requires intact visual perception, fine motor coordination, motor inhibition,
and sustained attention. All participants in the study received conventional therapy and
VRG-based cognitive therapy. After twelve sessions, the participants in the experimental
group developed better control over visual and motor coordination abilities.

4.4. VRGs for Meta-Skills Training in Down Syndrome

The two selected studies revealed positive signs for people with Down syndrome.
Specifically, Wuang et al. [104] investigated whether gaming via VR could be beneficial for
children with Down syndrome. They compared the effectiveness of VR, via Wii games, with
standard occupational therapy. One hundred and five children were randomly assigned to
the VRG group and the standard occupation therapy group, while fifty participants served
as a control group. The experimental group outperformed in motor proficiency, visual—
integrative abilities, and sensory-integrative functions. Thus, VRGs provided subjects with
optimal sensory intakes, allowing them to better organize and control sensory input.

Gémez Al-varez et al. [105] aimed to determine the effectiveness of a VRG in training
sixteen children with Down syndrome on motor and postural control. An experimental
group with nine children received an exercise program based on the Nintendo Wii. Results
showed that VRGs had positive effects compared with the control group on motor control.

4.5. VRGs for Meta-Skills Training in Specific Learning Difficulties

Four studies explored the feasibility of VRGs on SLDs, such as dyslexia, dysgraphia,
and dyscalculia. The results showed that people with SLD improved in their attention
control skills, resulting in significant improvements in learning performance [106-109]. Mo-
tivation and interest in learning increased [107]. Participants could better deal with negative
feelings under stressful tasks, such as problem-solving and reading comprehension [109].

Specifically, Pedroli et al. [106] investigated whether an action video game using cues
in the context of a virtual environment could improve attention regulation skills and reading
abilities in ten children with dyslexia. After four weeks of intervention, improvements
were found in regulating eye fixations and attention in general. The authors concluded that
VRGs may be a promising intervention for students with dyslexia and poor reading.

An action VRG was also utilized by Flores-Gallegos et al. [108] in children with
reading learning difficulties. The VRG focused on reading abilities, balance, gross motor
coordination, visual-spatial attention, and self-perception. An experiment group of six
children received a 30-session training, while a control group was placed on a waiting list
and received the same intervention after the post-test. Results showed that the experimental
group had better control over their attention. In addition, improvements in self-perception
was also observed.

A virtual system for developing language skills was evaluated in a sample of eight
children with dyslexia. The interface consisted of three games that trained language skills,
each with three levels of difficulty. Visual and audible feedback was constantly provided
to improve attention and the learning procedure. After five weeks of training, children
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improved comprehension, were more confident, and perceived the learning procedure as
more interesting and motivational, as per Buele et al. [107].

Castro et al. [109] evaluated the impact of a virtual environment that incorporated
eighteen mini games for children with dyscalculia in improving their working memory,
spatial visualization, and other mathematical skills. Players in the form of avatars played
the role of a monkey attempting to save a turtle. The findings revealed positive effects on
self-control. Players could better control negative feelings. They had more positive feelings
during problem-solving tasks. Finally, they felt more autonomous and willing to continue
in their efforts. Table A1 (Appendix A) provides a summary of the VRG interventions used
in the skills training for people with SEND.

4.6. Quality of Studies and Risk of Bias Assessments

Risk of the majority of the reviewed papers reported positive preliminary results, with
improvements in the functional domains addressed. ROB2 [42] was utilized to evaluate
the 12 randomized controlled studies, and it was found that 6 studies had a low risk of
bias, 5 studies had some concerns, and 1 study had a high risk of bias. The remaining
14 non-randomized controlled studies were assessed using ROBINS-I [43]. A total of
4 studies were evaluated to have a moderate risk of bias, and 10 studies had a low risk
of bias. The details of the ROB-2 and ROBINS-I assessments were presented with an
adapted robvis visualization tool [44], which can be found in Appendix A (Figures A1-A4).
The majority of these studies had a low risk of bias. The concerns were mainly linked
with the randomization, the selection of the participants, as well as the selection of the
reported results. The small sample size of the participants was also a significant reason for
having concerns.

5. Discussion

Looking at the data as a whole, we can infer that VRGs have a positive impact on
people with SEND. The usefulness of VRGs was investigated in several target groups, and
it was revealed that this sort of intervention is a valuable training strategy for improving
the meta-skills needed for inclusion, accomplishment, and personal well-being. Specifically,
VRGs were found to be an effective training intervention for people with neurodevelop-
mental disorders such as ADHD and ASD, for people with ID and Down syndrome, as
well as for those populations with SLDs. People with ADHD were more able to concen-
trate and develop self-regulation strategies [87]. Subjects with ASD increased social and
emotional awareness [92,93]. They could better understand emotions, identify intentions,
and predict behaviors [82]. A significant improvement was observed in social interactions.
Players were more able to deal with social anxiety and sensory hypersensitivity [91]. Their
behaviors were significantly more flexible not only in the gaming environment, but also
in real life [92,93,95]. Regarding ID, subjects improved in indicators of mental flexibility,
such as working memory [100,102]. Participants were more able to flexibly collaborate
with peers [97]. In general, they were more independent, with better control over their
actions [101-103]. Positive outcomes were also found for people with SLDs, including
dyscalculia, dyslexia, and dysgraphia. The findings revealed that those with SLD had
greater control over their learning throughout the comprehension and problem-solving
activities [106,109]. Furthermore, subjects could better manage math phobia [109]. Confi-
dence, positive attitude, and self-perception improved, thus encouraging them to more
easily overcome anxiety and learning difficulties [107-109].

The selected studies provided evidence that VRGs effectively trained the skills needed
for better awareness and control over thoughts, emotions, and actions. VRGs were found
to foster subject dispositions in terms of changing dysfunctional habits and behaviors. A
clear increase in self-directed as well as self-regulated behaviors was also observed. The
data revealed a significant increase in self-control abilities, such as the ability to inhibit
inappropriate thoughts, desires, behaviors, and actions [86,88].
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As we mentioned in the theoretical background section, motivating students with
SEND constitutes a significant objective. Gaming in VR was found to inspire players,
raise interest, and made them feel self-motivated [93]. Most importantly, it was found that
subjects with low motivation changed their perception of learning. As was reported, they
could see learning as a reward, as a satisfactory method for self-development [86]. The
results of this review study are in line with other studies that outline the superiority of
VRGs when compared to non-VRGs in internalizing subject motivations [81].

Studies showed that VRGs helped participants to develop adaptive skills, which are
examples of the most needed meta-skills in the 21st century. Flexibility was observed in
the ways of thinking, feeling, or behaving. It is important to highlight that several studies
showed improvements in well-recognized indicators of mental flexibility, such as working
memory capacity and information processing capacity [89].

It is notable that VRGs that provided affective cues with positive emotions improved
subject attention toward goals in gaming and enhanced their ability to be empathetic. In
general, positive emotions predicted more flexible and self-regulated behaviors [78]. Thus,
this may indicate that VR environments could enrich the gaming experience with affective
cues on positive emotions as a means to facilitate targeted meta-skills. It is not by accident
that there are studies that highlight the positive impact of subliminal cues with positive
emotional content within virtual environments in the development of self- and emotional
regulation skills [70,110].

VR, through presence, interaction, and immersion, make the gaming experience less
stressful, more enjoyable, and meaningful. In general, participants were found to be more
satisfied compared with other traditional interventions. Players enhanced their efforts
during gaming, and they were more self-motivated, seeking to perform more repetitions as
a means to increase performance [90].

Virtual reality provided players with more opportunities to increase awareness about
their thinking processes, as well as their mental and emotional states during gaming.
Similar positive outcomes were observed when players were asked to identify, characterize,
or predict others’ thoughts, feelings, and intentions [92,93,96].

The use of virtual agents was found to have added value. For instance, Rodrigo-
Yanguas et al. [90] used avatars as role models to help players adopt self-regulating behav-
iors. The findings showed improvements in self-regulation ability. The participants were
also more positive to change.

Virtual reality provided appropriate environments for playing role-playing games.
This type of game offered players the opportunity to change their perspective and to
perceive situations from a different point of view [96]. Within virtual environments, subjects
could more flexibly adopt a different point of view.

As we mentioned in the theoretical background section, virtual reality has already
shown positive outcomes for people with SEND [26-30]. According to Ou et al. [78], gaming
helped participants to keep their enthusiasm and motivation active, as well as continuing
in their efforts via repetition [81]. This observation may reveal why gaming in VR may
excel over other conventional VR interventions. VR, especially immersive technologies,
seem to facilitate the internalization of motivations, moving players away from the habitual
way of thinking and acting, thus transforming the gaming experience into a journey of
self-knowledge [81].

Despite the positive effects mentioned, it is important to consider the possible risks
linked with the use of VRGs in treating SEND. According to the systematic review con-
ducted by Simon-Vicente et al. [111], VR—in addition to therapeutic effects—may cause
various adverse events. A common physical safety issue is cybersickness, which can
provoke fatigue, dizziness, and malaise, or even lead to a series of symptoms, such as
nausea, eye strain, and bodily disorientation [111]. Some researchers have also reported the
potential psychological safety risks associated with the use of VR [112]. It is notable that
the side effects may be different depending on the population and the underlying clinical
conditions, the use of various devices, VR contents, the exposure period, as well as the
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special features of the required task [111]. In the current review, researchers in most studies
have not noticed serious side effects from the use of VR. For instance, Rodrigo-Yanguas et al.
reported that a small proportion of participants (5/36, 14%) experienced either dizziness
or motion sickness [90]. Although the safety risks have led to some disputes over the
use of VR in clinical populations, rather than discouraging its application, it is suggested
to carefully examine these risks in the design of future studies [39,111]. The use of risk
assessments based on predictive questionnaires, the immediate reports of discomfort, as
well as timely support from therapists could enhance the effectiveness and safety of VR
intervention [39,113]. For that reason, more research is needed about the selection of appro-
priate VR technology that meets the subject’s needs. For instance, in the case of ADHD,
it is necessary to avoid the risk of developing addictive behaviors [83]. For people with
ASD, it is important to minimize the risk of elevating anxiety and sensory overload [26].
However, it is equally important to identify VR equipment that finds the best fit with the
selected target groups, as well as their training needs [114].

Looking at the results of this review as a whole, we can conclude that VRGs constitute
effective digital training environments for people with SEND. Under this point of view, peo-
ple with SEND, caregivers, educators, and even therapists can make use of the advantages
that VR environments and gaming technologies, when co-existing, can offer [78].

The results of the current study revealed positive findings. However, more research
is required to identify the underlying mechanisms behind VRG experience, as well as
to determine the theoretical bases, pedagogies, and the neuropsychological theoretical
background for making VRG environments sensitive to people with SEND. Future research
and experimental designs may consider the role of artificial intelligence in optimizing
personalization and gamers’ assistance [102]. In addition, eye-tracking, haptics, sensors,
biofeedback, and brain—computer interfaces may be promising tools for optimizing the
outcomes in interventions with VRGs [88,95,115].

Furthermore, multi-disciplinary work is needed to design and implement VRGs that
are personalized and learner-adaptive, thus addressing the need for diversity in special
education needs [116]. Attention should be placed on the VR equipment, the design of the
virtual environment, as well as the game characteristics to maximize the positive outcomes.
Scenarios and tasks, for instance, should be adapted to learners’ needs, existing abilities,
progress, and preferences. In addition, attention should be placed on learning and training
goals that are based on a well-established theoretical background.

VRG as a strategy for people with SEND provides significant opportunities. However,
research is in its early stages. More large-scale experimental studies with follow-up are
needed, with an appropriate design according to the target group’s characteristics and
needs. Furthermore, research may integrate theories of metacognition and motivation,
as well as theories of emotional intelligence. It would be interesting to blend VRGs with
psychological techniques such as neurolinguistic programming, mindfulness exercises, or
breathing techniques [117-119], such as those used with the assistance of neurofeedback by
Bossenbroek et al. [88].

6. Conclusions

In the current review paper, VRGs were examined as a training technique for persons
with SEND to build the meta-skills needed for inclusion, achievement, independent living,
and well-being. To achieve this objective, we co-examined the mediating role of motivations,
metacognition, and emotional intelligence.

Based on the findings of this review, we can conclude that VRGs have a significant
potential to be an effective tool for training people with SEND. People with neurodevel-
opmental disorders, cognitive impairments, as well as emotional, behavioral, or learning
difficulties improved important meta-abilities. These ranged from the ability to be self-
conscious, make conscious and volitional decisions, adopt flexible behaviors, as well as to
self-regulate thoughts, emotions, and actions. Participants, after systematic training, were
more willing to modify dysfunctional patterns of thoughts and behaviors. They had better
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awareness both about themselves and others, which led to improved social interactions,
more empathetic decisions, and an improved sense of belonging. Most importantly, they
were more independent, self-confident, and self-motivated. In several cases, they perceived
training as a reward and an enjoyable process.

In trying to interpret our results, we came to the conclusion that gaming and VR—
especially in the case of immersive technologies—can join forces to induce positive experi-
ences, can help with internalizing users’ motivations, as well as can encourage people with
SEND to develop self-regulated and adaptive behaviors. The games stimulated interest,
induced positive emotions (e.g., enthusiasm, excitement), as well as provided rewards
and reinforcement toward functional behaviors. Subjects were encouraged to observe,
communicate, cooperate, express themselves, and to understand others. Providing optimal
challenges and levels of difficulty, rules, instructions, recording progress, as well as provid-
ing feedback enabled participants to continue in their efforts, to inhibit impulses, and to
maintain active focus on the goals rather than on the obstacles or on the fear of failure.

Regarding the role of VR, we conclude that VR, through presence, interaction, and
immersion, made gaming experiences more reflective. Subjects perceived the gaming
experience as real, thus minimizing their resistance. VR provided attractive environments,
allowing subjects to relax, have better control over their inner states, and to find it easier to
obtain the state of optimal performance. Gaming experience in VR was perceived as more
enjoyable. Sensory feedback advanced experiences. Visual cues reduced mental fatigue
and increased mental imagery. Virtual agents encouraged players to set and accomplish
goals in problem-solving tasks. VR enabled the subjects’ self-identity to be expressed. In
VR, participants did not play the character—they were the character. They could better
change their perspective and perceive situations from a different point of view. In VR,
subjects were active rather than passive observers.

Despite the benefits, the implementation of VRGs in special education faces some
challenges. General challenges include reduced clinical expert training, reduced educator
training, cost challenges, and users’ attitudes, while specific challenges include designing
the program, safety considerations, VR side effects, assessment, and the validation of VR
applications [111,120]. It is essential to further examine the safety and usability of VR
before planning an intervention, and this has to be achieved by carefully examining the
special characteristics and needs that the clinical population have [26,111,114]. The design
content of VR depends on the cooperation of different professions in different fields, which
can make it too expensive. It is essential to train clinical experts and patients in the proper,
professional, and ethical utilization of VR. The need to design and implement education
interventions by teams of experts should be prioritized and guaranteed by the financial
support of the projects. The acceptance of VR by students with SEND and caregivers for
educational use should be considered an essential objective. A comprehensive manual
that specifies how, where, and for whom this technology is appropriate is also needed.
Diagnostic and preventive plans for the alteration in participants’ behavior after applying
VR-based games and applications should also be examined [121].

We conclude that VRGs are a promising training strategy for people with SEND to
have more opportunities for inclusion, accomplishment, autonomy, and well-being in terms
of their sustainable development of the 21st century society. The results of this study may
provide positive feedback for further research.
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Appendix A
Table Al. Summary of the VRG interventions in skills training for people with SEND.
Sample (Number, Age or VRG Design Target . Study sl .
Source Year Mean Age, Sex) Target Group Characteristics Abilities/Skills Duration Design Main Findings
n =40 (20 ADHD, 20 healthy Virtual social exchange Interpersonal skills, Quasi- . tal Si fi tsi
Lis et al. [85] 2013 controls), Mage = 36 ADHD game with emotion recognition skills, 1 session StEZSI experimenta sé%?cf-(e)ml(r)rtlipc)) fe:ie;gintisvlgskﬂls
M =18, Fe =22 virtual partners ToM abilities y p
Weerdmeester et al. n=73, Mage =9.77, (nexp = 37, R . Inhibitory control, motor 6 sessions, 15 Improved attention regulation
[86] 2016 nqe = 36) Fe =15, M =58 ADHD Full-body videogame control skills min/session RCT and reduced impulsiveness
4 e _ Non-immersive S Improved attention regulation,
Lan et al. [87] 2018 n _74’ 8-9 years old, Fe = 2, ADHD, ASD, ID screen-based VRG Social engagement 3 months Design baseFl language awareness, and
M=2 . research design 2 P
(Second Life) positive motivations
Proprioception, balance, getieigllﬁn’ :};‘;gt:clt 3 months (3 times Self-regulation of inattention,
Ou etal. [78] 2020 n=3,8-12years,Fe=2,m=1 ADHD and coordination games r asoniny, and complex a week, Pilot study hyperactivity, and
in immersive VR re g comp 40 min/session) aggressiveness
information processing
n=3§ Immersive VR 4 weeks, 6 sessions, Single-case
Bossenbroek et al. [88] 2020 - ADHD biofeedback game with Self-regulation skills o ’ &€ Improved self-regulation skills
Mage = 14.67, Fe=1,M =7 breathing exercises 15 min experimental study
Attention, memory,

. _ _ _ Adventurous 3D serious visuospatial abilities, . . . .
Rodrigo-Yanguas et al. 2021 1 =37, Mage =13.78, Fe = 12, ADHD game with inhibition control, 25 min/session RCT P051t1ve'feehngs, sa‘tllsfactlon
[90] M=25 . . - and desire for repetition

problem-solving tasks planning, reasoning, and
mental flexibility
Serious immersive games Attentlon, plar}mng, 6 months, 2 sessions Better self-regulation of
. n =60 (Exp = 30, Clt = 30), . .. visual perception, . - . . ..
Schena et al. [91] 2023 ADHD with cognitive- . . per week, 50 min Preliminary study hyperactivity and impulsivity.
Myee =8, Fe =27, M =33 . visuomotor skills, and . X R
5 behavioral tasks abstract reasoning per session, Improved executive functions
1 =26, (Exp = 13, Clt = 13) Virtual reality-based Attention, memory, Improvement in the results of
Cunbha et al. [89] 2023 M_ 7 o1 p =12 et ADHD games from the Enhance processing, and 10 sessions, 6 games RCT processing speed and
age — VR app mental flexibility visuospatial memory
. . . Social awareness, . .
Parson et al. [92] 2015 n =14 (8 typical, 7-9 years, ASD Mul.tl—user virtual empathy, and 2 wet?ks, 3 sessions, Case study Improve{d's'omal awareness
6 ASD 10-13 years) reality game collaboration 30 min sessions and flexibility to collaborate
Serious immersive Follow directions, Improvel'nen.ts in social
single-player 3D communicate by giving communication, sense of
q n=12, (nexp =7, nat = 5), 4 - . 1 session self-satisfaction, giving and
Luetal. [%9] 2017 (10 with ASD, 2 SEND) ASD role-playing game d11.rect10ns, psychomotor (1-15 attempts) RCT following instructions, and
developed on a skills, and hand-eye improved control over
VR platform coordination proved controt ove
eye-hand coordination
Social awareness skills Subjected increased sense of
_ . . - » . Ny agency and identity
Ke et al. [93] 2018 n=_,, ASD 3D virtual (responding, negotiation, 16-31 sessions Mixed-method, manifestation. Cognitive

10-14 years, Fe=1,M =7

collaborative gaming

initiation, self-identity,
and cognitive flexibility)

45-60 min sessions

multi-case study

flexibility and social
awareness improved
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Table A1. Cont.
Sample (Number, Age or VRG Design Target . Study .
Source Year Mean Age, Sex) Target Group Characteristics Abilities/Skills Duration Design Main Findings
Motor, attention,
VR coordination, imitation,
games: decision making, 1 month, 4-6 sessions Improvements in motor,
Muneer et al. [94] 2015 n=>5, Maee =5.2 ASD Carnival games, following instructions, 4 4 Pilot Study attention, observation, and
8 : . 20-30 min. . . .
Kinect understanding cause and socio-emotional skills
Adventures effect, and
social/emotional skills
ASD/ Observation skills, joint Improved ability to express
Rosenfield et al. [95] 2019 n=2,6-7years,Fe=1,M=1 VRG attention skills, and 1 session, 15 min User study P el P
ADHD - ) needs and desires
conversation skills
n==6, VRGs combined with 4 weeks Tolerance and better
Johnston et al. [98] 2020 Mage =17.7, ASD CBT and binaural-based Self-regulation skills A session per week, 30 Pilot study regulation of stress and
Fe=2,M=4 spatial audio min per session auditory hypersensitivity
Third-person
n=3, perspective role-playing Emotional recognition Multiple Improved social reciprocity
Tsai et al. [96] 2020 Mage =7.7 ASD game in a CAVE-like skills, social skills, 10 sessions rapre behavior, improved awareness
8 ¢ ; . ; . single-subject study .
M=3 immersive 3D virtual observation skills of emotions
reality
n =37 (n =23 ASD, n =14 Serious virtual Social interaction, . Improved flexibility in
other needs), 10-12 years old, escape-room-based game A . . . Design research . N
Terlouw et al. [97] 2021 X ASD . communication. Joint 4 testing sessions interacting and
Fe = 5 with ASD, (puzzles, riddles, and attention, as well as framework communicating with peers
M = 18 with ASD collaborative games) ’ 8 P
VR-based Xbox 360 i . . o .
Amjad et al. [100] 2019 n =44 (Exp =22, Clt = 22) ID Kinect platform with cognitive and executive 6 weeks, 5 sessions per pey EEG indicator improved as
. functions week, 30 min well as cognitive functions
brain games
_ _ 4 series of games with . 24 sessions, 3
Thapa et al. [103] 2020 1 =68 (Exp = 34, 1D Oculus VR headset and Attentlgn, memory, and times/week, 100 min RCT Improved executive functions
Clt =34), Myee = 72,6 . processing speed .
& wireless hand controllers each session
. . . . Improved visual motor
Ahn [101] 2021 n=13,Mage =9.2,Fe=6,M=7 1D Wi . _V1sual—motor . 12 sessions for 40 min Pilot study control, coordination, and
s console VR video game integration skills once a week ; .
visual perception.
n =145, Mage = 41.4 (42, 53, 50 Adaptive behaviors, Improvements in memory
Cheung et al. [102] 2022 for experimental, traditional D [mmersive VRG-like autonomy, self-efficacy, 10 sessions RCT span, flexible and )
and control groups, training attentiveness, and self-regulated behaviors, and
respectively), Fe = 65, M = 80 decision making independence
_ _ _ . ” Improved motor proficiency,
Wuang et al. [104] 2010 1 =155 (SOT = 53, exp = 52 Down VR using Wii Sensory-motor skills 24 weeks, 2 days/week RCT visual-integrative abilities, and
clt = 50) Syndrome gaming technology 1-h sessions . N .
sensory-integrative functions
. < n=16 VR using Nintendo Wii . . . Improved control over
Gomez Al-varez et al. 2018 (Exp=9,Clt=7), Down along with Wii Motor control skills 8 weeks, twice a week, Quasi-experimental postural and other
[105] Syndrome 20 min per session design

6-12 years old

balance board

motor operations
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Table A1. Cont.
Sample (Number, Age or VRG Design Target . Study .
Source Year Mean Age, Sex) Target Group Characteristics Abilities/Skills Duration Design Main Findings
Dyslexia (with/
. n =10, without .. . . . Better self-regulation
Pedroli et al. [106] 2017 Mage = 10.6, Fe =2, M = 8 dysgraphia and VR Wii-based game Attention skills 4 weeks Pilot study of attention
dyscalculia
Dyslexia, Virtual environment Language awareness 5 weeks, two times Greater understanding, as
Buele et al. [107] 2019 n =38, 8-12 years, Fe: 3, M =5 Y - . . nguag 4 . Preliminary study well as increased confidence
dysgraphia developed in Unity 3D skills per week, 30 min .
and interest
. Improved visuospatial
. . Reading accuracy, . .
Flores-Gallegos et al. n =11 (Hexp = 6, ngr = 5), Reading Virtual re_ahty comprehension, speed, 15 sessions, 30 min attention Skl.l Is, .
2021 P P games with an Oculus X A X RCT comprehension, improved
[108] Muge =7.9,Fe=4,M=7 disability X visual and auditory per session i
5 Rift headset . self-perception, and
attention R .
positive feelings
n=26 Gaming in a virtual :;];);l;;?g m:n;gz, visual 10 sessions Better math skills, reduced
Castro et al. [109] 2014 - Dyscalculia environment with asoning, sp - - RCT math phobia, positive attitude,
Mage =8 mathematical content visualization, and 60 min/session

recognition skills

autonomy, and self-motivation

ADHD: attention deficit/hyperactivity disorder, ASD: autism spectrum disorder, ID: intellectual disabilities, ToM: theory of mind, M,g: mean age, Fe: female, M: male, RCT: randomized
controlled Trial, CBT: cognitive behavioral Therapy, EEG: electroencephalography, Exp: experimental group, Clt: control group, and SOT: standard occupational therapy.
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Figure A1. ROB-2 “traffic light” plots of the domain-level judgements for each individual result.

Bias arising from the randomization process

Bias due to deviations from intended interventions
Bias due to missing outcome data

Bias in measurement of the outcome

Bias in selection of the reported result

Overall risk of bias

I

=)
S

25% 50% 75% 100%

| W owrisk [ someconcerns [l Hian risk |

Figure A2. ROB-2 weighted bar plots of the distribution of risk-of-bias judgements within each
bias domain.

Risk of bias domains

Study

0000000000000

0000000000000
000000000000

e e

000000 OOO®OS
L0 @ @ 0 0 0
..Qﬂ.@@@@...“

Domains: Judgement

D1: Bias due to confounding.

D2: Bias due to selection of participants. = Moderate

D3: Bias in classification of interventions. . Low

D4: Bias due to deviations from intended interventions.

D5: Bias due to missing data. . No information

D6: Bias in measurement of outcomes.
D7: Bias in selection of the reported result.

Figure A3. ROBINS-I “traffic light” plots of the domain-level judgements for each individual result.
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Figure A4. ROBINS-I weighted bar plots of the distribution of risk-of-bias judgements within each

bias domain.
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