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Abstract: This literature review presents a comprehensive and systematic account of research on the
experiences of children with extended reality (XR), including VR, AR, and other types of immersive
technologies that enhance and augment children’s activities. The search on Scopus and Web of Science
produced 531 outputs. Content analysis with inter-rater reliability (Krippendorff’s α) and Leximancer,
a software for text mining, were used for analyzing the material. Four research strands were identified:
(1) interventions, treatments, and medical procedures in clinical contexts; (2) teaching and learning
enhanced by XR; (3) children’s adoption and user experiences; (4) design and prototyping of XR
hardware and software for children. The results showed the following findings: (a) studies on
children’s clinical interventions and treatments using HMD-supported immersive virtual reality
comprise the most substantial strand of studies; (b) research in this area, and in teaching and learning
studies, has grown dramatically since 2017, while the other areas have been stagnant over the
years; (c) AR research is still limited and is mainly applied in educational contexts for design and
prototyping; (d) few studies have considered children’s perspectives on XR safety issues; (e) research
on the use of XR for enhancing social and emotional skills development is underrepresented. Future
research should focus on the potential of XR technologies for interventions to enhance children’s
psychosocial wellbeing and health more broadly. The further implications and study limitations for
the fast-developing nature of this transdisciplinary research field are also discussed.

Keywords: virtual reality; augmented reality; children; extended reality (XR); Leximancer; systematic
literature review

1. Introduction

The Cyborg—the augmentation of the human body through the integration of techno-
logical components—is a fictional creation epitomized in science fiction shows and novels
(e.g., Star Trek and William Gibson’s and Philip Dick’s works) that is increasingly becoming
a reality. The sight of people (including children) wearing technology monitoring their
bodily functions (smart watches, fitness trackers), recording their environments (action
cameras), or feeding inputs directly into sensory organs (headphones, smart glasses) has
become familiar (and in many cases, more frequent than those who do subject their bodies
to some form of technological augmentation). As envisioned by Donna Haraway [1], it
seems that the boundaries between the human and the machine, the physical and the
virtual, have progressively blurred. This has generated an embodiment of technologies in
humans’ bodies and lives more broadly and has altered human’s sensory perceptions as
well as the way in which they engage with their environments.

Alongside these physical and cognitive transformations, big tech companies have
competed to bring cutting-edge technologies to the market: after an announcement from
Meta in June 2023 that they were going to invest millions in the Metaverse, Apple released
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the Apple Vision Pro, a device which allows for the combination of physical, virtual,
and augmented reality. These changes, however, do not come without controversies: the
Metaverse, which is envisaged to allow us to move away from the Internet as a distinctly
separate space from our physical world, and virtual reality (VR), which is one of the
possible ways we will access the Metaverse, have reignited debates on privacy, safety, and
surveillance, especially when children are concerned [2–4]. In fact, the rapid development
and cost accessibility of immersive technologies as well as the fast scaling of VR products
in the gaming industry have made children the main target for the commercialization of
devices and programs for experiences in virtual environments [5,6].

Research on VR started more than forty decades ago and has evolved together with
hardware and software development (for an overview see [7–10]); however, it is only
in the last decade that studies started to investigate the opportunities and challenges
of immersive technologies for children’s cognitive and social–emotional development,
health, and wellbeing (e.g., [11–13]). There has been growing interest in the study and
application of VR for children’s clinical treatments, enhancement of learning skills, and
entertainment, as signaled by the recent literature reviews [14–19] and research reports
(e.g., [13,20]) that are available in each of these areas. However, an initial review of this fast-
growing transdisciplinary area of research (psychology, computer science, and education)
signals inconsistencies on the use of the terms and concepts in VR research: VR can
occasionally be confused with terms like “mixed reality” (MR), “augmented reality” (AR),
and “augmented virtuality” (AV), which are used differently in research and practice [21].
The use of the term ‘Extended Reality’ (XR) was recently proposed to refer to a more
open approach to different forms of immersive technologies that extend and modify the
perception of physical environment, to acknowledge the ‘unknown’ variable [22]. In this
sense, we concur with Raushnabel et al. [22] (p. 2) that ‘the extant literature is ripe for
reorganizing and reconceptualizing’ the studies on VR and other similar technologies
aimed at simulating, expanding, or modifying reality. Therefore, together with the need for
terminological clarifications, we wanted to provide a ‘reorganization’ of research strands
on VR involving children to identify research areas that require further development for a
better understanding children’s experiences with immersive technologies.

Informed by a research framework focused on children’s rights in the digital environ-
ments [23] and by a revisited ecological theory that acknowledges the centrality of both
physical contexts and virtual contexts in child development [24], the current literature re-
view aimed at providing an accurate and comprehensive account of the development of the
field researching children’s experiences with VR and related technologies. As suggested by
recent studies [22], in this paper, we used the term XR to refer to the range of technologies
that modify reality, i.e., the perceived physical environment (e.g., VR, AR, CAVE, etc.),
which are available in the market and used in research with samples of children. More
specifically, the goals that guided our analysis of the literature were as follows:

1. Identify specific research strands that have studied children’s experiences with XR
technologies.

2. Examine the different types of XR technologies (hardware and software) and their
applications across the different research strands.

3. For each strand, discuss new directions for future research with XR that involve
children (under 18 years of age) as research participants or stakeholders.

2. Method

We chose the scoping review method as a systematic and explorative approach to
search through and analyze the academic literature [25] and followed the general PRISMA
guidelines for systematic literature reviews [26,27]. Given the differences in epistemological
and methodological approaches adopted in the literature, as well as the great variety of
operationalization and phenomena relating to children’s experiences with XR, neither a
meta-analytic approach nor a confirmatory analysis of the material were appropriate [28–31].
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Instead, a detailed content analysis of the findings and the coding and categorization of the
pertinent literature is presented.

2.1. Keywords and Literature Search Terms

Based on an initial, unstructured search and a reading of the literature, we noted great
diversity used in terminologies both across and within scientific disciplines. Given the
scoping outlook of this review, we opted for a broad and inclusive set of search terms
to try and capture as many different types of children’s experiences with XR as possible.
Therefore, the key terms for the initial screening included references focused on children’s
samples (under 18 years of age) and referred to immersive/augmented/virtual reality
environments (see Table 1).

Table 1. Search terms and results of the literature search.

Search Terms Results

“AR” + child- 5170
“Virtual Reality” + child- 3493

“VR” + child- 1400
“Augmented reality” + child- 1210

immersive + child- 836
TOTAL 12,109

The literature search was conducted in July and August 2022 on Scopus and Web of
Science, which cover a broad range of the literature and complement each other well [32,33].
This resulted in an initial set of 12,109 papers.

2.2. Screening and Coding Process

The screening of the material was iterative rather than linear and was carried out
following the steps presented in Figure 1 below. First, titles and abstracts were screened and
duplications and records in any non-English language removed. Therefore, the material
was reduced to a set of original 6651 unique papers. Second, papers not focused on children
and VR/AR or mixed reality (MR) were excluded (n = 5710). Third, from the remaining
n = 941 papers, records not focused on immersive experiences were excluded (n = 330).
Fourth, 38 out of the remaining 611 records sought for retrieval could not be retrieved even
through the library service and our institutions. Therefore, 573 full texts were screened in
depth (full text) and 42 final records were excluded because of a lack of focus on immersive
technologies or children. Hence, 531 records were fully reviewed and analyzed using
content analysis. Two researchers worked independently throughout the screening process
and had repeated meetings to discuss and agree on the selection criteria and the final set of
records (see Supplementary Materials for the full list of papers).

2.3. Analysis of the Material

The analysis of the full-text records was conducted on a final corpus of 531 resources.
We used content analysis to categorize and quantify the material surveyed to provide
an overview of research strands on the topic of the review [34,35]. Once the records
were categorized, we proceeded to examine the different types of children’s immersive
experiences presented in the various papers. Data were double-coded independently by
the authors and the codes were then developed jointly over three interactions.

Following an initial review, we identified four groups of papers: Clinical Interventions,
Teaching and Learning, Adoption and User Experience, and Design and Prototyping (and one
‘other’ category, including relevant literature reviews). In a second independent round of
coding the papers, we find an inter-rater agreement of 96.7% using Krippendorff’s α. The
remaining disagreements were resolved in discussion in the final and third round.

Given the extensive number of resources and in order to provide further validity to
our content analysis, we used Leximancer, a software that uses an unsupervised machine
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learning algorithm for text mining to identify concepts, their frequencies, and their co-
occurrences with other concepts.

Figure 1. Prisma diagram on screening of the literature on children and XR.

3. Findings
3.1. Strands of Studies on Children and XR

An analysis of the year of publication of the identified resources provided evidence on
the rapid increase in studies over the last decade: since 2012, the number of studies has
gradually grown, with a significant curve starting from 2017 (Figure 2, Panel A).

Figure 2. Research interest in the topic from 1996 to 2021. (Panel A) presents combined figures and
(Panel B) presents figures across the four research strands.

Studies included immersive experiences for children across various stages of devel-
opment ranging from 2 to 18 years old. Roughly, 71.6% of studies carried out primary
empirical work with children; the rest of the studies worked theoretically or reviewed
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the literature. We observed a wide spread of age ranges that were included in studies,
suggesting that the development and use of XR applications are considered appropriate
for children at all ages. Figure 3 gives an overview of the percentages of studies including
each age group in the sample by children’s age; 58–70% of all studies included children
aged 8–12, respectively. This age group thus emerged as the most studied population when
it comes to children’s experiences with XR. It is important to note here that some studies
extended the definition of children slightly and included young adults over the age of 18,
often those who had developmental disorders or disabilities. Given the focus of our review,
we have not included those numbers in the overview of the results.

Figure 3. Percentage of studies including children in their sample by age group.

The analysis of the collected material allowed us to identify four categories of studies,
or research strands, which involved children (under 18 years of age) as participants or
stakeholders in the study: (1) interventions, treatments, and medical procedures in clinical
contexts; (2) teaching and learning enhanced by immersive technologies; (3) children’s
adoption (UX) and experiences with immersive technologies; (4) design and prototyping
of VR/AR/MR hardware and software for children. Interestingly, clinical interventions
studies have dramatically increased from 2017 (Figure 2, Panel B); they are followed by
teaching and learning studies, which have grown but to a much lesser extent; adoption and
user studies, together with design and prototyping, have been stagnant over the years.

Twenty-nine resources across the four research strands were literature reviews, the
majority of which (n = 24) pertained to the use of VR for medical procedures, treatments,
and interventions (category 1), and 17 were short papers published by R&D teams (e.g.,
educational start-ups) that tested the development of software and hardware products for
commercialization (category 4). The remaining resources (n = 485) were peer-reviewed, i.e.,
empirical research articles on XR and children. The distribution of these records across the
four strands is reported in Table 2. For each research strand, we also indicated the type of
immersive technology investigated.

More than half of the surveyed papers (n = 251) concerned research on XR for inter-
ventions, medical procedures, and treatments in clinical settings. One third of the studies
pertained to the teaching and learning of different skills in educational contexts using XR
(n = 153). Studies on children’s user experiences were n = 44, and the development and
testing of prototypes was reported in n = 37 papers.

When considering the type of hardware examined in the different articles (Figure 4),
HMDs emerged as the most frequently studied hardware across the different strands,
with most studies pertaining clinical contexts (n = 131). Similarly, CAVE provides fully
immersive experiences; on this technology, there were 29 articles for the clinical strand,
15 articles for the educational strand, 10 articles for design and prototyping, and 4 articles
for the adoption/user experience strand. Other research focused on VR supported by 2D
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screens: a slightly higher number of research studies were carried out in clinical settings
with clinical samples (n = 43) compared with research in educational contexts (n = 39). A
small number of studies focused on the use of AR, and, interestingly, they were mainly
concerned with teaching and learning processes (n = 15) and design and prototyping (n = 9).

Table 2. Research strands on children’s experiences in XR (n = 485).

Type of Technology Clinical Interventions Teaching and
Learning

Adoption and User
Experience

Design and
Prototyping

HMD 131 55 19 12
HMD vs. other tech or treatments 40 21 2 1

CAVE 29 15 10 4
Screen-based VR 43 38 9 9

AR 8 15 2 9
Virtual environment (projections) 0 9 2 2

Total 251 153 44 37

Figure 4. Overview of research strands and quantification of studies based on type of technology
considered in the studies.

3.2. Specific Topics and Concepts in Research on Children and XR

The Leximancer analysis resulted in 47 unique concepts and 12 distinctive themes
(note that themes are not mutually exclusive, and all papers related to multiple themes):
body, children, crossing, design, environment, intervention, learning, parents, patients,
risk, social, and VR. Unsurprisingly, the most dominant themes were as follows: VR,
with 31,870 occurrences across the literature; children, with 25,574 occurrences across the
literature; environment, with 17,807 occurrences across the literature.

Figure 5 shows the thematic map spatially outlining the relationship between themes.
As an example, the theme of environment is closely linked with VR and body; body connects
with learning; learning connects with design and social. This indicates a strand of studies
that considered aspects related to virtual environments, children’s bodily experiences,
learning, and social skills. Differently, themes less closely connected with VR and children’s
immersive and bodily experiences are found in research on risks, such as street crossing.

Thematic visual maps present similarities with the four categories we have identified
in the content analysis: the 12 distinctive themes can in fact be merged into content
categories pertaining to (a) clinical interventions (intervention, patients, risk); (2) education
and teaching and learning processes (crossing, learning, parents, social); (3) children’s
experiences (body, children, environment); and (4) design and prototyping (design, VR).
Therefore, Leximancer’s automated themes extraction approach supports the validity of
the content analysis (QCA) (Table 3).
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Figure 5. Thematic map resulting from the analysis with Leximancer.

Table 3. Correspondence between QCA and Leximancer analysis.

Themes Emerging from Content Analysis Leximancer Concepts

Clinical Interventions Intervention, patients, risk
Teaching and Learning Crossing, learning, parents, social

Adoption and User Experience Body, children, environment
Design and Prototyping Design, VR

Another important advantage of using Leximancer for literature reviews is the possi-
bility of rapidly acquiring information on the relationships between concepts that define
research themes. This provides more clarity about the content of the resources pertaining
to a particular topic (Figure 6).

Continuing with the example of the theme of ‘environment’ and the connection with
the other themes which fall in the broader category of teaching and learning (in red), we
can see the detail of the topics investigated across different papers: school, educational
games, learning/training, and skills. Several resources focused on using immersive tech-
nologies to enhance training for learning different school subjects, such as mathematics,
geometry, foreign languages, music, etc. [36–40], and for the development of psychosocial
skills, such as problem solving [41], safety, and protection, e.g., from fire [42,43] and road
traffic, with substantial research carried out on road crossing simulations [44–48]. One
paper only addressed Internet risks such as cyberbullying [49]. Other studies considered
learning processes in terms of collaborative learning in the virtual space [50,51], experiential
learning [52,53], and students’ motivation and engagement [54].

As for concepts pertaining to the most-represented category of studies, namely chil-
dren’s clinical interventions, the Leximancer analysis provided more details on the types of
treatments and the types of problems treated using XR, such as anxiety [55–57] and physical
pain [58–63]; additionally, there was research on the use of XR for distraction in preparation
for medical procedures, such as dentist surgeries [64,65], injections [66–69], or other painful
medical procedures, especially in children’s oncology [70–72]. Additionally, and unsurpris-
ingly, some of these papers focused on the treatment of perception and attention deficits
linked to pathologies such as Autism [73–77] and ADHD [78–80]. Immersive technologies
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proved to be particularly effective for the treatments of these clinical issues. Interestingly, a
recent article addressed the use of IVE for ADHD problems and risk behaviors, such as
street crossing (in blue, Figure 6) [81]. Lastly, a cluster of studies part of this stand focused
on rehabilitation procedures for cerebral palsy and similar neurological problems [82–84].

Figure 6. Conceptual map resulting from the analysis with Leximancer. Related concepts are
highlighted in the same color.

Information, movement, body, and work are topics found in research papers concerned
with the category of design and prototyping (light blue, Figure 6). These papers are
mainly scientific reports, conference proceedings, and short papers which illustrated the
development of immersive technologies software and hardware for children. The content
of these resources ranges from innovative wearable sensors for different parts of the body to
track children’s movements or cognitive functions [85–87] to different types of XR software
for educational (e.g., [88–91]) and entertainment purposes [92–94]. A substantial cluster of
studies in this category also concerned the development of IVE serious games for enhancing
children’s safety and protection [95–100] and physical skills, i.e., exergames [101–104]. One
study focused on developing social games comparing samples of children and adults [105].

The remaining concepts of immersion, presence, and experience correspond to the
category of adoption and user experience. Since the focus was on user’s perspectives,
these papers examined key features of XR such as the sense of presence [106,107] and
embodiment [108–110] that children felt while experiencing a virtual environment. Also,
attention was given to children’s physiological (e.g., sickness and nausea, posture) and
psychological (perception of distances and heights; sound, light, and colors; social cues,
comfort, and satisfaction, etc.) experiences of being fully immersed in a virtual space
that the brain treats as ‘real’ [111–117]. Two articles specifically investigated children’s
experience of safety with VR technology [77,118]. Attention was also given to the impact of
the virtual experience on physical space [119,120].

Lastly, Leximancer allowed us to identify a concept named ‘parents’ (in purple, Figure 6),
linked with children’s experiences with XR. A closer analysis of the full text showed that there
is no prevalence of these studies in one strand; instead, we found few resources distributed
across the four categories: clinical [121], user experience [122,123], prototyping [124], and
education [125]. These studies included samples of children and parents.
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4. Discussion

This systematic literature review has provided an accurate account of research material
concerned with XR and children under 18 years of age as study participants. Three research
goals guided the analysis of the material: (a) identify specific research strands on XR and
children; (b) examine which XR technologies were most represented in each strand and how
XR approaches were applied; (c) discuss new directions future research within each strand.
Results are discussed focusing first on the research interest on the topic and sampling
characteristics and methods, and then on the discussion of the four identified strands,
highlighting XR applications, gaps, and future directions for research.

The timeline of the publications is the first result that is worthy of notice: the analysis
of the literature showed a rapid growth of studies on XR with samples of children between
2016 and 2017. This result could be attributed to the release of the first Oculus Rift, and
to other HMDs becoming available in the consumer market at more affordable prices
around that time. Consistently, the possibility of having access to affordable equipment
together with the portability of HMD has prompted researchers to explore the applica-
tions of VR in different contexts such as hospitals, psychotherapy settings, homes, and
schools, thereby enabling easier access to children as subjects for research in their everyday
life environments.

The analysis of methods and sampling across the corpus of the surveyed papers al-
lowed us to show that most of the published works were empirical studies, with a minority
of conceptual papers and literature reviews. This suggests that researchers have included
XR in their research studies with children to test hypotheses, evaluate XR effectiveness,
and explore research topics concerned with XR in a range of child development domains
(learning processes, psychopathology, informal learning and entertainment, etc.). Ad-
ditionally, when considering the age range of participants, we observed that childhood
and early adolescence are the most studied developmental periods. This confirms that
XR can be useful to support different cognitive, social, and emotional functions during
childhood. This is also the age in which play is core to child development, and VR in par-
ticular allows children to have fantastic immersive experiences and engage with different
tasks (e.g., [49,54]). Future research could consider the application of this technology with
younger children (under 8 years of age) or with older adolescents (14–18 years of age). The
use of immersive technologies for gaming is well-established among adolescents (e.g., [6]);
however, XR could be considered to enhance social–emotional skills and self-efficacy [126]
in samples of older adolescents when peer groups processes become core to their identity
development and wellbeing.

4.1. Clinical Interventions and HMDs

Our results showed a dominant category of studies on the use of HMDs for immersive
virtual reality experiences used in clinical interventions with children. These studies ranged
from children’s perception of pain reduction to children’s immersion in simulators for
treatments of psychological [78,127] and neurological problems, e.g., cerebral palsy [82,84].
The advantages of using HMD for VR use in clinical settings have been demonstrated
with samples of adults also [128–130]. Therefore, the application of immersive VR in
clinical settings seems to emerge as a consolidated area of studies that applies to different
samples across the lifespan. These results suggest that future research with children
should continue to use immersive technologies for treating different types of physical and
behavioral problems. Pediatricians, in particular, can consider the use of VR to enhance the
effectiveness of their interventions; for instance, for distraction during painful procedures
and examinations or for modifying children’s habits such as eating or exercising, especially
for children with diabetes or weight issues. In other words, the affordability of HMDs
and the availability of educational games and health-related contents make immersive
technology a useful tool which can complement different types of medical interventions.

Our results also showed an overrepresentation of studies on XR for the treatment
of ASD and ADHD; meanwhile, other social–emotional problems, such as children’s
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depression and anxiety, seem to be still peripheral. A possible explanation of a paucity
of studies on XR and children’s social–emotional problems could be linked to the lack of
knowledge on the possible ‘side effects’ and the ethical implications of XR treatments. In
fact, if in adults’ samples anxiety and other psychological disorders have been effectively
treated using VR (e.g., [131,132]), research involving children might be limited because
of the amplifications of the emotional reactions triggered by VR treatments. This would
require careful consideration of the content to which children are exposed as well as the
ethical implications of the intervention protocols [20,133].

4.2. Teaching and Learning and AR

AR research is underrepresented compared with work that uses HMDs, and it is
mainly represented in the category of education, specifically in studies focused on teaching
and learning, and design and prototyping. As this technology often relies on apps that
can be installed on tablets and smartphones, it is easily accessible for conducting research
in various environments including schools. The strand of research in education seems
a promising and expanding area of research for harnessing the potential of immersion
for enhancing learning skills, in particular self-efficacy and students’ motivation and
engagement (e.g., [54]). Interestingly, we found several studies that addressed the use of
different types of XR for teaching road safety skills [44–48]. While this is a relevant safety
issue for children, very few studies considered other import risks, such as violence and
aggression, for which XR could be productively used to support the learning and further
development of appropriate social and emotional skills [49]. We suggest that researchers
and educators consider investigating these subjects further, especially when adolescents are
concerned: gender issues, discrimination, aggression, and violence continue to be important
challenges for youth in contemporary society. Programs that harness XR characteristics to
complement children’s skills’ development can motivate children and make them more
engaged with the content of their learning experience.

4.3. Adoption and User Experience

Despite user research (UX) becoming an integral part of technological development,
few papers seem to reach the scientific community through a peer-review process (n = 44
compared with clinical interventions, n = 251, and teaching and learning, n = 153). For
this strand of studies, as well as for design and prototyping (see next paragraph), we
found a prevalence of conference papers. Few resources considered children’s adoption
and use of XR technologies; these studies focused on physiological and psychological
reactions related to immersion, sense of presence and embodiment, e.g., sickness and
perceptions of distances, lights, etc. [106,110,111,117], and, to a lesser extent, children’s
safety issues around the use of technologies [18,77]. The hardware per se does not seem
to be problematic for children (whereas it appears to be more problematic for adults in
terms of experiencing motion-sickness); it is rather the content and how technologies are
used that can cause concern in terms of risks and safety. Interestingly, we could only
find two studies that explored risks from a UX perspective [77,118] and no resources that
explored children’s positive and negative experiences through in-depth qualitative and
observational investigations of practices, opinions, and concerns.

4.4. Design and Prototyping: The Challenge of Commercialization

Studies on XR design and prototyping represent the minority of the surveyed studies
(n = 37). There is no prevalence on the type of technology investigated. Together with
studies on UX, they have not expanded over ten years (Figure 2, Panel B) and seem to be
confined to a niche of research which is carried out alongside ‘traditional’ academic work.
One potential explanation for the observed trend, namely the lack of resources despite
the rapid growth of the sector and the technological developments, is that this research
is concerned with commercially sensitive information, and that software and hardware
development is in most cases financed by private companies. In this sense, children’s
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experiences remain in the realm of commercial sensitivity that is protected by patents,
thereby leaving an important gap in the advancement of knowledge in this area. This is
unfortunate as children, teachers, and parents, as well as practitioners, could benefit from
knowing the pros and cons of experiences of immersion in a virtual environment.

5. Conclusions and Study Limitations

To the best of our knowledge, this is the first study that ‘maps’ a transdisciplinary
field of inquiry to identify gaps and suggest future directions for research. We show that
research on XR and children has substantially increased since 2017; the availability and
affordability of hardware and software for immersive experiences have contributed to this
trend. With most of the studies focused on children in their middle childhood (8–12 years of
age), with an overrepresentation of empirical research studies on interventions, treatments,
and medical procedures in clinical contexts using VR, this comprehensive literature review
can provide a useful contribution to re-orient future research with children and XR. It can
also provide clinical practitioners working with children with a snapshot on the state of
the art in XR research and access to useful applications of these emerging technologies in
clinical contexts.

This literature review has some limitations. Firstly, due to the number of resources
and the transdisciplinary nature of the contribution, we did not provide an in-depth
qualitative analysis of each strand of studies. Since the aim of this paper was to provide a
snapshot of research trends on XR and children across different disciplines, we suggest that
readers consider every category or strand as a small-scale literature review in a specific area
concerned with XR and children. In fact, we encourage researchers to build upon the four
strands and to dive deeper into the different areas we highlighted. We trust every strand
will continue to grow in the future, perhaps at a different pace to that shown by our figures.

Secondly, given the large number of sources that were identified and the time it took
to engage in the analysis of this work, as well as the incredible pace at which innovation
occurs in the field of XR research and development, this review is already out of date by
default at the time it is published. Therefore, we advise researchers to take our conclusions
not as definitive statements, but rather as ‘orientations’ that can contribute to making more
informed decisions when approaching such a complex field. For instance, researchers
could screen the literature starting from 2021 and focus on one of the four research stands;
meanwhile, clinical practitioners, interested in innovating their practice using XR technolo-
gies, can find important resources on how to reduce pain perception using HMD. More
specifically, the four strands we have identified and the references reported in this review
can orient pediatricians and other healthcare professionals to identify authors who have
written and worked on specific XR procedures and check whether those authors have
carried out more recent work and contact them directly. In order words, the reorganization
of this substantial material on XR and children can allow readers to access information more
easily a more quickly and build upon the strands to start or continue their investigations in
this field.

Moreover, since many insights in this field constitute intellectual property protected as
trade secrets, it is reasonable to assume that a large amount of knowledge that is available
in principle cannot be easily or systematically assessed. The consultation of the ‘grey
literature’, such as research reports, can be an option for overcoming this limitation. Some
tech companies allow access to their research findings, especially when partnering with
public research institutions. However, this puts into perspective the challenges associated
with the fast-paced, industrial development of technology for commercial exploitation,
and the potential societal effects experienced by users, in this case children, and raises the
following question: how can we best protect and support the interests of users? Hopefully,
we will be able to see more research on children’s perspective on the Metaverse and
their experiences in immersive environments not only in terms of comfort/discomfort,
satisfaction/dissatisfaction, or any other physiological indicators, but also work that treats
children as co-creators of technologies that can better respond to their rights to learning,
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entertainment, healthcare, etc. If the Cyborgs are already among us, or we all already are
Cyborgs in some ways, it will be important to grow savvier to better understand how to
educate our children to best interact and possibly harness the potential of technologies that,
already, have become integrated and embodied in our lives.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/children11080984/s1, Table.

Author Contributions: Conceptualization, M.E. and M.H.; methodology, M.E. and M.H.; software,
M.E. and M.H; validation, M.E. and M.H.; formal analysis M.E. and M.H.; investigation, M.E. and
M.H.; resources, M.E. and M.H.; data curation, M.E. and M.H.; writing—original draft preparation,
M.E. and M.H.; writing—review and editing, M.E. and M.H.; visualization, M.E. and M.H.; supervi-
sion, M.E. and M.H.; project administration, M.E. and M.H.; funding acquisition, M.E. and M.H. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: The original contributions presented in the study are included in the
Supplementary Materials, further inquiries can be directed to the corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Haraway, D.J. Siminas, Cyborgs, and Women: The Reinventation of Nature; Routledge: New York, NY, USA, 1991.
2. Buck, L.; McDonnell, R. Security and privacy in the metaverse: The threat of the digital human. In Proceedings of the CHI EA

Novel Challenges of Safety, Security, and Privacy, in Extended Reality, New Orleans, LA, USA, 29 April–5 May 2022.
3. Phippen, A. Protecting Children in the Metaverse: It’s Easy to Blame Big Tech, But We All Have a Role to Play. Parenting for a

Digital Future. 2022. Available online: https://blogs.lse.ac.uk/parenting4digitalfuture/2022/03/23/metaverse/2022 (accessed
on 5 May 2022).

4. Wang, Y.; Su, Z.; Zhang, N.; Xing, R.; Liu, D.; Luan, T.H.; Shen, X. A survey on metaverse: Fundamentals, security, and privacy.
IEEE Commun. Surv. Tutor. 2022, 25, 319–352. [CrossRef]

5. Halldorsson, B.; Hill, C.; Waite, P.; Partridge, K.; Freeman, D.; Creswell, C. Annual research review: Immersive virtual reality and
digital applied gaming interventions for the treatment of mental health problems in children and young people: The need for
rigorous treatment development and clinical evaluation. J. Child Psychol. Psychiatry 2021, 62, 584–605. [CrossRef] [PubMed]

6. Pallavicini, F.; Pepe, A.; Mantovani, F. Commercial off-the-shelf video games for reducing stress and anxiety: Systematic review.
JMIR Ment. Health 2021, 8, e28150. [CrossRef] [PubMed]

7. Bailsenson, J. Experience on Demand: What Virtual Reality, How It Works, and What It Can Do; Norton & Company: New York, NY,
USA, 2018.

8. Hall, L.; Paracha, S.; Mitsche, N.; Flint, T.; Stewart, F.; MacFarlane, K.; Hagan-Green, G.; Dixon-Todd, Y. When will immersive
virtual reality have its day? Challenges to IVR adoption in the home as exposed in studies with teenagers, parents, and experts.
Presence 2019, 28, 169–201. [CrossRef]

9. Lanier, J. Dawn of the New Everything: A Journey through Virtual Reality; Henry Holt and Company: New York, NY, USA, 2017.
10. LaValle, S.M. Virtual Reality; Cambridge University Press: Cambridge, MA, USA, 2023.
11. Bailey, J.O.; Bailenson, J.N. Considering virtual reality in children’s lives. J. Child. Media 2017, 11, 107–113. [CrossRef]
12. Bailey, J.O.; Bailenson, J.N. Immersive virtual reality and the developing child. In Cognitive Development in Digital Contexts; Brooks,

P., Blumberg, F., Eds.; Elsevier: San Diego, CA, USA, 2017; pp. 181–200.
13. Yamada-Rice, D.; Dare, E.; Main, A.; Potter, J.; Ando, A.; Miyoshi, K.; Narumi, T.; Beshani, S.; Clark, A.; Duszenko, I.; et al.

Location-Based Virtual Reality Experiences for Children: Japan-UK Knowledge Exchange Network: Final Project Report 2020.
Available online: https://ukjapanvr.wordpress.com/2020/06/13/final-project-report/ (accessed on 26 August 2021).

14. Czech, O.; Rutkowski, S.; Kowaluk, A.; Kiper, P.; Malicka, I. Virtual reality in chemotherapy support for the treatment of physical
functions, fear, and quality of life in pediatric cancer patients: A systematic review and meta-analysis. Front. Public Health 2023,
11, 1039720. [CrossRef] [PubMed]

15. Ridout, B.; Kelson, J.; Campbell, A.; Steinbeck, K. Effectiveness of virtual reality interventions for adolescent patients in hospital
settings: Systematic review. J. Med. Internet Res. 2021, 23, e24967. [CrossRef] [PubMed]

16. Romero-Ayuso, D.; Toledano-González, A.; Rodríguez-Martínez, M.d.C.; Arroyo-Castillo, P.; Triviño-Juárez, J.M.; González,
P.; Ariza-Vega, P.; González, A.D.P.; Segura-Fragoso, A. Effectiveness of virtual reality-based interventions for children and
adolescents with ADHD: A systematic review and meta-analysis. Children 2021, 8, 70. [CrossRef] [PubMed]

17. Scavarelli, A.; Arya, A.; Teather, R.J. Virtual reality and augmented reality in social learning spaces: A literature review. Virtual
Real. 2021, 25, 257–277. [CrossRef]

https://www.mdpi.com/article/10.3390/children11080984/s1
https://blogs.lse.ac.uk/parenting4digitalfuture/2022/03/23/metaverse/2022
https://doi.org/10.1109/COMST.2022.3202047
https://doi.org/10.1111/jcpp.13400
https://www.ncbi.nlm.nih.gov/pubmed/33655534
https://doi.org/10.2196/28150
https://www.ncbi.nlm.nih.gov/pubmed/34398795
https://doi.org/10.1162/pres_a_00347
https://doi.org/10.1080/17482798.2016.1268779
https://ukjapanvr.wordpress.com/2020/06/13/final-project-report/
https://doi.org/10.3389/fpubh.2023.1039720
https://www.ncbi.nlm.nih.gov/pubmed/37124795
https://doi.org/10.2196/24967
https://www.ncbi.nlm.nih.gov/pubmed/34185015
https://doi.org/10.3390/children8020070
https://www.ncbi.nlm.nih.gov/pubmed/33494272
https://doi.org/10.1007/s10055-020-00444-8


Children 2024, 11, 984 13 of 17

18. Hamilton, D.; McKechnie, J.; Edgerton, E.; Wilson, C. Immersive virtual reality as a pedagogical tool in education: A systematic
literature review of quantitative learning outcomes and experimental design. JCE 2021, 8, 1–32. [CrossRef]

19. Wang, A.I. Systematic literature review on health effects of playing Pokémon Go. Entertain. Comput. 2021, 38, 100411. [CrossRef]
20. Everri, M. Evaluation of the Side Effects of Virtual Technologies on Young People’s Bodies and Minds to Create an Innovative

Solution to a Nascent Problem. 2019. Available online: https://cordis.europa.eu/article/id/386859-virtual-reality-helps-keep-
children-safe-online (accessed on 9 January 2021).

21. Farshid, M.; Paschen, J.; Eriksson, T.; Kietzmann, J. Go boldly!: Explore augmented reality (AR), virtual reality (VR), and mixed
reality (MR) for business. Bus. Horiz. 2018, 61, 657–663. [CrossRef]

22. Rauschnabel, P.A.; Felix, R.; Hinsch, C.; Shahab, H.; Alt, F. What is XR? Towards a framework for augmented and virtual reality.
Comput. Hum. Behav. 2022, 133, 107289. [CrossRef]

23. Livingstone, S.; Bulger, M. A global research agenda for children’s rights in the digital age. J. Child. Media 2014, 8, 317–335.
[CrossRef]

24. Navarro, J.L.; Tudge, J.R. Technologizing Bronfenbrenner: Neo-ecological theory. Curr. Psychol. 2023, 42, 19338–19354. [CrossRef]
[PubMed]

25. Munn, Z.; Peters, M.D.; Stern, C.; Tufanaru, C.; McArthur, A.; Aromataris, E. Systematic review or scoping review? Guidance for
authors when choosing between a systematic or scoping review approach. BMC Med. Res. Methodol. 2018, 18, 143. [CrossRef]
[PubMed]

26. Moher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G.; PRISMA Group. Preferred reporting items for systematic reviews and
meta-analyses: The PRISMA statement. Ann. Intern. Med. 2009, 151, 264–269. [CrossRef]

27. Okoli, C. A guide to conducting a standalone systematic literature review. CAIS 2015, 37, hal-01574600. [CrossRef]
28. Anderson, S.; Allen, P.; Peckham, S.; Goodwin, N. Asking the right questions: Scoping studies in the commissioning of research

on the organisation and delivery of health services. Health Res. Policy Sy. 2008, 6, 7. [CrossRef]
29. Arksey, H.; O’Malley, L. Scoping studies: Towards a methodological framework. Int. J. Soc. Res. Methodol. 2005, 8, 19–32.

[CrossRef]
30. Armstrong, R.; Hall, B.J.; Doyle, J.; Waters, E. ‘Scoping the scope’ of a cochrane review. J. Public Health 2011, 33, 147–150. [CrossRef]

[PubMed]
31. Levac, D.; Colquhoun, H.; O’Brien, K.K. Scoping studies: Advancing the methodology. Implement. Sci. 2010, 5, 69. [CrossRef]

[PubMed]
32. Chadegani, A.A.; Salehi, H.; Yunus, M.M.; Farhadi, H.; Fooladi, M.; Farhadi, M.; Ebrahim, N.A. A comparison between two main

academic literature collections. Asian Soc. Sci. 2013, 9. [CrossRef]
33. Mongeon, P.; Paul-Hus, A. The journal coverage of Web of Science and Scopus: A comparative analysis. Scientometrics 2016, 106,

213–228. [CrossRef]
34. Mayring, P. Qualitative content analysis: Theoretical background and procedures. In Approaches to Qualitative Research in

Mathematics Education. Advances in Mathematics Education; Bikner-Ahsbahs, A., Knipping, C., Presmeg, N., Eds.; Springer:
Dordrecht, The Netherlands, 2015. [CrossRef]

35. Schreier, M. Qualitative content analysis. In The SAGE Handbook of Qualitative Data Analysis; Flick, I.U., Ed.; SAGE Publications
Ltd.: London, UK, 2014; pp. 170–183. [CrossRef]

36. Araiza-Alba, P.; Keane, T.; Kaufman, J. Are we ready for virtual reality in K–12 classrooms? Technol. Pedagog. Educ. 2022, 31,
471–491. [CrossRef]

37. Adamo-Villani, N.; Carpenter, E.; Arns, L. An immersive virtual environment for learning sign language mathematics. In
Proceedings of the IMMERSCOM07: First International Conference on Immersive Telecommunications & Workshops, Bussolengo,
Verona, Italy, 10–12 October 2006.

38. Radu, I.; Doherty, E.; DiQuollo, K.; McCarthy, B.; Tiu, M. Cyberchase shape quest: Pushing geometry education boundaries with
augmented reality. In Proceedings of the 14th International Conference on Interaction Design and Children, Medford, MA, USA,
21–24 June 2015; pp. 430–433.

39. Goldman, A.; Chen, M. Pirate Island: An immersion-style language-learning RPG. In Proceedings of the 12th International
Conference on Interaction Design and Children, New York, NY, USA, 24–27 June 2013; pp. 404–407.

40. Degli Innocenti, E.; Geronazzo, M.; Vescovi, D.; Nordahl, R.; Serafin, S.; Ludovico, L.A.; Avanzini, F. Mobile virtual reality for
musical genre learning in primary education. Comput. Educ. 2019, 139, 102–117. [CrossRef]

41. Araiza-Alba, P.; Keane, T.; Chen, W.S.; Kaufman, J. Immersive virtual reality as a tool to learn problem-solving skills. Comput.
Educ. 2021, 164, 104–121. [CrossRef]

42. Smith, S.; Ericson, E. Using immersive game-based virtual reality to teach fire-safety skills to children. Virtual Real. 2009, 13, 87–99.
[CrossRef]

43. Tarkkanen, K.; Lehto, A.; Oliva, D.; Somerkoski, B.; Haavisto, T.; Luimula, M. Research study design for teaching and testing fire
safety skills with AR and VR games. In Proceedings of the 11th IEEE International Conference on Cognitive Infocommunications
(CogInfoCom), Mariehamn, Finland, 23–25 September 2020; pp. 000167–000172.

44. Corbett, M.R.; Morrongiello, B.A. Examining how different measurement approaches impact safety outcomes in child pedestrian
research: Implications for research and prevention. Accid. Anal. Prev. 2017, 106, 297–304. [CrossRef] [PubMed]

https://doi.org/10.1007/s40692-020-00169-2
https://doi.org/10.1016/j.entcom.2021.100411
https://cordis.europa.eu/article/id/386859-virtual-reality-helps-keep-children-safe-online
https://cordis.europa.eu/article/id/386859-virtual-reality-helps-keep-children-safe-online
https://doi.org/10.1016/j.bushor.2018.05.009
https://doi.org/10.1016/j.chb.2022.107289
https://doi.org/10.1080/17482798.2014.961496
https://doi.org/10.1007/s12144-022-02738-3
https://www.ncbi.nlm.nih.gov/pubmed/35095241
https://doi.org/10.1186/s12874-018-0611-x
https://www.ncbi.nlm.nih.gov/pubmed/30453902
https://doi.org/10.7326/0003-4819-151-4-200908180-00135
https://doi.org/10.17705/1CAIS.03743
https://doi.org/10.1186/1478-4505-6-7
https://doi.org/10.1080/1364557032000119616
https://doi.org/10.1093/pubmed/fdr015
https://www.ncbi.nlm.nih.gov/pubmed/21345890
https://doi.org/10.1186/1748-5908-5-69
https://www.ncbi.nlm.nih.gov/pubmed/20854677
https://doi.org/10.5539/ass.v9n5p18
https://doi.org/10.1007/s11192-015-1765-5
https://doi.org/10.1007/978-94-017-9181-6_13
https://doi.org/10.4135/9781446282243.n12
https://doi.org/10.1080/1475939X.2022.2033307
https://doi.org/10.1016/j.compedu.2019.04.010
https://doi.org/10.1016/j.compedu.2020.104121
https://doi.org/10.1007/s10055-009-0113-6
https://doi.org/10.1016/j.aap.2017.06.002
https://www.ncbi.nlm.nih.gov/pubmed/28667894


Children 2024, 11, 984 14 of 17

45. Feng, Q.; Li, G.; Yang, T.; Luo, H. Exploring the Potential of Virtual Reality for Child Pedestrian Safety Training: A Case Study in
China. In Proceedings of the International Symposium on Educational Technology (ISET), Bangkok, Thailand, 24–27 August 2020;
pp. 83–87.

46. Plumert, J.M.; Kearney, J.K.; Cremer, J.F. Children’s road crossing: A window into perceptual–motor development. Curr. Dir.
Psychol. Sci. 2007, 16, 255–258. [CrossRef]

47. Schwebel, D.C.; Combs, T.; Rodriguez, D.; Severson, J.; Sisiopiku, V. Community-based pedestrian safety training in virtual
reality: A pragmatic trial. Accid. Anal. Prev. 2016, 86, 9–15. [CrossRef] [PubMed]

48. Schwebel, D.C.; Severson, J.; He, Y.; McClure, L. Virtual reality by mobile smartphone: Improving child pedestrian safety. Inj.
Prev. 2017, 23, 357. [CrossRef] [PubMed]

49. Enz, S.; Zoll, C.; Vannini, N.; Schneider, W.; Hall, L.; Paiva, A. Motional Learning in Primary Schools: FearNot! An Anti-bullying
Intervention Based on Virtual Role-play with Intelligent Synthetic Characters. EJEL 2008, 6, 131–138.

50. Economou, D.; Mitchell, W.L.; Boyle, T. Requirements elicitation for virtual actors in collaborative learning environments. Comput.
Educ. 2000, 34, 225–239. [CrossRef]

51. Tokuoka, M.; Komiya, N.; Mizoguchi, H.; Egusa, R.; Inagaki, S.; Kusunoki, F. Application of 3D Range Image Sensor to Body
Movement Detection: Supporting Children’s Collaborative Learning in Museums. In Proceedings of the 12th International
Conference on Sensing Technology (ICST), Limerick, Ireland, 4–6 December 2018; pp. 394–398.
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