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Abstract

Virtual reality technologies (VRTs) are high-tech human—computer interfaces used to develop digital content and can be
applied to multiple different areas, often offering innovative solutions to existing problems. A wide range of digital games is
being also developed with VRTs and together with their components, the games’ structural elements are appealing to children
and engaging them more in virtual worlds. Our research interest is directed towards children’s development and the effects
of VRTs within gaming environments. Contemporary psychology studies perceive human development as a holistic and
lifelong process with important interrelationships between physical, mental, social and emotional aspects. For the objectives
and scope of this work, we examine children development across three domains: physical, cognitive and psychosocial. In
this context, the authors review the literature on the impact of VRTs on children, in terms of software and hardware. Since
research requires an wide-ranging approach, we study the evidence reported on the brain and neural structure, knowledge,
behaviour, pedagogy, academic performance, and wellness. Our main concern is to outline the emerging ethical issues and
worries of parents, educators, ophthalmologists, neurologists, psychologists, paediatricians and all relevant scientists, as well
as the industry’s views and actions. The systematic review was performed on the databases Scopus, IEEE Xplore, PubMed,
and Google Scholar from 2010 to 2020 and 85 studies were selected. The review concluded that findings remain contradic-
tory especially for the psychosocial domain. Official recommendations from organizations and well-documented researches
by academics on child well-being are reassuring if health and safety specifications and particularly the time limit are met.
Research is still ongoing, constantly updated and consist of a priority for the scientific community given that technology
evolves.
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1 Introduction term was first used in the 60 s by Heilig (Freina and Ott

2015). Sensorama Simulator System and Telesphere Mask,

Virtual reality (VR) is an immersive technology whose roots
date back to the nineteenth century when the first 360-degree
art through panoramic murals began to appear, though the
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possibly the first head-mounted display, were designed by
Heilig (1960, 1962), which involved multiple senses to cre-
ate an immersive VR space while providing a pedagogical
dimension. Sensorama Simulator System produced a com-
plete illusion through the multisensory experience. One of
the applications made especially for Sensorama, involved the
experience of riding a motorcycle through 3D, colour film,
combined with directional sound, aromas, wind and vibra-
tions (Ijsselsteijn 2005; Freina and Ott 2015). However, the
term VR was coined by Jaron Lanier in 1986 (Lanier and
Biocca 1992; Heim 1998). In short, virtual reality technolo-
gies (VRTs) can be defined as high-tech human—computer
interfaces which include real-world simulation and interac-
tions through multiple sensory channels, prompting users
to interact with virtual objects in a way that resembles the
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way they would interact in real life (Freina and Ott 2015).
Along with VR, literature also includes the term “virtual
environments” (VEs). The unique features of VEs that raise
academic debates about VR impact on humans are usually
referred to as the “three I's”: (1) immersion, (2) interac-
tivity, and (3) information intensity (Heim 1998). Burdea
and Coiffet (2003) suggested another dimension of “I”, the
imagination, which relates to the users’ aptitude to perceive
non-existent things and their willingness to believe that they
find themselves in a VE, even when they know that are in
a different natural environment. Freina and Ott (2015) also
indicated the user involvement with the environment and
narrative, as one of the key principles of VEs. Two types
of VEs are indicated, the non-immersive and the immersive
(Freina and Ott 2015). The first type describes the simula-
tion environment, employing a desktop computer. Though
desktop computer-based VEs are considered to be non-
immersive, in fact, are defined as desktop semi-immersive
VEs (Fowler 2015). The second type of immersion related to
the feeling and perception of being physically present in the
non-physical world, using special equipment and portable
smart devices (PSDs), (e.g. smartphones and tablets, Google
Lens, leap motion, and wearables such as head-mounted dis-
plays (HMDs), gloves, smartwatches, glasses, clothes, and
fabrics). Specially designed HMDs include Facebook’s Ocu-
lus Rift, Google Cardboard, Nintendo Labo VR Kit, Sony
Playstation VR, HTC Vive and Samsung Gear VR (Sobel
2019).

As the goal of VE is to place users in a 3D environment
and give them the feeling of belonging to a space that looks
authentic, the most important features of such artificial envi-
ronments are the sense of presence and immersion. Although
initially there was a tendency to use these terms interchange-
ably, presence is a state of consciousness, that is the psycho-
logical sense of being in a virtual environment while immer-
sion is an objective description of what a particular system
provides (Slater et al. 1995). According to Lee (2004, p. 27)
presence is defined as “a psychological state in which virtual
objects are experienced as actual objects in either sensory
or nonsensory ways”. On the other hand, immersion is an
objective characteristic of the technology which relies on
the technical capabilities of a VR system to produce sensory
fidelity that leads to a sense of presence (Dalgarno and Lee
2010). In other words, in a VRE presence and immersion
are interrelated as they both involve a psychological compo-
nent, i.e. presence is the subjective response to an objective
immersion level (Lombard and Ditton 1997; Slater 2003).

In terms of pedagogy, three features underpin the
quality of a VE: (1) representational fidelity, (2) learner
interaction and (3) avatar that constitutes the identity con-
struction. Representational fidelity refers to the quality of
the display to provide high realism, the smooth display of
view changes and object motion, the consistency of object
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behaviour, the quality of the user representation within
the 3D virtual learning environments (VLEs), the spa-
tial audio, the kinaesthetic, and the tactile force feedback
(Dalgarno and Lee 2010; Fowler 2015). Interaction is the
dynamic concept resulting from the embodiment experi-
ence (actions, verbal and non-verbal communication, con-
trol of environment attributes, construction of objects, and
behaviours) by the user. The third feature that is usually
embedded into the VE, but not necessarily in all VEs, is
the avatar, which is the user’s representation. The avatar
can communicate, express emotions, create objects, and
generally act following the user’s instructions.

VRTs cover a wide range of interventions such as mili-
tary, healthcare, marketing, entertainment, gaming, busi-
ness, and education with highly promising learning out-
comes. Numerous digital games are developed with VRTs.
Along with VRTs components (i.e. immersion, intensity,
presence, involvement, imagination, interactivity), games
draw together powerful structural elements, (i.e. rules,
goals and objectives, feedback, challenges, interaction
and story) providing fun, enjoyment, pleasure, intense and
passionate involvement, and finally engagement (Prensky
2007). VRTs components and games’ structural elements
engage children and involve them even more in the virtual
worlds.

Children’s engagement with immersive technologies is
constantly increasing in all parts of the world. Day by day
it turns out that innovative applications are effective in
treating and improving children daily living skills with
or without disabilities. Given that nowadays PSDs are
affordable and accessible to a large part of the population,
technology could facilitate equitable access, participation
and inclusion for children. Currently, due to the COVID-
19 pandemic and consequently social distancing, thanks
to networking, children can engage in activities that they
could not otherwise do, and communicate, collaborate
and co-create with their classmates. Through immersive
learning environments, children have access to the outside
world and interact with people and objects, even if they
remain in the classroom or at home.

Health, safety and ethical concerns arising from VR use
by children reveal an interdisciplinary research field, that
examines issues from many different perspectives as VRTs
extend to game production usually employing specialized
hardware, e.g. HMDs, gloves and/or small screens, e.g.
smartphones and tablets and often demand internet con-
nectivity. Indicatively, Behr et al. (2005), Young (2009),
Kade (2015), Madary and Metzinger (2016), Bailey and
Bailenson (2017), Kenwright (2018), and Parsons (2019)
explored the effect of VRTs and provided evidence of
their impact, such as cybersickness, cognition, confusion
between real and virtual worlds, addiction, etc.
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Our research interest is directed towards children’s devel-
opment and the effects of VRTs within gaming environ-
ments. Contemporary psychology studies perceive human
development as a holistic and lifelong process with impor-
tant interrelationships between physical, mental, social, and
emotional aspects (Shaffer and Kipp 2014; Spielman et al.
2020) (Fig. 1).

Studying the impact of VRTs especially on children,
both those with special educational needs and their typi-
cally developing peers, demands a wide-ranging approach,
considering the evidence on the brain and neural structure,
knowledge, behaviour, pedagogy, academic performance,
and wellness.

The purpose of this systematic review is to mapping the
field of the emerging ethical issues and worries of parents,
educators, ophthalmologists, neurologists, psychologists,
paediatricians and all relevant scientists, as well as the
industry’s views and actions. The literature review process
involved the examination of longitudinal and experimental
studies related to VRTs and games, including search terms
and keywords, databases, and explicit inclusion criteria.
Therefore, our search strategy was realized with a combina-
tion of terms and keywords for VRTs and games, children,
and developmental domains. Research findings on the effects
of VRTs and gaming remain contradictory. On the one hand,
studies are proving the positive impact on cognitive, moti-
vational, emotional, social development, and enhancement
of both learning and training tasks (Shaffer et al. 2005; Van
Eck 2006; Gee 2008; Dalgarno and Lee 2010; Granic et al.
2014; Fowler 2015; Passig et al. 2016; Palaus et al. 2017,
Molina-Carmona et al. 2018; Kaimara and Deliyannis 2019;

Holistic and lifelong human development process

Fig. 1 Holistic and lifelong human development process

Mayer 2019; Makransky et al. 2019; Checa and Bustillo
2020; Kaimara et al. 2020b; Chang et al. 2020; Pallavicini
and Pepe 2020) while other researchers argued that VR and
games have the potential to elicit strong negative emotional
consequences (Lavoie et al. 2020), could lead to distraction
or even addiction, sleep patterns disruption, cardio-meta-
bolic deficiencies, obesity, etc. (Calvert et al. 2013; Tate
et al. 2013; Turel et al. 2016; Thierer and Camp 2017; Fuller
et al. 2017; Kenney and Gortmaker 2017; Turel et al. 2017).
Therefore, beyond the potential positive impact of VLEs and
games, the study is directed to the claims about their pos-
sible negative effects on children’s overall development due
to software and specialized devices and screens (Madary and
Metzinger 2016; Boyle et al. 2016; National Academies of
Sciences Engineering and Medicine 2018; UK Department
for Business Energy & Industrial Strategy 2020).

Given the following considerations: (1) VR is a cutting-
edge technology that has been evolving rapidly in recent
years and is often combined with other emerging technolo-
gies applied in many areas of daily life, (2) a wide range
of longitudinal impact studies is not yet matured enough
to afford data for any secure conclusions, and (3) contem-
porary psychology perceives child development, not as a
fragmentary but as a holistic process, it is essential to pro-
vide an overview of the concerns regarding the effect of VR
use on overall children’s development. For the scope and
objectives of the current systematic review, it was decided
to identify relevant studies to this particular subject across
three developmental domains (i.e. physical, cognitive, and
psychosocial), underlining that one domain has significant
interconnections with others (Shaffer and Kipp 2014; Sobel
2019; Spielman et al. 2020). Within this context, the sys-
tematic review seeks to increase the literature on concerns
regarding the impact of VRTs on children development by
answering a primary research question followed by three
sub-questions.

1.1 Overarching question

RQ1 In which domains of child development are the
potential risks of virtual reality (software and hardware)
identified?

1.2 Sub-questions

RQ1a Which are the most frequently identified con-

cerns when children use virtual reality for their physical
development?
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RQ1b Which are the most frequently identified con-
cerns when children use virtual reality for their cognitive
development?

RQ1c Which are the most frequently identified concerns
when children use virtual reality for their psychosocial
development?

2 Methodology
2.1 Study design

The authors decided to explore the ethical issues that may
arise in connection with VR effects on children, driven by (1)
their personal ethics as they design and develop educational
applications with virtual and augmented reality addressed
to special educational needs students and their typically
developing peers in inclusive settings and (2) the pervasive
negative reactions to educational technology innovations,
which are flooding the Internet and being promoted by a
portion of media and social networking, influencing public
opinion. We first looked for official reports from medical
and psychological associations and universal organizations
to determine the extent of the issue and scientific research
directions. We then recorded the most frequently reported
concerns and found that they extend to all three aspects of
child development. Thus, both the primary research ques-
tion and its analysis into the three sub-questions emerged.
It was decided that only with a systematic literature review
we could map the field, identify research trends and reach
safe conclusions. We estimated that we should include
research articles and other systematic reviews, as the aim
of this review was not to repeat the searches, assessment
of study eligibility, and assessment of the risk of bias or
meta-analyses from the included reviews, but rather to pro-
vide an overall picture of findings for our particular ques-
tions (Aromataris et al. 2015). Although the organizations’
reports and working papers are considered grey literature
and can make important contributions to a systematic review
(Charrois 2015; Paez 2017), we excluded them from the
review studies and we utilised them only as a starting point
for the research, i.e. by evaluating keywords, metadata, and
recommendations sourced by the above dataset. Extending
the steps provided by the widely accepted PRISMA state-
ment (Moher et al. 2010), we followed the research meth-
odology proposed by Koutsos et al. (2019) which consists
of six stages: (1) Scoping: a comprehensive protocol was
developed starting with the research questions and the steps
to be followed, which was approved by all the authors, (2)
Planning: a search strategy upon search terms and key-
words, database sources, and inclusion/exclusion criteria,
was developed, (3) Identification-Search process: search and
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check of publications by each author independently were
performed, (4) Screening articles: citation management,
removal of duplicates via Mendeley Reference Manager, and
exclusion of the studies emerged based on title and abstract,
(5) Eligibility-Assessment: use of inclusion and exclusion
criteria, critical reading of full-text articles for assessment
and creation of a publication list using excel sheets, and (6)
Presentation: presentation of the results, synopsis of find-
ings and recommendations, limitations and further research,
and conclusions. A PRISMA flowchart is used to present the
different phases of the systematic and map out the number
of articles identified, included or excluded, and the reasons
for these exclusions. A table was also drawn up listing the
specific concerns identified by developmental domain (see
Fig. 2 and Table 1 in the Results section).

The search was conducted from May to October 2020.
Next, the strategy of the literature review process is pre-
sented in detail, including search terms and keywords, data-
base search, eligibility criteria, and data collection.

2.2 Search terms and keywords-strategy

The process used to determine the search terms and key-
words was based on the Boolean search strategy (Brereton
et al. 2007; Bello Aliyu 2017). A Boolean search strategy
was formed by combining terms and keywords derived from
three groups: “virtual reality”, “childhood”, and “the poten-
tial risks of developmental domains”. This search strategy
allows us to identify all combinations of terms that appear in
the literature. The terms within each group were combined
with “OR”, and three groups were linked with “AND”:

1. Terms and alternatives keywords used for virtual reality
were (“virtual reality” OR “VR” OR “virtual environ-
ments” OR “head-mounted display” OR “HMD*” OR
“screens” OR “devices”)

2. Terms used for the childhood were (“child*” OR “ado-
lescents”)

3. Terms used for the potential risks of developmental
domains were (“cybersickness” OR “obesity” OR “vis-
ual*” OR “eyestrain” OR “sleep disorders” OR “cogni-
tion” OR “learning” OR “confusion” OR “anxiety” OR
“addiction” OR “personality problems” OR “social*”
OR “isolation” OR “‘social gap” OR “psychological dis-
orders” OR “psychiatric disorders”)

2.3 Database search

An initial search was performed through online digital
scientific databases, major journal databases aiming at
documenting journal papers, articles in conference pro-
ceedings, international and national organizations sites
of similar reflection to map the topic and to identify the
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Fig.2 Systematic review

flowchart based on PRISMA.
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keywords. A snowballing technique was utilized too, in
which citation tracking was implemented to detect relevant
studies. Finally, two interdisciplinary research databases
were used to provide a thorough search, SCOPUS and Sci-
enceDirect and two specific databases, IEEE Xplore and
PubMed. We extended our search based on the eligibility
criteria using Google Scholar to identify other relevant
studies. We also used the professional network for scien-
tists and researchers “Researchgate” to request a full-text
whether full-text articles were not available.

2.4 Eligibility criteria

The studies along with the search terms and keywords had
to meet five criteria to be included in the review:

1. studies published between 2010 and 2020.
2. studies published in English.
3. studies published in peer-reviewed journals.

4. studies focused, in particular, on childhood and adoles-
cence. In the areas we did not have enough data due
to the bioethics of research with children, we included
studies with younger university students.

5. studies with human subjects.

3 Results

As mentioned, the literature review was guided by the
overarching question and three sub-questions. A two-
phase procedure was followed to collect the studies for
review. In the first phase, the studies were identified when
searching for terms and keywords in databases. Next, the
studies were screened for their relevance based on their
titles and abstracts. It was then ascertained whether the
studies met the inclusion criteria. When a study was eligi-
ble for inclusion, it was stored in the Mendeley Reference
Manager Library and duplicates removed. In the second
phase, a more in-depth study of the identified documents
by reading the full text to be decided whether they would
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Table 1 Total number of articles per developmental domain categorized by a particular area

1 Physical developmental (n* =28) Identified
articles
Cybersickness 6
Obesity 14
Radiation 2
Sleep disorders 7
Visual symptoms 8
2 Cognitive development (n* =38) Identified
articles
Attention 10
Learning 26
No specific area (general cognition) 6
Spatial cognition
3 Psychological developmental (n* =29) Identified
articles
Addiction 16
Anxiety 5
Emotional effects 8
Internet Gaming Disorder 9
Prosocial behaviour 6
Social behaviour 11

*n, number of articles

be included in the review. A reference list and a table were
then created, where identified documents were classified
to the search terms. Publication information created a
table containing the Author(s), Date of publication, Title,
Type of Publication, Keywords/concept, Developmental
domain, Particular area of the developmental domain
and Authors’ aim, findings and conclusions regarding the
impact of VRTs. A total of 2721 studies were found pub-
lished from 2010 to 2020. These studies included journal
articles, conference proceedings, and reviews. In total,
2589 title and abstract studies were excluded and 32 were
removed as duplicates. After screening, 112 studies were
included in the eligibility assessment. Of these studies,
85 met the eligibility criteria and were included in the
review (Fig. 2).

An excel spreadsheet was created which was the main
guide that led to the classification of the results according
to the developmental domain, i.e. physical, cognitive and
psychosocial and their particular area, e.g. for the psycho-
social domain, particular areas are the addiction, anxiety,
emotional effects, internet gaming disorders, prosocial and
social behaviour (Table 1).

Taking into account the above results to answer the
research questions, we can remark the following:
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RQ1 Regarding the potential risks of virtual reality (soft-
ware and hardware) to children, the review identified 85
articles. Out of the 85 articles, 28 focused on the physi-
cal domain, while 38 related to the cognitive domain and
29 referred to the psychosocial domain. It is important to
mention that some articles covered two domains. Thus, 3
articles were identified for both the cognitive and psychoso-
cial domain, 2 articles for both the physical and the cogni-
tive domain and 1 article that examined all 3 development
domains. It was also often the case that the articles did not
focus only on one area of the developmental domain but
extended to 2, 3 or even 4 areas.

Concerning the sub-questions:

RQ1a Cybersickness, obesity, radiation, sleep disorders
and visual symptoms are the most frequently identified con-
cerns about children’s physical development.

RQ1b The most frequently identified issues for children’s
cognitive development refer to attention, learning, general
cognition and spatial cognition as well.

RQ1c For the psychosocial development of children,
the concerns are mainly focused on addiction, anxiety,
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emotional effects, internet gaming disorders, prosocial and
social behaviour.

The results of the studies included in the review are then
presented in detail by developmental domain, highlighting
both the researchers’ agreements and disagreements.

3.1 Physical development

Physical development encompasses growth and changes in
body and brain, senses, motor skills, health and wellness
(Spielman et al. 2020). Regarding the impact of VRT and
gaming on children physical development, the most common
research fields are related to cybersickness, visual symptoms,
obesity, radiation, sleep disorders, and cardio-metabolic
deficiencies (Table 2). It is important to emphasize that
issues related to physical development affect cognitive and
psychosocial development and vice versa.

Cybersickness is a condition that indicates symptoms of
nausea, disorientation and oculomotor during and/or after
experiencing virtual environments in head-mounted dis-
plays, large screens, and curved screen systems (LaViola
2000; Nolin et al. 2016; Rebenitsch and Owen 2016). Nau-
sea is referred to as general discomfort, stomach awareness,
even vomiting. Disorientation symptoms include difficulty
focusing, vertigo, and dizziness. Symptoms in the oculo-
motor system may cause fatigue, headache, and eyestrain.
Between HMDs, desktop displays and large screens, HMDs
present the highest amount of cybersickness (Rebenitsch and
Owen 2016). Roettl and Terlutter (2018) analysed how an
identical video game that is either played in a 2D, stereo-
scopic 3D or Head-Mounted-Display (HMD) VR version
is experienced by the university students/players. Students
reported higher levels of dizziness and motion-sickness in
the VR game than in the 3D and 2D game.

As up-to-date evidence has shown that cybersickness
symptoms persist for some time after leaving the VR with-
out, however, long-term or permanent effects (Bruck and
Watters 2009; Duzmariska et al. 2018), the greatest concern
is focused on the potential impact on the visual system. Of
particular interest are the effects of size, type, and weight of
the devices used for VR games, such as laptops, large tel-
evision screens, tablets, smartphones, and especially HMDs
(Wang et al. 2020). More accurately, researches focus on
visual placement, hygiene, and child safety standards. Wor-
ries are about VRTs impacts on the immature visuomotor
system, adverse effects on accommodation, vergence, and
stereoscopic vision, as well as visual-motor coordination
(eye-hand coordination), i.e. matching or mismatching
between the visual information and the hand movements
(Gent 2016; Tychsen and Foeller 2020). Rechichi et al.
(2017) conducted a cross-sectional study of possible video
game vision syndrome and concluded that prolonged use

of video games for 30 min or more a day by children up to
10 years of age may affect and compromise the development
of their visual pathways. It is important to mention that most
of the children did not complain of headaches while playing
video games. Tychsen and Foeller (2020) designed research
to find out the effects of immersive VR on the visual motor
function of 50 children aged 4-10, postural stability, and
motion sickness (via a 3D virtual reality game). Baseline
testing was implemented before VR exposure and each VR
session was followed by post-VR testing of binocular cor-
rected distance visual acuity, refractive error, binocular eye
alignment (strabismus), stereoacuity (stereoscopic acuity),
and postural stability (imbalance). The results confirmed that
(a) changes in heterophoria and near-point of accommoda-
tion were negligible, (b) the refractive error measurements
disclosed no evidence of accommodative myopia or other
refractive change and (c) the stereoacuity measures showed
no degradation. Additionally, symptoms of eyestrain or nau-
sea/motion sickness were minor. A significant issue was that
children reported less negative effects on the same visual
experience than adults exposed to the same VR. No matter
how far away an object appears, the eyes remain focused
on a fixed point, converging on something in the virtual
distance, without having vergence-accommodation conflict
(Gent 2016). The study of visual fatigue using HMDs and
two-dimensional displays indicated that the findings were
not significantly different between the two types of devices
(Hirota et al. 2019). However, the vergence-accommoda-
tion conflict (VAC) remains a major issue in HMDs for VR
(Kramida 2016). In 2018, the American Academy of Oph-
thalmology (2018) concluded that the increasing prevalence
of myopia worldwide is associated with almost all activities
performed close to eyes, not only screen-related works but
also reading traditional books. Currently, the world is fac-
ing a global pandemic known as COVID-19 due to SARS-
CoV-2, and social distancing, schools’ closures, isolation,
and quarantine have been chosen to deal with its dispersion
by most countries. Due to the pandemic, many children obli-
gated to learn through digital virtual learning. Online learn-
ing increases digital screen time and therefore an increased
risk of myopia onset and progression in children. However,
myopia development appeared to be related only to reading,
but not watching television, playing computer games or even
studying (Wong et al. 2020).

Regarding the safety of HMDs, Tychsen and Foeller
(2020) reported that long-term deleterious effects, eyestrain,
head and/or neck discomfort, dizziness, and motion sick-
ness/cybersickness were not mentioned by children while
playing VR games. VR video game technology, on the other
hand, has been used to detect and treat children amblyopia
(in which visual acuity in one eye is poorer than the other),
strabismus, and convergence insufficiency with promising
results (Kelly et al. 2016; Greuter et al. 2020). VRTs have
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also been used therapeutically for eye-hand coordination in
children with cerebral palsy or Down syndrome (Tychsen
and Foeller 2020). Howarth (as cited in Gent 2016) noted
that “only those with already weak eye movement and con-
trol are likely to experience adverse effects such as head-
aches and eyestrain”. Howarth also added that these findings
are good indicators for children who have similar symptoms,
and parents should have their children’s eyes checked. There-
fore, HMDs can help identify existing problems. In contrast,
the blue light emitted by the screens can induce photorecep-
tor damage (Tosini et al. 2016).

The problem of obesity is set in the broader context of
the time spent on digital technology that distracts children
from physical activity and is not just a matter of VR (Tate
et al. 2013; Kardefelt-Winther 2017; Gottschalk 2019). As a
wide range of video games are developed with VRTs, there
is particular concern about their correlation with obesity risk
factors (Kenney and Gortmaker 2017; Gheller et al. 2019).
The feeling of getting “lost” in a fully immersive experience
could lead to overeating, a sedentary (non-active) lifestyle
and overweight. The correlation between video games and
obesity is complex and indirect. Different gaming habits
such as playing during bedtime and consumption of high-
calorie sweet drinks and foods with low nutritional value
during video game playing can be interconnected and ulti-
mately related to childhood obesity and sedentary behaviour
(Calvert et al. 2013; Kenney and Gortmaker 2017; Turel
et al. 2017). However, the assumption of a strong associa-
tion between video game playing and body mass index is
small and primarily observed among adults without sig-
nificant association for samples of children or adolescents
(Tate et al. 2013; Marker et al. 2019). Contrariwise, video
games, especially motor games and active video games or
exergames, have been shown to have a positive effect on
the prevention of obesity by promoting tips and training
programs for adopting healthy lifestyles and eating habits
(Calvert et al. 2013; Gonzalez et al. 2016). Although active
video games encourage physical activity at an early age
(Ramirez-Granizo et al. 2020), it seems that they do not
lead to increased physical activity in young people (Oliveira
et al. 2020). Furthermore, obesity and sedentary lifestyle
due to non-active video gaming habits may result in long-
term cardio-metabolic deficiencies among adolescents and
consequently could be a cause of physical and psychologi-
cal problems, including low self-esteem (Turel et al. 2016;
Cappuccio and Miller 2017). Likewise, Fuller et al. (2017)
found a statistically significant association between bedtime
technology use and elevated body mass index.

Regarding sleep disorders, they have been proven to be
directly related to low secretion of melatonin, known as
“sleep hormone” (Gottschalk 2019). Melatonin starts rising
about 2 h before a natural bedtime and is more sensitive to
light in children than in adults. Computers, smartphones, and

tablets emit short wavelengths or blue light and thus have
brighter screens. The use of these bright devices at night has
been associated with reduced concentrations of melatonin
and therefore may negatively affects sleep and the circadian
system (Tosini et al. 2016). Reduced sleep duration could be
the cause of obesity, and obesity could cause reduced sleep.
Sleeping less would give children more time to eat and to
engage in other sedentary activities like gaming, resulting
in a vicious circle (Turel et al. 2016, 2017; Reid Chassiakos
et al. 2016; Fuller et al. 2017; Kenney and Gortmaker 2017,
Cappuccio and Miller 2017).

Beyond obesity and sleep disorders, an equally important
issue is the risk of exposure to wireless devices such as VR
devices, as young eyes and brains have been found to absorb
significantly higher doses of local radiation than adults
(American Academy of Pediatrics 2016a; Fernandez et al.
2018). Given that the systematic use of wireless devices by
children is a relatively recent phenomenon, the long-term
health risks are unclear due to a lack of longitudinal research
data, as the previous generation was not exposed to this type
of radiation in childhood or adolescence (Gottschalk 2019).

3.2 Cognitive development

Cognitive development refers to the changes that occur in
children’s mental abilities including perception, attention,
language, learning, and thinking (Shaffer and Kipp 2014).
Nowadays, digital media have been integrated into every-
day life and children spend a lot of time playing games on
screens or with HMDs. Therefore, a reasonable question
arises about games efficiency to improve or impair cognitive
skills. In this context, the research focused on the potential
of digital games, both Commercial-Off-the-Shelf (COTS)
games and serious games (Abt 1975) (i.e. those that are
primarily designed to improve learning outcomes in addi-
tion to entertainment) to develop cognitive skills such as
working memory, attention and spatial cognition (Mayer
2019; Makransky et al. 2019; Kaimara et al. 2019a; Parong
and Mayer 2020). Table 3 presents the reviewed studies
focused on the cognitive domain. Serious games can pro-
mote learning with cognitive, behavioural and affective
outcomes (Boyle et al. 2016). Checa and Bustillo (2020)
provided recommendations for the improvement of serious
games in immersive VR environments to the enhancement
of both learning and training tasks. Numerous surveys offer
evidence of positive learning outcomes resulting from the
use of digital media in which users can consume and actively
create content (Gee 2008; de Freitas and Liarokapis 2011;
Girard et al. 2013; Granic et al. 2014; Reid Chassiakos et al.
2016; de Freitas 2018; Erhel and Jamet 2019; Fokides 2020)
while some academics examine games more critically not
only in terms of motivation but also concerning their dis-
covery, constructivist and problem-based learning pedagogy,
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Table 3 Overview of the cognitive domain

Study summary and Authors’ conclusions

References Publication Type Attention Learning Spatial
cogni-
tion

1 Adjorluetal. (2017) Research article *

2 Adjorlu and Serafin (2019) Research article *

3 Bennett et al. (2018) Research article *
4 Blume et al. (2017) Research article *

5 Boyle et al. (2016) Review article *

6 Chang et al. (2020) Research article *

The authors present a study conducted to

investigate the feasibility and effectiveness
of VR applied to daily living skills (DLS)
training of individuals diagnosed with
Autism Spectrum Disorder (ASD). The
study indicates some positive effects of a
head-mounted display based VR simulation
to train DLS. However, further research is
needed to measure the long-term effects

The authors presented a study conducted to

investigate the feasibility and effectiveness
of VR for teaching money skills to ado-
lescents diagnosed with Autism Spectrum
Disorder (ASD). VR roleplay training
illustrates some potentials and benefits in
using VR as a mean to teach money skills.
A pre- and post-VR training evaluation was
conducted using real coins and bills

VR can provide robust assessment of cogni-

tive spatial processing skills in individuals
with visual impairment. Findings from

the current work demonstrate a successful
interaction between individuals with visual
impairments and VR simulations in assess-
ing high-level visual function

Generalization of acquired self-regulation

skills from laboratory to real life is crucial
for a transfer to everyday situations and is
hypothesized to be facilitated via training
using VR environments. As the authors
argued, this was the first study investigat-
ing the efficacy of neurofeedback training
for children with ADHD in a VR compared
to a 2D environment

The current review focused on 143 papers

that provided higher-quality evidence about
the positive outcomes of games. The most
frequently occurring outcome reported for
games for learning was knowledge acquisi-
tion, while entertainment games addressed
a broader range of affective, behaviour
change, perceptual and cognitive and
physiological outcomes

This study proposed a non-immersive VR

guidance system combined with a two-tier
strategy to help students learn geology
knowledge. The two-tier test VR guidance
system not only improved the students’
learning achievement in natural science,
but also enhanced their learning motiva-
tion, and help students answer questions
and solve problems more effectively
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Table 3 (continued)

References

Publication Type Attention Learning Spatial

Study summary and Authors’ conclusions

7 Checa and Bustillo (2020)

8  Connors et al. (2014)

9 Dalgarno and Lee (2010)

10  De Freitas (2018)

11  Dixon et al. (2019)

12 Erhel and Jamet (2019)

Review article

Research article

Research article

Review article

Research article

Research article

The study aimed to identify the factual

standards of the proposed solutions and the
differences between training and learning
applications. The study provided recom-
mendations for the improvement of serious
games in immersive VR-environments

to the enhancement of both learning and
training tasks

For individuals who are blind, navigating

independently in an unfamiliar environ-
ment represents a considerable challenge.
Virtual environments and gaming in the
development of mental spatial representa-
tions can facilitate the transfer of spatial
knowledge and further, can be used by
individuals who are blind for navigation in
real-world environments

This article explored the potential learn-

ing benefits of three-dimensional (3-D)
virtual learning environments (VLEs).

The authors identified a series of learning
affordances: spatial knowledge representa-
tion, greater opportunities for experiential
learning, increased motivation/engagement,
improved contextualisation of learning and
collaborative learning

To the question: are games effective learning

tools, the answer from the research is over-
whelmingly positive. Despite resistance

to the adoption of game-based approaches
in schools, colleges and universities, like
online learning, it will be a matter of time
before the cost benefits drive uptake widely
and the full implication of the research is
fully understood

Immersive VR environments may offer the

advantages of both contrived and natural
environment training settings, providing
structure to create repeated learning oppor-
tunities in a safe and realistic environment.
The current study evaluated the effective-
ness of a VR safety skills training environ-
ment in teaching children with ASD to
cross the street with very promising results

The authors explored the relationship

between goal specificity, flow experience
and learning outcomes in educational
computer games. A nonspecific goal, as
opposed to a specifically defined goal,
enhances comprehension, but not memori-
zation and affects reading strategies. Also,
they concluded a beneficial influence of
flow experience on both memorization and
comprehension
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Table 3 (continued)

References Publication Type Attention Learning Spatial General Study summary and Authors’ conclusions
cogni-  cogni-
tion tion
13 Fokides and Chachlaki (2020) Research article * The study presented the results for a 3D

multi-user VR for raising awareness of
environmental issues. The target group was
326 students aged 10—12-years old divided
into three groups according to taught
material: (1) printed material, (2) web-
based application, and (3) VR. The VR
had a notable impact on students’ attitudes
towards seals protection compared to the
other tools

14 Fowler (2015) Research article * The aim of this paper was to build upon
Dalgarno and Lee’s model of learning in
three-dimensional (3-D) virtual learning
environments (VLESs) and to extend their
road map for further research in this area.
The paper adopted a “design for learn-
ing” perspective and provided a combined
framework to those designing learning
activities in 3-D VLEs

15 Freina and Ott (2015) Review article * This paper is a Review article of the
advantages and potentials in the use of
Immersive VR in Education (2013-2014).
It examines the use of VR in general, and
immersive VR in particular, for adult or
university students training, and the possi-
ble advantages for children and some kinds
of cognitive disabilities. The paper outlined
strategies that could be carried out to verify
these ideas

16 Girard et al. (2013) Review article * Computer-assisted learning is known to be
an effective tool for improving learning in
both adults and children. The objective of
this research was to review the results of
experimental studies designed to examine
the effectiveness of games on players’
learning and engagement. Games potentials
illustrate why it is important to continue to
study their effectiveness

17  Granic et al. (2014) Review article * Video games are a ubiquitous part of almost
all children’s and adolescents’ lives. The
authors summarized the research on the
positive effects of playing video games,
focusing on four main domains: cogni-
tive (e.g. attention), motivational (e.g.
resilience in the face of failure), emotional
(e.g. mood management), and social (e.g.
prosocial behaviour) benefits

18 Jeong et al. (2015) Research article  * This qualitative approach study aimed to
understand the overall experiences of stu-
dents using notebooks in class. Interview
data were collected from 23 Korean college
students at a Korean University. The results
implied that appropriate methods of tech-
nology usage are needed and that the sup-
port of an instructor is essential to achieve
fully beneficial use of notebooks in class
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Table 3 (continued)

References Publication Type Attention Learning Spatial General Study summary and Authors’ conclusions
cogni-  cogni-
tion tion
19 Kaimara et al. (2019a, b) Research article * * Serious games (SGS) are gaining an ever-

increasing interest of many scholars regard-
ing learning. This quantitative research
focused on students’ characteristics and
factors that affect learning experience
when playing 2D or 3D SGs. The results
revealed that other learners’ skills beyond
demographics such as self-regulation, spa-
tial cognition and mental rotation should
be considered

20 Kaimara et al. (2020a, b) Research article * * The main objective focused on the correla-
tion of the University students’ views that
were sharing common characteristics, like
gender, information and communication
technology skills, game playing experi-
ence, and specific scientific background
with factors that related to the gameplay as
well as the learning effectiveness

21 Kenny and Gunter (2011) Research article * Video games are one of the fastest-growing
elements of informal, virtual learning.
In this article, the authors presented a
design and evaluation rubric that appears
to overcome many of the shortcomings in
educational games currently on the market

22 Kim et al. (2020) Research article * In this paper, the authors introduced and
demonstrated the benefits of a new type
of treatment, namely, an eye-contact game
that successfully exploits mixed reality
technology with head-mounted display.
ADHD children, after participating in the
treatment sessions, the omission/commis-
sion errors which were evaluated in an
attention test decreased significantly

23 Koops et al. (2016) Research article * * Computer games, based on physics simula-
tions, have been utilized to provide an
alternative learning tool. In this research,
the authors investigated if commercial
entertainment games can be used to over-
come misconceptions of Newton’s laws of
motion. They concluded that self-designed
educational games induce a significantly
higher learning gain than commercial
entertainment game

24  Lamb et al. (2018) Review article * The purpose of this meta-analysis was to
characterize and compare outcomes related
to serious educational games, serious
games, and educational simulations as they
are presented in the educational literature.
The examined studies suggest that ES,
SGs, and SEGs do not differ in a statisti-
cally significant way when compared to
traditional instruction but do differ from
each other
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Table 3 (continued)

References Publication Type Attention Learning Spatial General Study summary and Authors’ conclusions

cogni-  cogni-
tion tion

25 Makransky et al. (2019) Research article

26  Malihi et al. (2020) Research article

27 Mayer (2019) Review article

28 Molina-Carmona et al. (2018) Research article

29 Newbutt et al. (2020) Research article

30 Nolin et al. (2016) Research article

* The objective was to compare the effective-
ness of an immersive VR simulation, a
desktop VR simulation, and a conventional
text-based manual for delivering labora-
tory safety training. Significant differences
were observed favouring the immersive
and desktop VR compared to the text on
solving problems, perceived enjoyment,
intrinsic motivation and self-efficacy

* The aim of this study was to examine the
safety and usability of these systems for
children with ASD. Children with ASD
indicated that HMDs improve spatial
presence and realism and 74% of 35
participants preferred using HMDs over
monitor-displayed video. These findings
provided preliminary evidence to support
the safety and usability of HMDs-VR for
children with ASD

* * * Visionaries offer strong claims for the edu-
cational benefits of computer games, but
there is a need to test those claims with rig-
orous scientific research and ground them
in evidence-based theories of how people
learn. Future research is needed to pinpoint
the cognitive, motivational, affective, and
social processes that underlie learning with
educational computer games

* The authors hypothesised that it is pos-

sible to design VR learning activities that
can help students to develop their spatial
ability. To prove their hypothesis, they had
conducted an experiment consisting of
training the students using an on-purpose
VR learning application. The conclusion is
that VR learning activities have shown to
improve spatial ability

* The authors sought to place children with
ASD examining the potential of VR HMDs
used in classrooms. Students identified
several potential usages for HMDs such as
relaxing/feeling calm, being able to explore
somewhere virtually before visiting the real
place and developing learning opportuni-
ties. HMDs were reported as enjoyable,
physically and visually comfortable, easy
to use

* The majority of neuropsychological studies
using virtual reality have dealt with adults
while studies with children and adolescents
are relatively scarce. Of the few studies
which have been conducted with children,
data were mostly generated using the
Virtual Classroom Clinica. ClinicaVR is
recommended as an assessment tool for
selective and sustained attention
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Table 3 (continued)

References Publication Type Attention Learning Spatial

cogni-
tion

General Study summary and Authors’ conclusions
cogni-
tion

31 Palausetal. (2017) Review article

32 Parong and Mayer (2020) Research article

33 Passigetal. (2016) Research article

34 Reid Chassiakos et al. (2016) Review article

35 Roettl and Terlutter (2018) Research article

36 Spence and Feng (2010) Review article

*

* The authors aimed to understand the rela-
tionship between the use of video games
and their neural correlates. Despite the
heterogeneity of the field of study, it has
been possible to establish a series of links
between the neural and cognitive aspects,
particularly regarding attention, cogni-
tive control, visuospatial skills, cognitive
workload, and reward processing

* The goal of the study was to examine the
effects of playing an immersive VR game
that included a collection of gamified
cognitive tasks, on specific components of
cognition, including perceptual attention,
mental rotation, working memory, visu-
alization, visual field of view, and visual
processing speed. No evidence that brain
training games improve specific compo-
nents of cognition

* The main objective of this research was to
study the degree to which the learning
process in a dynamic assessment proce-
dure using a computerized 3D Immersive
Virtual Reality (3D IVR) framework
contributes to the cognitive modifiability of
children. The findings indicate that teach-
ing in a 3D IVR environment contributed
to the children’s cognitive modifiability

The use of digital media has evidence-based
benefits including early learning, exposure
to new ideas and knowledge, and increased
opportunities for social contact and sup-
port. Also, risks of such media include
negative effects on attention. To promote
wellness in children and adolescents, it is
important to set an appropriate balance
between screen time/online time and other
activities

* The authors analysed how an identical

video game that is either played in a 2D,
stereoscopic 3D or Head-Mounted-Display
(HMD) VR version is experienced by the
players, and how brands that are placed in
the video game are affected. A post hoc
study shows that cognitive load was highest
in the VR game and lowest in the 3D game

The authors reviewed studies that investi-
gate the ability of video games to modify
processes in spatial cognition. Several
experiments have shown that playing
action games induces changes in several
sensory, perceptual, and attentional abili-
ties that are important for many tasks in
spatial cognition. Action video games have
a beneficial effect on complex tasks such as
mental rotation
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Table 3 (continued)

References

Publication Type Attention Learning Spatial

General Study summary and Authors’ conclusions
cogni-  cogni-
tion tion

37 Weerdmeester et al. (2016) Research article  *

38 Zaharias et al. (2017) Research article *

The study assessed the feasibility and effec-
tiveness of a full-body-driven intervention
videogame targeted at decreasing ADHD
symptoms, specifically inattention, hyper-
activity, impulsivity, and motor deficiency.
Children who played the game improved in
several areas with only a short amount of
gameplay (1.5 h in total), and their satisfac-
tion with the game was high

* In this study, two versions (2D and 3D) of

a serious educational game on geography,
were developed for elementary schools.
Both versions had a positive impact on
learning. 2D version had a greater impact
compared to 3D, regarding learning, while
the 3D version had a greater impact on
motivation to learn and user experience

and performance-based measures (Clark et al. 2010; Fowler
2015; Chang et al. 2020). Indeed, games gather powerful
structural elements (i.e. rules, goals and objectives, feed-
back, challenges, interaction and story) (Prensky 2007) that
attract, engage, and motivate children. However, these ele-
ments are not enough for a game to be considered an edu-
cational one (Gunter et al. 2006; Kenny and Gunter 2011).
Palaus et al. (2017) argued that despite the heterogeneity
of the field, it has been possible to establish a series of
links between the neural and cognitive aspects, particularly
regarding attention, cognitive control, visuospatial skills,
cognitive workload, and reward processing.

In recent years, there has been a change in video game
development technology and instead of two-dimensional
(2D) VE, video games can be played in a three-dimensional
(3D) VE or using HMDs (Freina and Ott 2015; Roettl and
Terlutter 2018). 2D games display less immersion than
3D ones, which become even more realistic when played
with special equipment, such as HMDs (Roettl and Terlut-
ter 2018). Researches on perceived learning effectiveness
depending on the type of 2D or 3D game have revealed
that 2D games are considered more effective compared to
3D (Koops et al. 2016; Zaharias et al. 2017; Kaimara et al.
2020a). These findings are consistent with Mayer’s conclu-
sions (Mayer 2019). Students learn better when games are
rendered on a desktop screen than in immersive VR perhaps
due to distraction. Chang et al. (2020) similarly assumed that
their non-immersive VR guidance system not only improved
students’ learning achievement in natural science, but also
enhanced their learning motivation, and help them answer
questions and solve problems more effectively. One possi-
ble explanation may be related to the fact that in 3D-model
players need to process more information and consequently
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greater working memory resources are required. There-
fore game navigation demands more cognitive resources,
leaving fewer resources for learning objectives (Roettl and
Terlutter 2018; Kaimara et al. 2020a). Furthermore, Mayer
(2019) claimed that realism is not a promising game fea-
ture when the goal is to improve learning outcomes. On the
contrary, Lamb et al. (2018) concluded that 3D simulations
and games are more effective in changing student outcomes
and these results derive from perceived realism and conse-
quential engagement. Fokides and Chachlaki (2020) came
to the same conclusion investigating the effectiveness of a
3D multi-user VR environment for raising environmental
awareness in children. 326 students aged 10-12-years old
divided into three groups according to the taught material:
(1) printed material, (2) web-based application, and (3)
VR. The VR had a notable impact on students’ attitudes
towards seals protection compared to the other tools. Simi-
larly, Passig et al. (2016) indicated that teaching in a 3D
VR environment contributed to the children’s cognitive
modifiability. Dalgarno and Lee (2010) identified a series
of learning affordances of 3-D virtual environments, i.e.
spatial knowledge representation, greater opportunities for
experiential learning, increased motivation/engagement,
improved contextualisation of learning and collabora-
tive learning. Correspondingly, Parong and Mayer (2020)
researched the effects of playing immersive VR games on
specific components of cognition, i.e. perceptual attention,
mental rotation, working memory, visualization, visual field
of view, and visual processing speed. Arguing that immer-
sion could increase learner’s feeling of presence, motivation,
and attention in a virtual world, their research results do
not provide strong evidence that playing such games affects
specific components of cognition. Mayer (2019) came to
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the same conclusion by investigating the effect of so-called
brain training games, which contain a series of mini-games.
Their ineffectiveness may be due to the lack of focus on
a single cognitive ability. However, given indications of
gender differences in spatial cognition and mental rota-
tion, females can improve spatial skills playing 3D games
(Peters et al. 2006; Moreau et al. 2010; Spence and Feng
2010). Moreover, VR can robust assessment of cognitive
spatial processing skills in typically developing students and
individuals with visual impairment and Autism Spectrum
Disorders (ASD) (Connors et al. 2014; Bennett et al. 2018;
Molina-Carmona et al. 2018; Malihi et al. 2020). Adjorlu
and colleagues (Adjorlu et al. 2017; Adjorlu and Serafin
2019; Adjorlu and Serafin 2020) have conducted a series of
studies on the use of VR applications and HMDS by children
with ASD. They focused mainly on daily skills training, such
as shopping in supermarkets, street-crossing skills and man-
aging money and social skills. The conclusions they have
reached from their assessments are very promising for learn-
ing outcomes, reduction of disruptive behaviour and social
anxiety, and collaborative learning in inclusive classrooms.
Additionally, Newbutt et al. (2020) reported that students
with ASD found HMDs enjoyable, physically and visually
comfortable, and easy to use. Parong and Mayer (2020) also
assumed that utilising video games could enhance cognitive
skills and improve everyday and academic skills.

As mentioned, imagination is one of the “I” dimen-
sions of VEs (Burdea and Coiffet 2003). Thus, VR has the
potential to affect children’s imagination, empathy, experi-
ential and embodied learning. Consequently, imagination
may prompt confusion between real events and fiction and
may cause sensory and cognitive overload (Sobel 2019).
Children are less able to distinguish what is real from
what is imaginary compared to adults, may confuse VR
experiences with those that occur in the physical world
and identify with avatars (Segovia and Bailenson 2009;
Bailey and Bailenson 2017). Standen and Brown (2006)
referred to an example related to a car accident. Being
hit by a virtual car cannot convey exactly what happens
when being hit by a real car. Through VR-Educational
Technologies are provided opportunities for experiential
active learning in a safe, controlled, repeatable, and adjust-
able environment, reducing the risks of real-life, allowing
students to learn from their mistakes without suffering
effects produced by the real world and at the same time
encouraging and promoting participation (Newbutt et al.
2017; Dixon et al. 2019). However, in cases where the VR
applications are chosen as a method to teach children with
neurodevelopmental disabilities to reduce the danger of
in-vivo instructions, there is a risk that the learners may
not fully understand the real danger in the real world and
therefore the involvement of the educator becomes crucial.

Thus, adults should help children to make the connection
and to rate the differences between real-world and VEs. It
is also important to note that the fiction-real relationship
permeates almost all digital and non-digital media, books,
fairy tales with fantastic heroes, such as Tooth Fairy and
celebrity entities such as Santa Claus, movies, and comics
on television and in cinema, and is not solely related to VR
technology content. Furthermore, it should be emphasized
that confusion between reality and non-reality is a children
developmental stage, which is directly related to the meta-
cognitive limitations, the Theory of Mind and pretence,
fields that have been extensively explored by pioneers
such as Piaget, Flavell, Green, Wellman, etc. (Woolley and
Ghossainy 2013). Therefore, VR because primarily relies
on realism, immersion, and presence can effect children,
these result may last and adults’ role in facilitating the
disconnection of real from non-real is decisive.

Studies focusing on attention when using mobile
devices in the classroom are associated with distraction
(Reid Chassiakos et al. 2016). However, the negative
impact of devices often occurs when laptops and tablets
are permitted without limits and distraction is due to the
uncontrolled Internet use during teaching (communicate
via messaging, having fun and pretending to be work-
ing on something related to the lesson, etc.) (Jeong et al.
2015). Attention and distraction in VEs can be studied by
observing individuals with Attention Deficit Hyperactiv-
ity Disorder (ADHD) (American Psychiatric Association
2013). ADHD is a neurodevelopment disorder character-
ized by inattention, disorganization, and/or hyperactivity-
impulsivity directly associated with limited attention and
distraction, and particular research is needed to determine
whether or not technology enhances the manifestations
of the disorder. While cognitive overload due to technol-
ogy and multitasking is associated with poorer attention
spans, the link between ADHD and technology has not
yet been proven. The increased Internet use and media
sources produce abnormal patterns of behaviour which
may reflect symptoms similar to ADHD-like behaviours
(Steve and Grubb 2018). Contrariwise, promising results
were found early enough regarding the rehabilitation of
inattention and impulsiveness through VR (Cho et al.
2004; Kim et al. 2020). Cho et al. studied twenty-eight
participants aged 14—18 years who had learning difficul-
ties and presented inattentive, impulsive, hyperactive, and
distracted behaviour without official ADHD diagnosis and
found that participants were reducing the level of inatten-
tion and impulsiveness through the immersive VR inter-
ventions. Recent results of research data conclude that
cutting-edge technologies such as VR, augmented real-
ity (AR), mixed reality (MR), mobile devices, and VR
games provide opportunities for ADHD children treatment
by reducing their symptoms (Weerdmeester et al. 2016;
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Table 4 General overview of psychosocial domain

References Publication type

Addiction Anxiety Emo-
tional
effects

IGD Prosocial/

Study summary and
Authors’ conclusions

1 Adjorlu and Serafin (2019) Research article

2 Carbonell (2017) Review article
3 Festl et al. (2013) Research article
4 Granic et al. (2014) Review article

The authors’ presented a
study investigating the
feasibility of using VR
to reduce disruptive
classroom behaviour of
a child diagnosed with
Autism Spectrum Disorder
(ASD). The study provides
guidelines to educators
and designers who plan to
develop applications for
educating children with
ASD regarding social
skills

The author discussed the
confusion in DSM-5
diagnosis for Internet
Gaming Disorder due to
the weak criteria. The
release of new genres of
video games, VR, online
video gaming, different
video game mechanics and
social structures, and the
emergence of smartphones
as the main platform are
some of the new chal-
lenges for scholars

Playing digital games has
been associated with forms
of addictive behaviour.
Following Gaming Addic-
tion Short Scale (GAS)
criteria, addiction is
currently not a widespread
phenomenon among
adolescents and adults in
Germany. GAS scores are
associated with intensive
use and certain problem-
atic aspects of individuals’
personalities and social
lives

The authors summarized the
research on the positive
effects of playing video
games, focusing on four
main domains: cognitive,
motivational, emotional,
and social. They proposed
some candidate mecha-
nisms by which playing
video games may foster
real-world psychosocial
benefits
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Table 4 (continued)

References

Publication type

Addiction Anxiety Emo-

IGD

Study summary and
Authors’ conclusions

5 Kaimara et al. (2020a, b)

6  Kardefelt-Winther (2017)

7 Kuss et al. (2017)

8 Lavoie et al. (2020)

Review article

Review article

Review article

Research article

tional
effects
£
£ %
£

The author’s main objective

was to research brain-
computer interfaces (BCI)
concrete components and
potential advances as
well as depict potential
limitations while using
technological devices.
Within this context,
requirements, advantages,
possible addiction risks,
and boundaries regard-
ing the specifications for
BCI and technology are
discussed

Videogame playing was

associated with prosocial
behaviour, life satisfaction,
and lower levels of con-
duct, emotional and peer
problems, and hyperactiv-
ity. The popular scientific
claim that time spent on
digital technology could
make children addicted

is a misrepresentation of
existing knowledge

"Internet addiction" has

been criticized for its

lack of specificity given
the heterogeneity of
potentially problematic
behaviours. Internet addic-
tion and Internet Gaming
Disorder (IGD) are not the
same, and distinguishing
between the two is con-
ceptually meaningful. The
DSM-5 has caused more
confusion than clarity
regarding the disorder

The authors designed

an interactive scenario
intended to elicit low

to moderate amounts of
negative emotion, wherein
participants played out
the scenario in either VR
(using the HTC Vive) or
on a laptop computer. VR
gameplay has the potential
to elicit strong negative
emotional responses that
could be harmful to users
if not managed properly
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Table 4 (continued)

References Publication type Addiction Anxiety Emo- IGD Prosocial/ Study summary and
tional social behav- Authors’ conclusions
effects iour

9 Lobel et al (2017) Research article * * The effects of games on

10 Madary and Metzinger
(2016)

11 Malihi et al (2020)

12 Minnikkd et al. (2015)

Review article

Research article

Research article

children’s psychosocial
development: Gaming

at time were related to
increases in emotion
problems and decreases
in social behaviour, for
children involved in high-
frequency competitive
gaming. Neither violent
games were associated
with psychosocial changes
nor cooperative games
with changes in prosocial
behaviour

* * The goal of this article was
to present a first list of
ethical concerns that may
arise from research and
personal use of VR and
related technology and
to offer concrete recom-
mendations for minimizing
those risks. The neuro-
physiological underpin-
nings of VR addiction may
differ from that of internet
use disorder

* The aim of this study was
to examine the safety and
usability of these systems
for children with ASD.
The authors argued that
levels of anxiety and nega-
tive effects experienced by
children with ASD while
wearing HMDs or watch-
ing a monitor-displayed
video were not signifi-
cantly different

* The aim of this study was
to identify problematic
gaming behaviour among
Finnish adolescents and
young adults, and evaluate
its connection to a variety
of psychological, social,
and physical health symp-
toms. Problematic gaming
behaviour was found to
relate to psychological and
health problems, namely
depression and anxiety
symptoms

@ Springer



Virtual Reality (2022) 26:697-735

721

Table 4 (continued)

References

Publication type Addiction Anxiety Emo- IGD
tional

effects

Prosocial/
social behav-
iour

Study summary and
Authors’ conclusions

13 Mesa-Gresa et al (2018)

14 Newbutt et al. (2020)

15 Newbutt et al. (2017)

16  Palaus et al (2017)

Review article *

Research article—Journal *

Review article *

Review article *

* VR has emerged as an effec-
tive tool for intervention in
the health field and treat-
ment for individuals with
ASD. The clinical focus
of most of the reviewed
studies was on emotional
and/or social skills, includ-
ing emotion recognition,
collaboration, and social
interaction tasks

The authors sought to
place children with ASD
examining the potential of
VR HMDs used in class-
rooms and suggested that
low-tech options such as
smartphone-based HMDs
could be a suitable tool
for relaxing, exploring an
environment just before
visiting the real world.
HMDs were reported by
children as enjoyable,
physically and visually
comfortable

* This review was focused
on the potentially useful
application of VRTs to
train and support people
with an ASD in develop-
ing life-skills (i.e. social
skills, job skills, inde-
pendent living skills)
and where there has been
successful implementation
in applied contexts. The
authors also discussed the
ethical approaches in using
HMDs with this popula-
tion

The authors aimed to

understand the relationship
between the use of video
games and their neural
correlates. Regarding
addiction, the role of the
reward system is always
present when we talk
about VGs, due to the way
they are designed
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Table 4 (continued)

References

Publication type

Addiction Anxiety Emo- IGD Prosocial/ Study summary and

17  Pallavicini and Pepe
(2020)

18 Paulus et al. (2018)

19 Przybylski (2014)

20 Reid Chassiakos et al
(2016)

Research article

Review article

Research article

Review article

tional social behav- Authors’ conclusions
effects iour
* * The introduction of

immersive technologies,
especially virtual reality,
into the gaming market,
has dramatically altered
the traditional concept of
video games. The main
principle findings of this
study are as follows: VR
video games appear to
be effective tools to elicit
positive emotions and to
decrease negative emo-
tions and state anxiety in
individuals

* * * The authors reviewed the
scientific literature on IGD
to provide an overview
focusing on definitions,
symptoms, prevalence, and
aetiology. Developing IGD
requires several interact-
ing internal factors such
as deficient self, mood and
reward regulation, prob-
lems of decision-making,
and external factors such
as deficient family back-
ground and social skills

* * This study explored how
time spent playing elec-
tronic games accounts for
significant variation in
the positive and negative
psychosocial adjustment of
children. The low engage-
ment was associated with
higher life satisfaction and
prosocial behaviour and
lower externalizing and
internalizing problems,
the opposite was found for
high levels of play

* Digital media use has
evidence-based benefits
including opportunities for
social contact, support and
access to health informa-
tion. Risks are a higher
incidence of depression,
exposure to inaccurate/
unsafe content and
contacts and compro-
mised privacy. American
Academy of Pediatrics
Family Media Use Plan is
recommended
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Table 4 (continued)

References Publication type

Addiction Anxiety Emo-
tional
effects

IGD Prosocial/ Study summary and
social behav- Authors’ conclusions
iour

21 Rossi etal. (2018) Research article

22 Schneider et al. (2017)

Review article

23 Stavropoulos et al. (2017)  Research article

24 Steve and Grubb (2018) Review article

*

The authors proposed the
use of VR Games in
the context of sensory
processing disorders treat-
ment (SPD). SPD often
co-occurs with other disor-
ders, e.g. ASD or ADHD.
Therapists reported that
in general, the game had
a positive effect on their
treatments also reported
signs of relaxation,
increased concentration
and changes in behaviour

Familial influences are
known to affect the likeli-
hood of an adolescent
becoming a problem
gamer. This systematic
review examined some of
the key findings in empiri-
cal research on family fac-
tors related to adolescent
problem gaming. Family-
related factors included
parent status, parent—child
relationship, parental influ-
ence on gaming and family
environment

* Internet Addiction (IA)
symptoms in adolescents
were investigated longi-
tudinally. More hostile
adolescents continue to
present higher IA symp-
tom severity, the relation-
ship of MMORPG and
IA symptoms holds over
time and is similar to other
forms of addictions, and
the effect of MMORPG
may differentiate between
individual and classroom
level

This study reviewed of
ADHD to ascertain why
its prevalence continues to
rise in American society.
Children at-risk for IA
tend to fit some of the cri-
teria for ADHD. Increased
rates of ADHD is based on
a linkage of events created
by a lack of parent—child
interactions that lead to an
increase technology use
which develops behaviours
that mimic ADHD-like
traits
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Table 4 (continued)

References

Publication type

Addiction Anxiety Emo- IGD Prosocial/

Study summary and
Authors’ conclusions

25 Turel et al. (2016)

26  Weinstein (2017)

27  Weinstein and Lejoyeux

(2020)

28 Weiss et al. (2011)

Research article

Review article

Review article

Review article

The objective of this study
was to examine possible
associations among grow-
ing problems in adoles-
cents, as a means to point
to plausible interventions.
Videogame addiction
among adolescents was
negatively associated with
sleep duration. Interven-
tions aimed at problem-
atic video-gaming could
improve adolescents’ long-
term cardio-metabolic
health

Adolescents with IGD
have shown an increased
functional connectiv-
ity of several executive
control brain regions that
may related to comor-
bidity with ADHD and
depression. The evidence
supports the behavioural
addiction model of IGD
by showing structural and
functional changes in the
mechanisms of reward and
craving (but not with-
drawal) in IGD

This review summarized
studies on the neurobio-
logical correlates of IGD
and addictive internet use
in adolescents and young
adults. Brain imaging has
shown that IGD shares
neurobiological alterations
that are typical for other
addictions. Comorbidity
studies indicate that execu-
tive control networks in
ADHD may increase the
susceptibility to develop
IGD

The objective of this article
was to review the research
on ADHD as a risk factor
for Internet addiction and
gaming, its complications,
and what research and
methodological questions
remain to be addressed.
Internet and offline gam-
ing overuse and addiction
are serious concerns for
ADHD youth
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Table 4 (continued)

References Publication type

Addiction Anxiety Emo-

IGD Prosocial/ Study summary and
tional social behav- Authors’ conclusions
effects iour

29  Wichstrgm et al. (2019) Research article

* * DSM-5-defined IGD is
already present in some
10-year-olds, with a strong
male preponderance.
Symptoms of IGD are only
marginally associated with
symptoms of other psy-
chiatric disorders and only
predicted by social skills
and emotion regulation
deficits. Low social com-
petence and poor emotion
regulation skills predict
more IGD-symptoms

Wang and Yu 2018; Kim et al. 2020). VR systems are
also recommended as an assessment tool for selective and
sustained attention (Nolin et al. 2016). Besides, training in
3D VEs is expected to improve generalization of acquired
self-regulation skills, executive functions and school per-
formance of students with ADHD (Blume et al. 2017).

3.3 Psychosocial development

Psychosocial development includes emotions, personal-
ity, and interpersonal relationships (i.e. it is related to both
psychological and social development). The most common
worries are about addiction, anxiety, emotional behaviour,
prosocial behaviour, and social skills/isolation (Table 4). It
is worth noting that most research on the impact of VR on
children, both psychologically and socially, was conducted
through video games. Scientific research into the repercus-
sions of VR is related to a brief period of immersion of
a few minutes rather than hours (Madary and Metzinger
2016). Hence, given that in real life children are exposed
to VRTs and playing games for more than a few minutes,
studies should also focus on their effect on children’s psy-
chological development, incorporating results from psychol-
ogy and neurosciences, because younger users are not yet
psychologically and neurophysiologically fully developed.
Several possible risks are associated with long-term immer-
sion such as addiction, manipulation of agency, unnoticed
psychological change, mental illness, e.g. depersonalization/
derealization disorder, and lack of “authenticity” (Madary
and Metzinger 2016). A literature review revealed a cor-
relation between the Internet, VR and gaming with possible
psychological and psychiatric disorders. However, it remains
unclear whether Internet use itself is the causal factor for
increasing symptoms and impairment or simply a reflec-
tion of underlying difficulties (Weiss et al. 2011; Kuss et al.

2017; Steve and Grubb 2018; Paulus et al. 2018; Kaimara
et al. 2020b).

As immersive VR employs HMDs, one research field is
about their safety, usability, acceptability, and impact on
all children, including those with autism (Newbutt et al.
2017, 2020; Malihi et al. 2020). It was decided to study
their association to anxiety and possible effects on people
with ASD, given that anxiety has been proven to be one
of the most common co-occurring psychiatric disorders in
people with ASD (Vasa and Mazurek 2015). In a study of
twenty-nine individuals with ASD, regarding the influence
of VR HMDs, Newbutt et al. (2017) found no evidence of
an anxiety-provoking situation and sensory issues but rather
a “like/dislike” feedback. As the participants wore an HMD
for the first time in their lives, this finding is promising given
that people with ASD resist new experiences and usually
have sensory processing disorders (e.g. lack of attention,
tactile defensiveness/sensitivity, visual/auditory sensitivity,
gravitational insecurity) (Ayres and Tickle 1980; Roley et al.
2007; Davies and Gavin 2007). An equally important finding
is that participants reported high spatial presence, engage-
ment, and ecological validity within the VEs. Most of the
VR interventions are focused on the improvement of daily
living, social, and emotional skills with scenarios that facili-
tate the training of flexibility, identity, construction of social
norms and emotional recognition and the enhancement of
collaboration, and social interaction (Adjorlu et al. 2017,
Mesa-Gresa et al. 2018; Adjorlu and Serafin 2020). Indi-
viduals with ASD face difficulties related to communication
skills such as confusion, anxiety, phobias, and stress when
are exposed to the public area. VR treatments aim to over-
come the feelings of confusion and anxiety in unfamiliar or
crowded environments (agoraphobia), such as public trans-
portation, educational settings, supermarkets through stress
management training (relaxation and breathing control) and
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sensory processing disorders (Adjorlu et al. 2017; Blume
et al. 2017; Rossi et al. 2018). Malihi et al. (2020) argued
that levels of anxiety and negative effects experienced by
children with ASD while wearing HMDs or watching a mon-
itor-displayed video were not significantly different. Con-
trariwise, children with ASD indicated that HMDs improve
spatial presence and realism. Furthermore, children with
ASD reported that HMDs were enjoyable, physically and
visually comfortable, easy to use, and exciting (Newbutt
et al. 2020). Even if children with ASD have a preference for
more expensive and high-tech HMDs, Newbutt et al. (2020)
suggested that low-tech options such as smartphone-based
HMDs could be a suitable tool for relaxing, exploring an
environment just before visiting the real world, and enhanc-
ing learning outcomes. In addition, according to Pallavicini
and Pepe (2020), VR video games appear to be effective
tools to elicit positive emotions and to decrease negative
emotions and state anxiety in individuals. As studies on the
effect of HMDs are at a very early stage and given the indi-
vidual differences more research is needed.

Regarding addiction, most of the research was also
directed to video games. According to the literature, many
questions about the criteria that should be met for the diag-
nosis of “addiction” are raised. The debate over the distinc-
tion between high engagement and addiction has been going
on for many years and according to data, it is still a matter of
interest for researchers. Recently, the American Psychiatric
Association (2013) included diagnostic criteria for Internet
Gaming Disorder (IGD) [published in the appendix (Sec-
tion III) of the Diagnostic and Statistical Manual for Mental
Disorders (DSM-5)]. Nine symptoms were proposed, i.e.
preoccupation, withdrawal symptoms, tolerance, unsuccess-
ful attempts to control, loss of interest in previous hobbies/
entertainments, continued use despite known problems,
deception of others, gaming to escape a negative mood,
and jeopardizing friendships/education/jobs), of which at
least five were needed for a diagnosis of IGD (Wichstrgm
et al. 2019). “Gaming Disorder” (6C51) has recently been
included in the beta version of the International Classifica-
tion of Diseases (ICD-11) of WHO (2018), as well. Some
studies concluded that IGD is associated with changes to the
brain’s reward system and mechanisms of loss of control and
inhibition, and therefore IGD is classified as a behavioural
addiction (Weinstein 2017; Weinstein and Lejoyeux 2020).
Weinstein and Lejoyeux (2020) reviewed studies on the neu-
robiological correlation of addictive Internet use in adoles-
cents and young adults. They concluded that brain research
has shown that IGD shares typical neurobiological structural
changes that are evident in other addictions. Advances in
neuroscience identified addiction as a chronic brain dis-
ease with strong genetic, neurodevelopmental, and socio-
cultural components (Volkow and Morales 2015). Reward
deficiency, reduced impulse control mechanisms, impaired
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decision making, and impulsivity occur in individuals diag-
nosed with IGD. Furthermore, brain structural changes,
mainly reduction in grey-matter volume and white-matter
density are also related to IGD. Comorbidity studies indi-
cate that executive control networks in ADHD may increase
the susceptibility to develop IGD. Adolescents with Internet
addiction had higher ADHD symptoms, depression, social
phobia, and hostility (Yen et al. 2007; Weinstein and Weiz-
man 2012; Weinstein 2017; Weinstein and Lejoyeux 2020).
However, Kuss et al. (2017) have criticized the DSM-5 and
argued that Internet addiction and IGD are not the same and
the differentiation between the two is conceptually signifi-
cant. The neurophysiological underpinnings of VR addiction
may differ from that of Internet use disorder (Madary and
Metzinger 2016). In this context, the field of “problematic
gaming behaviour” (Ménnikko et al. 2015) is recognized by
a lack of standardization, based on different aspects such as
participants’ characteristics, video game genre and diverse
study goals (Palaus et al. 2017; Carbonell 2017).

Concerning high engagement and possibly excessive
gaming, it may be nothing more than a “phase” of gam-
ers, connecting the starting of the game to curiosity and the
quitting to the decreased interest based on several factors
(starting or quitting a game could relate either to personal
reasons, e.g. friends quitted game, or to the game per se,
e.g. disappointment by technical issues) (Alha et al. 2019).
Furthermore, the physiological and measurable withdrawal
symptoms should not be confused with negative emotions as
a consequence of the sudden discontinuation of gameplay.
The tolerance criterion (i.e. gamers’ awareness that although
they need to stop playing and desire to do so, they cannot
stop) has high diagnostic accuracy. Another questionable
criterion is “giving up other alternative activities”. Giving
up alternative activities is either a part of a developmental
process (especially for children) or a symptom of depression
which is often comorbid with addictive use of the Internet
and gaming. The deception/covering up criterion has been
also disputed among the scientific community. If children
tend to hide and not tell the truth about games and time spent
playing to their parents, it is suggesting that this criterion
is an indication of further family relationships and family
schedule management rather than a valid IGD criterion. Par-
ent—child conflict, parental influence on gaming and familial
dysfunctions may influence children’s behaviour and lead
them to media sources for support, comfort and relief, and
therefore facilitate probable addiction (Schneider et al. 2017
Steve and Grubb 2018). Escaping from real-life problems
may be indicative of negative emotional experiences and a
primary problem of depression, anxiety, obesity, ADHD-
like behaviours or other mental disorder, such as aggression,
reduced empathy, lower life satisfaction (Weiss et al. 2011;
Festl et al. 2013; Przybylski 2014; Kuss et al. 2017; Steve
and Grubb 2018; Lavoie et al. 2020).
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The most popular worldwide type of online games is
the Massively Multiplayer Online Role-Playing Games
(MMORPGs). MMORPGs hold thousands of players
simultaneously with no spatial or temporal limitation. At
the same time encourage players to adopt different per-
sonas by their avatars, allowing social interactions and
virtual community building, providing various motives to
players and adapting to the individual needs. Thus, gam-
ers play to achieve goals, to be social and to be immersed.
For these reasons, MMORPGs have been shown to have
a higher addictive potential than other game due to the
motivations of achievement, socializing and escapism
(Kuss et al. 2017). For a minority of gamers, these online
worlds can substitute the social contexts of their real life.
On the other hand, collective games such as MMORPGs
may enhance face-to-face relationships which often extend
friendships to real life, may increase the level of bond-
ing and social interactions in the classroom may provide
an additional communication frame and may reduce the
potential symptoms of Internet addiction (Stavropou-
los et al. 2017). However, the diagnosis of IGD remains
unclear regarding whether or not gamers need to be
engaged online, as IGD typically involves specific Inter-
net games, but can also include offline games (Kuss et al.
2017). Nevertheless, the existing literature considering
gaming addiction indicates that online games may increase
the likelihood of addiction compared to offline games. So
it seems very important to be proved whether the addiction
is due to the Internet and online games or to the dynamics
of gameplay and mechanisms that exist in offline games
as well. Paulus et al. (2018) concluded that IGD develop-
ment often reflects personal, familial, and environmental
risk factors and comorbid conditions. However, accord-
ing to Wichstrgm et al. (2019) symptoms of IGD are only
marginally associated with symptoms of other psychiatric
disorders and are predicted solely by social skills and emo-
tion regulation deficits. Developing IGD requires several
interacting internal factors (e.g. deficient self-regulatory
and decision-making abilities as a consequence of dysex-
ecutive problems, mood and reward system dysregulation,
avoidant behaviour, low self-esteem, poor self-efficacy,
and neurobiological factors such as altered grey matter
volume, functional connectivity, and activation in spe-
cific brain regions), and external factors including famil-
ial, social, and game-related factor (Schneider et al. 2017;
Paulus et al. 2018). Familial issues such as family violence
and poor parental care pose as key risk factors of IGD.
Communication and social interaction which reinforces
meaningful feelings and self-regulation and reduces nega-
tive feelings such as isolation and boredom are important
components of numerous games. Game structural ele-
ments, rewards, punishments, game narrative, immersion,
screen time exposure, and inappropriate content, are some

of the most influential game-related factors. Online and
role-playing games are associated with a higher risk of
addiction than offline games due to their inherent social
reinforcements. Possible explanations between external
factors and IGD are provided by behaviourism learning
theory such as classical and operant conditioning, gratifi-
cations theory and social-cognitive theory (Paulus et al.
2018). As videogame addiction among adolescents was
negatively associated with sleep duration, interventions
aimed at problematic video gaming could improve ado-
lescents’ long-term cardio-metabolic health (Turel et al.
2016).

Lack of social interaction (Standen and Brown 2006) can
also result from isolation due to a computer, specifically
for a group facing a greater degree of social neglect. Iso-
lation is related to beliefs that too much time with digital
devices disconnects children from face-to-face social activi-
ties, family communication and physical activities (Resil-
ient Educator 2020). Concerning hardware in educational
settings, general and/or special education, it is challenging
to examine whether desktop or specialized devices, such as
smartphones, tablets, glasses, gloves, vests, gesture track-
ing, haptic devices, controllers stereoscopic, and HMDs are
better suited for students (Kaimara et al. 2019b). One of
the desktop advantages is the public nature of the screen
that allows interactions between learners and tutor/educator
or peers (Standen and Brown 2006). Furthermore, desktops
are more affordable and even though lack full immersion
capabilities, they are still popular and beyond their multi-
tasking are cheaper than other types of VR systems (Carter
2012). Indeed, however, the conclusions of these researches
are quite old and it should be noted that immersive tech-
nologies are constantly becoming more accessible, cheaper,
available and easier to use and are supported by the so-called
smartphone-based devices. Moreover, the increased ubiqui-
tous ownership of PSDs has led researchers to investigate
the impact of “bring your own device approach” (BYOD) to
mobile enhanced learning (McLean 2016). Thus, the ben-
efits of the desktop systems associated with creating a posi-
tive collaborative classroom climate and their affordability
are re-examined. Collaborative learning is more encouraged
while students use PSDs and share common experiences,
especially with augmented reality applications, than if they
are sitting in front of the desktop. Digital media increased
opportunities for social contact and support (Reid Chassia-
kos et al. 2016). Children and adolescents who played games
less than one hour a day presented higher levels of proso-
cial behaviour (i.e. actions beneficial to others e.g. helping,
sharing, donating, collaborating, and volunteering), life sat-
isfaction, and lower levels of negative effects such as hyper-
activity, peer problems, emotional difficulties as well as
sleep disorders (Granic et al. 2014; Przybylski 2014; Turel
et al. 2016; Kardefelt-Winther 2017). Conversely, children
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who spent more than half of their daily free time on games
appeared some negative behaviour. Lobel et al. (2017) stud-
ying the effect of video games on children’s psychosocial
well-being, concluded that only frequent competitive gaming
(i.e. approximately 8 h or more per week) may be a risk fac-
tor for decreasing prosocial behaviour. Regarding the train-
ing of children and adolescents with ASD, VR has emerged
as an effective tool for improving emotional and/or social
skills, including emotion recognition, collaboration, and
social interaction tasks (Newbutt et al. 2017; Mesa-Gresa
et al. 2018).

4 Summary and recommendations

The impact of VRTs and gaming on children’s overall devel-
opment remain the focus of scientific debate. Approaching
the issue is a difficult task and a complex long-term multi-
factorial process. A key research problem related to ethical
issues and concerns arising from the use of cutting-edge
technologies by children is related to the bioethics of human
research. Aside from the general ethical issues of consent,
awareness and information, adequate understanding and con-
fidentiality, a major worry concerns potentially harmful con-
sequences (Neill 2005). Therefore, experiments involving
children are difficult to conduct and when are carried out last
a few minutes. The majority of neuropsychological studies
using VRTs have dealt with adults while empirical studies
with children and adolescents are relatively rare (Nolin et al.
2016; Bailey and Bailenson 2017; Kenwright 2018). Thus,
the results obtained are disputable. The impact of VRTs on
children is not necessarily linear but can be explained by a
curved relationship between well-being, content, individual
differences, screen time, type of digital activity, and devices
(Przybylski and Weinstein 2017). In this context, the authors
examined the issue through a general mapping of trends
across the three domains of children development: physi-
cal, cognitive and psychosocial.

In the domain of physical development, major topics of
research comprise cybersickness, obesity, cardio-metabolic
deficiencies, and sleep disorders. The general finding of
these areas of physical development is interdependent and
often the impact of VRTS and gaming in one area can affect
the other. There is often a vicious cycle as, when children are
engaged in an interesting game with great immersion, there
is a risk of obesity, due to unhealthy eating habits and lack
of physical activity. Obesity can lead to sleep disorders, but
also sleep disorders due to blue light and low melatonin lev-
els can lead to obesity with possible cardio-metabolic defi-
ciencies factors (Calvert et al. 2013; Tosini et al. 2016; Turel
et al. 2016, 2017; Fuller et al. 2017; Kenney and Gortmaker
2017; Cappuccio and Miller 2017; Gheller et al. 2019). Lim-
iting screen time in children and adolescents from one to two
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hours before bedtime and, at the same time, using protective
equipment, such as glasses that block blue light, can prevent
sleep disorders and consequently their associated problems
(Gottschalk 2019; Boyd 2020).

Cybersickness is another important aspect of research.
Symptoms such as nausea and disorientation are very com-
mon but without having long-term effects (Tosini et al.
2016). As further research is required to assess the duration
of cybersickness symptoms, it is suggested that the most
effective method of recovering seems to be the limited use
(about 15 min) with satisfactory breaks between sessions
(UK Department for Business Energy & Industrial Strategy
2020).

Visual disturbance and fatigue caused by viewing VR
content on HMD are due to vergence-accommodation con-
flict. Performing an oculomotor exercise, immediately before
watching VR content on HMD have beneficial effects on
ocular muscle and cranial nerve function and also is con-
sidered a successful way to relieve cybersickness (Park
et al. 2017). Gotsis (as cited in Gent, 2016) argued that
while children may not understand how to communicate
their eye-related problems and may not have the reflexes
to remove HMDs if they find them uncomfortable, it does
not necessarily mean that VR is not safe for children. Con-
versely, children’s inability to focus within HMDs may have
diagnostic value. Similarly, screen time exposure is linked
to increased risks and concerns (Gent 2016; Boyd 2020;
Wong et al. 2020; Tychsen and Foeller 2020). In 2018, the
American Academy of Ophthalmology (2018) concluded
that the increasing prevalence of myopia worldwide is asso-
ciated with almost all activities performed close to eyes, not
only screen-related works but also reading traditional books.
American Academy of Ophthalmology (2020) suggests the
20-20-20 rule for preventing and relieving digital eyestrain,
that is 20-s break every 20 min by looking 20 feet away, dur-
ing extended reading, writing or other intensive near work
that may also cause eyestrain (Boyd 2020).

Although investigation regarding cybersickness and eye-
strain so far seems to be comforting (Park et al. 2017; Wong
et al. 2020; Tychsen and Foeller 2020), there are general
concerns due to the limited up to date research for long-
term results (Gent 2016). For these reasons, many immersive
media hardware companies have specified that their products
are not permitted for children under age 12 (Sony Interactive
Entertainment 2020) or 13 (Oculus 2018; Samsung 2020)
and older children should not use their products without
adult supervision (HTC 2019; Sobel 2019).

The second aspect of indivisible child development refers
to cognition. Areas studied are attention, learning in general,
spatial cognition and general cognition. Although the results
for the use of VRTS and games in education are very prom-
ising (Gee 2008; de Freitas and Liarokapis 2011; Girard
et al. 2013; Granic et al. 2014; Boyle et al. 2016; de Freitas
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2018; Erhel and Jamet 2019; Fokides and Chachlaki 2020),
there are no positive outcomes to respect to specific com-
ponents of cognition (Mayer 2019; Kaimara et al. 2019a;
Parong and Mayer 2020). This conclusion is probably due to
the lack of focused applications on a single cognitive skill.
However, the results of research to improve attention are
particularly encouraging. Studies have focused on children
with ADHD, as they are a population characterized by dis-
organization, and/or hyperactivity-impulsivity directly asso-
ciated with limited attention and distraction. There is clear
evidence that VRTs and video games can assist children to
focus on the purpose of the designed intervention (Cho et al.
2004; Blume et al. 2017; Kim et al. 2020).

Another major concern is related to the confusion that
children may have with mixing the virtual with the real
world and the potential dangers posed by this confusion. The
confusion caused by VEs, as well as any children’s activ-
ity incorporates imaginary worlds that often lead them to
identify with the avatars or heroes (cf., fairy tales, legends,
customs, etc.) confirms that different forms of media may
manipulate the human experience and adults’ role is crucial
to help children understand the difference between fantasy
and reality (Standen and Brown 2006; Segovia and Bailen-
son 2009; Bailey and Bailenson 2017; Sobel 2019). Though
the American Academy of Pediatrics recognizes the poten-
tial benefit of mobile/interactive technologies for children
especially through well-designed educational materials, it
continues to express concerns about their overuse during
this crucial period of rapid brain development (American
Academy of Pediatrics 2016b, p. 1).

The third direction of the current review focuses on the
effects of VRTs and games on psychosocial development.
Most frequently reported mental health challenges and con-
cerns extend to areas such as anxiety, addiction, and social
isolation. Much of the study regarding anxiety involved chil-
dren with ASD. Anxiety is a common feature of children
with ASD. While one would expect children with ASD to
experience high levels of stress especially during the use of
HMDs and due to sensory processing disorders, nevertheless
the children reported high spatial presence and engagement.
The devices were also described as enjoyable, natural and
visually comfortable, easy to use and exciting (Adjorlu et al.
2017; Newbutt et al. 2020). On the other hand, HMDs may
not be tolerated by all individual with ASD, so general safety
concerns continue, supervised use is required and limited
access to such devices until larger studies demonstrate their
safety (Dixon et al. 2019).

In terms of addiction, the field is blurred. Although
criteria for gaming addiction have recently been identi-
fied by the American Psychiatric Association (2013) and
WHO (2018), the problematic gaming behaviour has not
been clarified whether it is due to gambling, the Internet or
gaming technology (Ménnikko et al. 2015; Weinstein 2017,

Kuss et al. 2017). Additionally, there is a lack of standardiza-
tion for participants’ characteristics, video game genre and
diverse study goals (Palaus et al. 2017). Though researchers
approaching the issue of gaming addiction concluded that
many children resort to gaming for consolation, as no one
in the family deals with them (Young 2009; Schneider et al.
2017; Steve and Grubb 2018), from a wide range of possible
predictive causal factors examined, only low social compe-
tence and poor emotion regulation skills predict IGD-symp-
toms (Wichstrgm et al. 2019). However, family dysfunction
related to parents’ socioeconomic status and mental health,
conflicting and abusive parent—child relationships, parental
influence on gaming, household composition, and escape
from family problems could make it easier for addiction and
IGD to develop (Schneider et al. 2017). According to Festl
et al (2013), to answer the question of whether extensive
gaming leads to problematic behaviour or whether individu-
als with an impulse control disorder tend to engage in many
forms of excessive behaviour, including intensive gaming
more longitudinal data are needed.

On the other hand, games can facilitate children collabo-
ration and prosocial behaviours, especially in times of social
distancing. Currently, due to the COVID-19 pandemic, most
countries have chosen social distancing as a solution to
suppress the viral spread, which has led to social isolation.
World Health Organization (2020) has supported the gam-
ing industry’s online social media campaign (#PlayApart-
Together) for socializing, relaxation and stress reduction.
MMORPGS can improve social interaction and thus elimi-
nate social isolation (World Health Organization 2020). In
VR communities, decisions need to be made quickly about
whom to trust, whom to reject, and how to most effectively
lead a group. Granic et al (2014) argued that gamers are
rapidly acquiring social skills and prosocial behaviour that
might generalize to their peer and family relations outside
the gaming environment. The increased online gaming has
been perceived as complementary to public health efforts to
promote social distancing during the #Stay AtHome period,
to support physical and psychological well-being and to
encourage social interaction and collaboration, as gaming
is not necessarily problematic and reduces loneliness. How-
ever, it is suggested that video games must incorporate mes-
sages about SARS-CoV-2 prevention guidelines combined
with mental health information (#HealthyAtHome). A bal-
anced screen time exposure and gaming are strongly recom-
mended to prevent addiction and IGD when the COVID-19
crisis has passed (King et al. 2020).

For ethical issues, it is strongly suggested a healthy
Family Media Use Plan that is individualized for a specific
child, teenager and family, accordingly to each child’s age,
health, temperament and developmental stage and focused
on appropriate balance between screen time/online time and
other (Reid Chassiakos et al. 2016; American Academy of
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Pediatrics 2019). Overall, the most harmful to children’s
health and well-being, on the evidence to date, is not related
to VRTs and games but to screen exposure time. Hence, the
exposure of children and adolescents to screens should be
subject to parental control (Viner et al. 2019).

The Organisation for Economic Co-operation and Devel-
opment (OECD) (Gottschalk 2019, p.13) stated that “shock
headlines touting total restructuring of children’s mind as a
result of technology use are not based on empirical evidence
and are inaccurate”. Indeed, the majority of concerns about
video games being played by children have been voiced by
professionals in news agencies and parent magazines (Tych-
sen and Foeller 2020). Indicative headlines such as “Video
games are as addictive as crack cocaine or gambling to some
players, warns WHO”, confuse, mislead and even terrorise
parents and teachers. The popular scientific claim that time
spent on digital technology could make children addicted is
a misrepresentation of existing knowledge (Kardefelt-Win-
ther 2017). It is a moral imperative for those who shape and
influence public opinion, instead of pompous statements that
target, accuse and stigmatize games, and link them to drug
use, to ensure more research based on scientific evidence.

5 Implications, limitations and future
research

The literature review so far has found that both systematic
reviews and empirical researches usually focused on a sin-
gle domain of development, whether physical, cognitive or
psychosocial. The objectives of this paper were to provide
an overview of the impact of VRTs and games on children’s
overall development. Thus, the categorization of impacts
into physical, cognitive and psychosocial domains is one
of the paper’s contributions. However, there are limitations
to this work that have to be acknowledged. The above limi-
tations can function as guidelines for future research. The
first limitation relates to the ethics of research on children.
Thus, a few studies provide empirical data with children
and usually with a small number of subjects of different
ages. These results elicit generalization problems. Another
limitation of the research, even by observations and records,
is related to the lack of long-term and longitudinal conclu-
sions from exposure to this contemporary technology, as
it is very recent. A third limitation of this review is that it
did not extend to video game content. The study encom-
passes technical issues of both the technology (cf., immer-
sion, imagination, involvement, etc.) and games structural
features (cf., rules, competition, gameplay, etc.). For these
reasons, future research will include content issues such as
violence, bullying, cyberbullying, and antisocial behaviour
and their impact on children emotional development. For
these reasons, future research will include content issues
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such as violence, bullying, cyberbullying and antisocial
behaviour and their impact on children’s emotional develop-
ment. It is also important to conduct a new systematic litera-
ture review on the effects of long-term exposure to screens,
compulsory distance education and the amount of time spent
playing games due to the prolonged quarantine caused by the
COVID-19 pandemic.

6 Conclusion

The purpose of the current review was to provide the
background and state-of-the-art research regarding chil-
dren safety during and after VRTs use and to highlight
the significance and necessity of ongoing surveys in this
field as technology evolves. VRTs influence children’s
physical, cognitive and psychosocial development at dif-
ferent ages and stages. The effects could be either positive
or negative. Of the 85 studies analysed, 28 relate to the
physical domain, 38 to cognitive development and 29 to
psychosocial development, while 5 of them refer to two
developmental domains and 1 to all three domains. The
majority of researchers agree that prominent concerns
arise from the overuse of screens and HMDs. More spe-
cifically, regarding the physical domain, worries refer to
cybersickness, the prevalence of visual symptoms, obe-
sity and sleep disorders. Blue light induces photorecep-
tor damage and affects the circadian system. The chronic
disruption of one of the most basic circadian rhythms leads
to a vicious circle between sleep disorders and unhealthy
behaviours. Poor nutritional habits in combination with
reduced physical activity cause obesity and long-term car-
dio-metabolic deficiencies. Concerning cognitive devel-
opment, only positive or neutral effects were observed.
The contribution of VR applications to the education and
support of children with ASD and/or ADHD is signifi-
cant. Regardless of the effectiveness of current VR appli-
cations, this technology seems to be very promising with
academics and professionals developing more and more
targeted tasks. The greatest concern was identified in the
psychosocial domain. The combination of the unique com-
ponents of VRTs and games structural elements has a key
role to play. Children are increasingly involved in virtual
worlds, with both the World Health Organization and
the International Classification of Diseases provide risk
warnings about possible gaming-related addictions and
problem behaviours. However, it has not yet been clari-
fied whether these behaviours are caused by the Internet,
VRTs or gaming technology. Nevertheless, even researches
that conclude the adverse effects of VRTs and games on
children connect these findings to unrestricted and unsu-
pervised use. Thorough long-term research is needed for
safe conclusions, as new technology, in terms of software
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and hardware, is constantly emerging. Ethical issues which
arise can be resolved when potential users, parents, chil-
dren, and teachers understand exactly what VRTs are and
what they can achieve. Therefore, academic communities
ought to investigate and offer evidence-based responses to
parents, teachers and healthcare personnel concerns about
the proper or harmful use of technology by children.
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