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Abstract: Since the first time the term “Virtual Reality” (VR) has been used back in the 60s, VR has
evolved in different manners becoming more and more similar to the real world. Two different kinds of
VR can be identified: non-immersive and immersive. The former is a computer-based environment that
can simulate places in the real or imagined worlds; the latter takes the idea even further by giving the
perception of being physically present in the non-physical world. While non-immersive VR can be based
on a standard computer, immersive VR is still evolving as the needed devices are becoming more user
friendly and economically accessible. In the past, there was a major difficulty about using equipment
such as a helmet with goggles, while now new devices are being developed to make usability better for
the user. VR, which is based on three basic principles: Immersion, Interaction, and User involvement
with the environment and narrative, offers a very high potential in education by making learning more
motivating and engaging. Up to now, the use of immersive-VR in educational games has been limited
due to high prices of the devices and their limited usability. Now new tools like the commercial “Oculus
Rift”, make it possible to access immersive-VR in lots of educational situations. This paper reports a
survey on the scientific literature on the advantages and potentials in the use of Immersive Virtual
Reality in Education in the last two years (2013-2014). It shows how VR in general, and immersive VR
in particular, has been used mostly for adult training in special situations or for university students. It
then focuses on the possible advantages and drawbacks of its use in education with reference to
different classes of users like children and some kinds of cognitive disabilities (with particular reference
to the Down syndrome). It concludes outlining strategies that could be carried out to verify these ideas.
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. INTRODUCTION

In the online oxford dictionary, Virtual Reality (VR) is defined as a ““... computer-generated
simulation of a three-dimensional image or environment that can be interacted with in a seemingly real
or physical way by a person using special electronic equipment, such as a helmet with a screen inside
or gloves fitted with sensors”.

The term has first been used back in the 60s, even if its roots date back to the 19" Century
when the first 360 degree art through panoramic murals began to appear. Nearly one hundred years
later, a mechanical device, the Sensorama [57], engaged multiple senses to create an immersive VR.
The system provided a multisensory experience of riding a motorcycle, including three-dimensional,
full colour film together with sounds, smells, and the feeling of motion, as well as the sensation of
wind on the viewer’s face.

Since then, VR has evolved in several manners becoming more and more similar to the real
world. ICT and VR have become strictly interconnected as computing power increases, and Human
Computer interfaces become more and more complete and adaptive.

In VR, a concept that is frequently mentioned is “immersion” [1]. Jennett et al. [2] well define
the general concept of immersion in games as the involvement in the play, which causes lack of
awareness of time and of the real world, as well as a sense of “being” in the task environment. When
referred to VR, “immersion” is usually used with the more restricted meaning of “spatial immersion”.
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Spatial immersion into virtual reality is a perception of being physically present in a non-
physical world. The perception is created by surrounding the user of the VR system with images,
sound or other stimuli that provide a very absorbing environment. Spatial immersion occurs when a
player feels the simulated world is perceptually convincing, it looks “authentic” and “real” and the
player feels that he or she actually is “there”.

Even if immersion seems to be a crucial element for VR, as Robertson et al. [3] say, VR can
also be non-immersive when it “places the user in a 3D environment that can be directly manipulated,
but it does so with a conventional graphics workstation using a monitor, a keyboard, and a mouse”. In
this study, we focus on immersive VR since it is only with immersion that VR can reach all its
potentialities.

Among the tools supporting immersive VR approach there are the Cave Automatic Virtual
Environments (CAVE), where the user is in a room where all the walls, as well as the floor, are
projection screens (or flat displays). The user, who can wear 3D glasses, feels floating in the projected
world where he can move around freely. CAVE environments are still rather expensive, they need to
have a specific space dedicated to them and they cannot be moved easily. All these characteristics
make it difficult for them to have a widely spread use in education and training. As an example,
CAVE technology is particularly used in Cultural Heritage education [4].

VR glasses or other sorts of Head Mounted Displays (HMD), often used with headphones, can
easily produce the visceral feeling of actually being in the simulated world. For a complete immersion
in a virtual world, all our five senses should be involved. Nevertheless, most VR environments today
do not actually address all of them but usually focus on two: sight and hearing. In particular, according
to Classen “Sight is held to be the most important of the senses and the sense most closely allied with
reason” [5].

In the past, there were major difficulties in using HMDs or similar technologies. On the one
hand, these technological devices were not very widely spread and were usually very expensive. On
the other hand, their characteristics were such that they could often cause a feeling of aversion to their
users due to mismatch between the movements of the head and the corresponding change in the scene.
Now, the commercial product Oculus Rift offers a good virtual simulation at an accessible price while
other affordable products are under investigation [6], making the use of such systems more feasible
also in the fields of education and training. Furthermore, technology can now offer systems with low-
latency and precise tracking of movements that make usability better for the user and manage to
achieve his visceral reaction.

VR, in general, is widely used in the fields of education and training due to its potentials is
stimulating interactivity [7] and motivation [8][9]. Furthermore, it offers an ideal manner to approach,
study and remember new knowledge for all those who prefer a visual, auditory or kinaesthetic learning
style [10].

1. OUR SURVEY

This paper reports a survey on the literature on the advantages and potentials of the use of
Immersive Virtual Reality in Education in the last two years (2013-14).

The search has been made on three different search strings: “Immersive Virtual Reality
Education”, “Oculus Rift Education” and “Head Mounted Display Education”. The first string,
“Immersive Virtual Reality Education”, gave us an idea of the general use of Immersive VR in
education, including also the CAVE-based approaches. We then tried to focus on VR glasses, with
particular attention to Oculus Rift because we believe it to be an extremely interesting device due to its
limited costs and great transportability. However, the search specifically focused on the Oculus Device
gave nearly no results at all, so we decided to widen the search by replacing “Oculus Rift” with “Head
Mounted Display”. The results are interesting and will be discussed later on, although the search has
also provided some solutions, which are more in the field of Augmented Reality [58] (AR) rather than
VR.

After examining the following databases: Web of Knowledge, Google Scholar, and Scopus, an
in-depth exploration of the field was carried out by referring to the Scopus results.

As far as the search on “Immersive Virtual Reality Education” is concerned, the number of
published papers decreases with the years: 54 in 2013, 37 in 2014 and 2 in 2015. This is probably
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because the search has been made at the end of 2014. Two papers have not yet been published but are
due in 2015. Several works in 2014 have probably not yet been uploaded on the databases.

Figure 1 shows that a large number of the 93 papers have been written in the United States and in the
United Kingdom. None of the other nations has more than 10 papers in the whole period considered.
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Figure 1. “Immersive Virtual Reality Education” - number of papers per country of publication

Figure 2 reports the distribution of the selected papers in different subject areas. The Scopus
database reports a majority of papers in the Computer Science area: more than 60%. Many papers refer
to more than one subject area, and Computer Science has been added to a large percentage of them
since all the reported works refer to computer based programs or environments.

Nevertheless, when actually reading the papers, a significant number is related to medical
area. In the following graphics, in fact, we can see nearly 12% related to medicine, but then there is
another 3.2% in neuroscience, 3.2% in nurse training. Furthermore, another 5% is represented in the
“Other” section referring to psychology, dentistry, health professions, etc.
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Figure 2. “Immersive Virtual Reality Education” - number of papers per subject area

Engineering (26.9%)

The search on “Oculus Rift Education” only found three papers. One of the paper refers only
to the engineering subject area, while the other two both refer to Computer Science and one other
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subject (mathematics and social science). Due to the very small number of results, we did not analyse
this data from any other point of view. The very limited output of our search is probably because
Oculus Rift is a commercial product that has only been on the market for a very short time.

“Head Mounted Display Education” produced only 18 results, 10 referred to 2013 and 8 to
2014. As stated earlier, since several papers published in 2014 may not have been introduced into the
database yet, the numbers show that there is probably a slight increase in publications with time.

As shown in Figure 3, most papers have been published in the United States, and a relevant
number in Germany. It has to be noticed that there are no papers at all in the UK. This is rathetr
interesting since in the previous search, the United Kingdom showed a relevant interest in Immersive
Virtual Reality, while the same search gave no results for Germany.
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Figure 3. “Head Mounted Display Education” - number of papers per country of publication

Looking at Figure 4, the most common subject is Computer Science, and a significant number
of papers referring to the medical subjects has been found: adding the ones that appear also under
different subject areas, more than 22% of the selectyed papers were somehow related to medical
issues.
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. DISCUSSION OF THE RESULTS
3.1 Target Population Addressed

The reading the selected papers, showed that a relevant number of them refers to university or
pre- university learning, with particular attention to the teaching of scientific subjects (physics,
astronomy, chemistry, etc.). Several examples of such applications will be reported further on in this
paper.

Another area in which VR appears to be widely used is adult training. This is particularly true
in some specific areas, as it will be described later on. VR and AR offer the possibility to move safely
around dangerous places, learning to cope with our emotions while experimenting the best solutions
while far away from the real dangers.

There is very little referred to younger elementary students; we only found a paper about a
project for teaching science to children between the age of 10 and 12 [11], one about a Virtual Art
museum also aimed at children [12]. One reason for the very limited use of VR with younger children
is probably because they are still growing and 3D vision, as well as hand-eye coordination and balance
are still under development. As a matter of facts, the Oculus Rift “health and safety warnings” include
a recommendation according to which children under 13 should not use the device.

As far as disabled are concerned, few studies have been found. Standen et al. [13] conducted
an interesting review on the use of VR for the rehabilitation of people with intellectual disabilities,
dating back to 2005. According to our search, very little seems to have been done since then.
Matsentidou and Poullis [14] investigate the use of a CAVE based system for the education of children
with mild autism while Dimitropoulou’s paper reviews the use of technological applications for the
education of children with autism, also providing a set of examples [15]. An augmented reality system
uses a HMD to train developmentally disabled people to serve food in a restaurant [16].

As far as other disabilities are concerned, we only found one paper about an application aimed
at hearing impaired students in a science lab where the use of smart glasses for augmented reality
allows them to see explanations in sign language without having to move their heads from the ongoing
experiment [17].

3.2 Areas Addressed

Most of the selected papers refer to the area of education; they report on specific applications
that have been implemented with a specific educational or training objective. These can be divided
into two main groups: those aimed at adult vocational training and those that refer to high school and
university education.

VR is often used in vocational training aimed at adult workers in all those areas in which the
real situation may not be employed for practice due to lack of access to it or because it is highly
dangerous. Examples are an immersive learning environment to teach the US army soldiers basic
corrosion prevention and control knowledge [18] and a CAVE based system for teaching Mandarin
[19]. Other papers analyse the impact on learners of training while immerse in an authentic
environment, for example, Bastiaens et al. [20] report several VR based experiments made in training
situations for supply chain workers using different devices. Rahimian at al. [21] reports the use of VR
for the professional training of Architecture Engineering Construction specialists.

At high school level, not many experiences have been reported. We found some solutions that
use a HMD, e.g. a system to help teachers in class management [22] or a haptic-augmented simulation
in physics [23]. A 3D interactive virtual chemistry lab is also reported [24].

Many papers refer to university level education; here we are going to report some of them just
to give a feeling of the ongoing activities. In a university Chinese class, the traditional projector has
been replaced with HMDs increasing motivation and control of the students over the lesson [25]. An
intelligent learning environment has been developed and experimented in several subjects of a
Computer Science degree [26]. A VR immersive environment is reported in support of the design of
architectural spatial experiences [27]. A VR system populated with avatars offers a training place for
interpreting students [28]. A VR application visually represents neutrino data, aimed at both students
and researchers [29] while another VR system based on CAVE system offers the possibility to
experiment the effects of relativity [30].
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Referring to both university education and adult training, the results show a significant
percentage of papers reporting applications in the medical fields. Here, VR has been widely used at
very different levels. Starting from the nurse education in a collaborative immersive system [31],
medical training in a virtual hospital [32], medical professional training [33], a simulated caries
removal exercise dental students [34], a surgical education system that uses a HMD and finger
tracking to show the practitioners the exact movements of the expert’s fingers during surgery [35]. A
survey on the use of VR in medical training and education reports the use of VR in support of
communication between medical staff, surgical simulations, pain management, several kinds of
therapies and rehabilitation interventions [36]. Furthermore, VR is also used for directly on the
patients both for educational purposes (e.g. an adult’s oral hygiene education [37] or general health
knowledge for adult healthcare training [38]) and for rehabilitation purposes (e.g. a VR based therapy
for vestibular problems [39] or breathing exercises for people with Chronic Obstructive Pulmonary
Disease [40]). Moreover, VR can also foster the doctor-patient communication while supporting
remote monitoring [41].

Some of the selected papers are related to research activities referred to computer science and
in particular VR devices, tools and solutions. The feeling of being somewhere real when you are in VR
is well known to researchers, and is referred to as “presence,” [42] and it most distinguishes VR from
3D on a screen [43]. The technical requirements that the VR devices need to have in order to generate
the immersive effect have been analysed by Abrash [44]. A study on the perception of the environment
while using a HMD with AR suggests that the real environment is not perceived well and there are
social issues due to the technology worn on the body, but the system seems to enhance a better
orientation ability and spatial awareness [45]. Other papers are related to CAVE based environments:
Kenyon presents a new high resolution CAVE [46] while Leigh et al. describe a cylinder based CAVE
[47]. Nan et al. study an alternative interface based on hand movement to be used in a CAVE system
for design [48].

Results show also that VR can play a significant role in research activities, giving the
possibility to visualize and simulate events that are not perceivable in real life. In medical research,
VR allows not only the visualization, but also the possibility to move through neural tissue [49]. A
CAVE VR system used for the visualization of the magnetic fields in the solar system [50]. A study
shows how reducing a person's height resulted in more negative views of the self in comparison with
other people and increased levels of paranoia [S1] and another demonstrated how the perception of out
body changes the way we play drums [52].

3.3 Motivations For The Use Of VR

From the reading of the papers, as we have seen, we argue that the main motivation for VR
use is that it gives the opportunity to live and experiment those situations that “cannot be accessed
physically”.

This limit may be due to different kinds of reasons:

* Time problems: travelling in time allows students to experiment different historical
periods [53].

» Physical inaccessibility: e.g. exploring the solar system by freely moving around
planets [54].

» Limits due to a dangerous situation: for example training fire fighters on the decision
making process in a situation in which the physical and psychological stresses are
analogous to live firefighting situations [55].

+ Ethic problems: for example, performing a serious surgery by non-experts as is the
case with neurosurgery [56].

V. CONCLUSIONS

A literature review has been conducted about the use of Immersive VR and HMD in
education. Immersive VR can offer great advantages for learning: it allows a direct feeling of objects
and events that are physically out of our reach, it supports training in a safe environment avoiding
potential real dangers and, thanks to the game approach, it increases the learner’s involvement and
motivation while widening the range of learning styles supported. Results show how most papers
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report experiments in high education or adult training. Very little has been reported on younger
children and in the field of disability.

Since immersive VR can interfere with the cognitive and physical development of children, its
use with this audience has to be limited. We did not find any paper reporting experiments with
children under the age of 10, and only a few between 10 and 17. Starting from middle school, VR
could actually give some advantages by allowing a physical exploration of objects that are not
accessible in reality, helping the learners to understand and memorize them better. Nevertheless, the
constant presence of a teacher to mediate and regulate the use of the VR tools is needed and the VR
system should be used only for limited span of time. Experiments could be carried out to verify these
hypotheses.

Disabled people represent a population where immersive VR can really make the difference,
especially now that the first affordable HMDs have appeared on the market. In particular,
intellectually impaired people can really take advantage of such an approach. Learning in a virtual
environment that reproduces the real one can minimize the problems related to learning transfer. As
Standen et al. [13] state, learning transfer seems not to be a problem in the experiences reported.
However, an extensive study to verify whether the transfer is actually easier with an immersive VR
approach compared to traditional ones is not yet available.
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