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ABSTRACT: Developments in Virtual Reality (VR) technology are currently arousing great scientific interest be-
cause in just a few years, VR has found its niche not only in the specialised public, but also in society in general and
in different contexts, thanks to its many uses in different contexts and the decreasing price of VR viewing devices.
To many, this technology may appear to be a novelty of the 215 century, but its origins go back several decades. Tak-
ing into account these aspects, this article aims to analyse the past and present of VR from two perspectives: one fo-
cused on its technological development and one on its conceptual evolution. This historical overview, in turn, will
allow us to address the future applications of VR in different disciplines. The study provides the reader with an in-
depth analysis of VR that will contribute to the understanding of this technology and its uses.
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RESUMEN: Pasado, presente y futuro de la Realidad Virtual: analisis a partir de las variables tecnologica y de
definicion del término.- Hoy en dia todo lo relacionado con la Realidad Virtual (RV) despierta un gran interés
cientifico. Tal es asi que en pocos afios ha conseguido hacerse un hueco no solo entre el publico especializado,
sino también entre la sociedad en general, ya que, sus aplicaciones son muchas y en diferentes contextos. Este
hecho ha sido posible en gran medida gracias al imparable desarrollo tecnologico y al abaratamiento de los dispo-
sitivos de visualizacion. Pareceria, por tanto, que esta tecnologia es una novedad del sigo XXI, pero lo cierto es
que sus origenes se remontan varias décadas en el pasado. Teniendo en cuenta estos aspectos, este articulo tiene
como objetivo analizar el pasado y el presente de la RV desde una doble perspectiva: la que tiene que ver, por una
parte, con su desarrollo tecnologico y, por otra, con la definicion del término. Dicho recorrido historico, a su vez,
permitira abordar las perspectivas de futuro de la RV desde el punto de vista de sus aplicaciones dentro de diferen-
tes disciplinas. Todo ello dotara al lector de una visioén en profundidad acerca de la tecnologia de la RV que servi-
ré4 para comprender.

PALABRAS CLAVE: RV; HMD; Gafas de RV; Historia; Tecnologia; Aplicaciones; Entornos virtuales.
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INTRODUCTION

On 21 February 2016, Mark Zuckerberg took the
stage at the Mobile World Congress in Barcelona to talk
about Virtual Reality (VR). The image of the founder of
Facebook walking down the aisle surrounded by more
than 10,000 people while wearing a VR headset went
around the world, reflecting the growing importance of
this technology, which has quickly found its niche in the
market, including the non-specialised public, and has
made tech companies to compete to lead the production
of these devices.

From the technological point of view, the main inno-
vation introduced by VR has to do with the possibility of
“immersion”; that is, of “entering” into the narrative
through the creation of a virtual world. However, this
possibility is not new. VR is a consequence of the succes-
sion of technological advances, much of which are linked
to cinema and the search for new simulation techniques.
To be precise, the first VR experiences started in the
1960s, when Morton Heilig and Ivan Sutherland devel-
oped the first devices capable of creating the illusion of
three-dimensionality. Several decades later, tech compa-
nies set their sights on VR once again, challenging its
perception as a “fad” and consolidating its development
and sales within the technological market, thanks to its
many applications.

Based on a systematic literature review of the origins
and development of VR, this study aims to delve into its
technological evolution, which in turn will allow us to ap-
proach the evolution of its definition and identify its fu-
ture applications.

METHODS

From the methodological point of view, this study is
based on a systematic review of the scientific works pub-
lished about this object of study. This review of documen-
tary sources has allowed us to achieve the following re-
search objectives:

1 Analyse the historical evolution of VR in concep-
tual terms.

2 Analyse the historical evolution of VR in techno-
logical terms.

3 Identify the possible applications of VR across dif-
ferent fields of knowledge.

CONCEPTUAL APPROXIMATION:
REFERENCES IN LITERATURE, EMERGENCE
OF THE TERM AND PROPOSED DEFINITIONS

Roman Gubern points out that Alice s Adventures in
Wonderland (1865) is “the first mythical and fabulist
formulation of the VR project” (Gubern, 1996 p, 161).
Specifically, the author refers to the last passage of Car-
roll’s original novel, when Alice’s sister dreams of the
same world and the same characters Alice just dreamt
of, as if her sister “had entered the same virtual scenario

that she (Alice) just left” (Gubern, 1996:161). This
scene, which proposes the “permanence of virtual sce-
narios”, Gubern continues, “anticipated something that
engineers would eventually build with computer tools a
century later” (1996:161). Although, seventy years be-
fore Carroll, Stanley Weinbaum had already anticipated
a VR system in Pygmalion’s Spectacles (1935), a short
science fiction story whose main character meets an in-
ventor —Professor Ludwig— who has developed a visu-
alisation system that allows the user to interact with a
fictional world through all the senses (Rubio-Tamayo
and Gértrudix, 2016).

For other authors like Eric Steinhart (1997), Got-
tfried Wilhelm Leibniz is one of the first to refer to a
possible VR. In The Palace of Destinies (1710), the phi-
losopher refers to a structure capable of stimulating all
the senses and generating experiences in real time in
non-existent environments: “an organised system of vir-
tual worlds available for human perceptual exploration,
along with an interface for exploring them” (quoted in
Steinhart, 1997). However, as Parés and Parés (2010)
point out, Leibniz’s idea remained on paper until 1962,
when it begins to materialise an incipient VR technolo-
gy. These literary examples, much older than the first
VR systems, reflect an interest in the possibility of
“travelling” to other worlds, either through a dream, like
Alice did, or through special glasses, like those devel-
oped by Professor Ludwig, which decades later became
the preferred device to experience VR, but retaining the
idea that people can travel without having to move
physically.

As the previous sections suggest, VR was very
close to literary and cinematographic fiction. That is
why we found examples such as William Gibson and
his novel Neuromancer (1984), which explores cyber-
space even before the emergence of the Internet and
computer-generated artificial environments, and Neal
Stephenson’s Snow Crash (1992), which introduces the
concept of metaverse, as a virtual world in which peo-
ple can interact with each other without physical limi-
tations.

The term VR became popular in the late 1980s and
its coining is attributed to the founder of VPL Research
Inc, Jaron Lanier, although it was the French play-
wright Antonin Artaud who used the term réalité vir-
tuelle for the first time, in 1938, to define theatre in his
essay Le thédtre et son doublé (“The theatre and its
double”). Artaud referred to theatre as a mirage exist-
ing “between the world in which the characters, ob-
jects, images, and in general all those elements that
constitute the virtual reality of the theatre develops,
and the purely fictitious and illusory world in which
the symbols of alchemy evolved” (in Artaud 1978
p, 54). Although Artaud’s use of the term is very differ-
ent from the current conception of VR, it is interesting
to compare it with the theatre to the extent that the au-
dience, faced with a theatrical representation, is im-
mersed in an imaginary world; an immersion that man-
ages to endow representations with resemblance to
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reality (Ekweariri, 2013). However, it was the multi-
faceted Lanier who coined the term, applied to com-
puter-generated simulated environments. In an inter-
view for Whole Earth Review, published in 1989,
Lanier defined VR in the following way:

Virtual Reality is not a computer. We are speaking about
a technology that uses computerized clothing to synthe-
size shared reality. It recreates our relationship with the
physical world in a new plane, no more, no less. It
doesn’t affect the subjective world; it doesn’t have any-
thing to do directly with what’s going on inside your
brain. It only has to do with what your sense organs per-
ceive. The physical world, the thing on the other side of
your sense organs, is received through these five holes,
the eyes, and the ears, and the nose, and the mouth, and
the skin [...] Before you enter the Virtual Reality you’ll
see a pile of clothing that you have to put on in order to
perceive a different world than the physical world. The
clothing consists of mostly a pair of glasses and a pair of
gloves. (Lanier, 1989 p, 110)

Lanier uses a multi-sensory approach, linking VR
with the stimulation of all the senses (not just sight).
Thus, he links VR with the use of different wearable arti-
facts that allow the user to perceive the virtual world as if
it were the physical world, creating the illusion of “being
there”, so that VR is restricted, according to Lanier, to the
scope of the simulation. After him, many authors have
tried to define VR, although not from the same point of
view, so there are almost as many definitions as there are
authors who have approached this object of study. Thus,
while some authors have focused on the technological
component (mainly based on hardware), others have
adopted a psychological perspective or a philosophical
view. In many cases, these three dimensions converge in
the same definition. For example, Brudniy and Demilh-
anova (2012) argue that the VR construct is created by
the interaction of these technological, psychological and
philosophical perspectives.

Some of the most commonly used definitions of VR
are the ones proposed by Bell and Fogler (1995), Biocca
and Levy (1995), Burdea and Coiffet (2003), Coates
(1992), Del Pino (1995), Greenbaum, (1992), Gubern
(1996), Heim (1993), Pimentel and Teixeira (1995),
Rheingold (1994) and Sherman and Craig (2003). Some
of these definitions are presented below:

— For Bell and Fogler, VR is “a computer interface
characterised by high levels of immersion, credibil-
ity and interaction, whose objective is to make users
believe that they are really within a computer-gener-
ated environment” (Bell and Fogler, 1995, p. 2).

— For Biocca and Levy, it is an interface that tries to
“achieve full immersion of human sensory chan-
nels in a vital experience generated by computer”
(Biocca and Levy, 1995 p. 17).

— For Coates (1992), VR are electronic simulations
that the user experiences with the help of a VR
headset.

— For Greenbaum (1992), it is an alternative world
made of computer-generated images that respond to
users’ movements, thanks to use of devices such as
goggles and gloves.

— For Pimentel and Teixeira, the term refers to “an
immersive and interactive computer-generated ex-
perience” (Pimentel and Teixeira, 1995, p. 11).

One of the most interesting definitions is provided by
Gubern, for whom VR is:

[...] a computer system that generates synthetic environ-
ments in real time within an illusory reality (i/ludere:
deceive), because it is a perceptual reality without ob-
jective support, without res extensa, since it only exists
within the computer. (Gubern, 1996 p. 156)

Gubern’s concept of “illusory reality”, which in this
case refers to the deceit of the user’s senses by VR, is not
new and is reminiscent of Plato, who claimed that picto-
rial manifestations could deceive people and make them
believe that they were watching the real referent, not a
copy (Plato, trad. in 1966). This idea that questions the
veracity of perceptions and the difficulty of distinguish-
ing between reality and fiction has been present since the
beginnings of VR, especially in the literature and cinema,
in films like Brainscan (1994), Ghost in the Shell (1995),
eXistenZ (1999) and The Matrix (1999) (Roas, 2009
p. 101). In these films the real world and the virtual world
appear to be separated and a priori do not interfere with
each other, until the barrier between the two is broken, as
it happens in The Matrix, where the protagonist dies in
the virtual world and, as a consequence, also in the real
world (Roas, 2009).

Returning to the proposed definitions, Luis Del Pino
conceives VR as “an interactive system that allows syn-
thesising a fictitious three-dimensional world that creates
in the user an illusion of reality” (Del Pino, 1995, p. 19).
This definition includes four concepts: synthetic capacity,
interactivity, three-dimensionality and illusion of reality.
As we can see, it retakes the concept of “illusion”, which
is a fundamental characteristic for the credibility of the
virtual environment. In addition, Del Pino (1995) also es-
tablishes a series of factors that will make the illusion of
reality more intense: that the system is capable of stimu-
lating more than one of the user’s senses, that the user can
interact and influence the state of the virtual world and
that the virtual world ‘behaves’ as if it were real.

Rheingold, for his part, does not establish a definition
as such, but offers a description from which one can ex-
tract the components that, according to him, are involved
in VR, such as: artificial world, immersion, interaction
and three-dimensional graphics (Rheingold, 1994 pp. 20-
21). Rheingold, like Lanier, also refers to the multisenso-
ry stimulus, referring in this case not only to the sight
(with the use of a Head-Mounted Displays, also known as
HMD), but also to three-dimensional sound and the sense
of touch, insofar as the user can “manipulate and touch”
the objects of the artificial world.
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In Metaphysics of Virtual Reality (1993), Michael
Heim also identifies seven elements that, in his opinion, in-
tervene in VR: simulation, interaction, artificiality, immer-
sion, telepresence, body immersion and network communi-
cation. For Burdea and Coiffet, the main characteristics of
VR are reduced to “the three I’s”: Immersion, Interaction
and Imagination (2003 p. 3). These authors also provide a
definition that conceives VR as “a high-end user interface
that involves the user in a real-time simulation in which he
or she can interact across multiple sensory channels. These
sensory modalities are visual, auditory, tactile, olfactory
and gustatory” (Burdea and Coiffet, 2003 p. 3).

Sherman and Craig (2003), meanwhile, define four
key elements of VR: Virtual world, immersion, sensory
feedback and interactivity. Based on these elements, they
define VR in its more global view as:

a medium composed of interactive computer simula-
tions that sense the participant’s position and actions
and replace or augment the feedback to one or more
senses, giving the feeling of being mentally immersed
or present in the simulation (a virtual world). (Sherman
and Craig: 2003 p. 13)

Based on the contributions made by the different au-
thors who have studied VR, we can extract three elements
that will characterize this technology and are commonly
accepted by all authors: immersion (multisensory), pres-
ence and interactivity. While these elements are not the
only ones necessary for a given experience to be consid-
ered VR, they are the ones that will directly affect the
way the user relates to the virtual world and gets involved
in that experience.

PAST AND PRESENT OF VR: FROM ALICE’S
ADVENTURES IN WONDERLAND TO OCULUS
RIFT

Five great stages can be identified in the technological
history of VR, from the oldest predecessors linked to the
first theories of vision, stereoscopy and anaglyphs, to the
current devices on the market:

From 1833 to 1950: remote predecessors

Since the mid-19" century, there were many inven-
tions that contributed to the birth of VR technology as
such. For example, British scientist Charles Wheatstone
and his studies on vision gave rise to the invention of the
stereoscope (in 1838), a device that creates the illusion of
three-dimensional depth, which can be considered the
first predecessor of the VR viewer; and the anaglyph pro-
cess developed by German physicist Wilhelm Roll Mann
in 1853 and later perfected by Louis Ducos du Hauron
(1891), which enabled three-dimensional photography
through the juxtaposition of two images with comple-
mentary colours (anaglyphs). Both stereoscopy and ana-
glyphs are strongly linked to the development of 3D
viewers.

Twenty years later, Hugo Gernsback, the father of sci-
ence fiction, invented the “teleyeglasses” (1936), a porta-
ble, battery-operated, head-mounted display that aimed to
create “immersive” television, although it was not until
1963 when this invention was presented to the public (in
O’Neill, 1963). Gernsback was certainly a visionary and
already in the 1920s he studied the possibility of avoiding
unnecessary travelling through telepresence. In the Feb-
ruary 1925 issue of Science and Inventions magazine, ed-
ited by Gernsback himself, he spoke of a future invention
that would have applications in the field of medicine and
would allow physicians to take care of their patients re-
motely by means of a device called “teledactyl” (Novak,
2012).

From 1950-60 to the first half of the 1970s: first devices

The first direct predecessor of VR is the Sensorama, a
device created in the 1950s to provide simulated experi-
ences through the stimulation of the senses. Its creator,
Morton L. Heilig, was convinced of the pedagogical po-
tential of this device, which was based on the idea that a
person could learn more effectively by experiencing the
situation rather than by reading or hearing about it
(Heilig, 1962 p. 2). In appearance, the Sensorama resem-
bled the machines in recreational halls. It used three
35-millimeter cameras and projected the recorded images
simultaneously to create the illusion of three-dimensional
depth. Moreover, the device was able to reproduce wind,
movement and aromas, which created an even more real-
istic experience.

Heilig started from the idea of “immersive vision” of
the first cinematographic inventions like Grimoin-San-
son’s cinéorama, 20th Century Fox’s cinemascope, Walt
Disney’s Circarama and the Soviet circular Kinopanora-
ma (Gubern, 1969:75-76). However, he went beyond and
created an experience that cannot only be seen, but can
also be felt by stimulation of hearing, smell and touch,
retaking to some extent the idea of pioneering inventions
from the 1950s, such as Lube’s Smell-O-Vision and Cas-
tle’s Percepto!. What Heilig proposed in the 1960s was a
fully immersive experience, which was ahead of what the
new VR systems of the 21 century offer. However,
Heilig did not manage to get funding to shoot new films
to test his invention, so he only filmed a motorcycle ride
through the streets of Brooklyn. Thus, the Sensorama
only became an anecdotal experiment in the history of the
origins of VR (Rheingold, 1994; Lopez, 2008).

In 1960, prior to the Sensorama, Heilig patented an-
other device, the “Telesphere Mask”, a head-mounted
digital display that provided stereoscopic television
(Rheingold, 1994 p. 64). This first head-mounted device
did not evolve from its prototype form, so it is widely
considered that the first VR headset display system is the
one created in 1968 by Ivan Sutherland, the “Sword of
Damocles”. In 1965, Sutherland established the bases of a
multi-sensory system which he called The Ultimate Dis-
play, a new peripheral device capable of turning a com-
puter into “the wonderland into which Alice walked”
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(Sutherland, 1965:508). Sutherland used Carroll’s novel
to refer to the possibility of placing users within comput-
er-generated graphic simulations, in short, to walk into
wonderland like Alice did, but in this case through a dis-
play designed for that purpose. Three years later, he made
it happen with the creation of his VR headset. The “Sword
of Damocles” consisted of a mechanical arm that was
suspended from the ceiling and held a visualisation sys-
tem formed by two small screens that were mounted on
the user’s head. This helmet allowed the user to see the
three-dimensional images generated by the computer and
detected the position and orientation of the user’s head
through the use of sensors; although it only reproduced
polygons and its graphical capacity was very limited
(Sutherland, 1968; Levis, 2006).

In this second stage, it is worth mentioning Myron
Krueger, who in 1975 created the “Videoplace”, a system
that captured the user’s silhouette with a video camera. A
computer processed the image to place it within a digital
scenario and the result was projected on a screen (Krue-
ger, Gionfriddo and Hinrichsen, 1985). Unlike Suther-
land, Krueger opted not to cover the user’s head with a
device but to create an environment that was able to inter-
act with the user’s presence. Krueger’s invention is based
on a different conception of VR that leads to the concept
of Augmented Reality (AR) that subsequently became a
direct predecessor of what this technology became. Un-
like what happens with VR, AR does not take the user to
a simulated environment but adds information to the real
world. In other words, in contrast to VR, AR does not
block the user’s view of the real world, but complements
it with computer-generated data, videos, graphics, text
and virtual objects (Milgram y Kishino, 1994; Milgram,
Takemura, Utsumi and Kishino, 1994).

From the second half of the 1970s to 1990: The
impulse of VR and the boom of user detection systems

Developments in VR took a double direction in the
second half of the 1970s: on the one hand, research and
development in visualisation devices went on and, on the
other, the first user-detection systems began to be devel-
oped. The first data gloves emerged during this time (Say-
re Glove, DataGlove and Mattel’s PowerGlove) and in
the 1980s new models of data gloves were brought to
market, like the MIT-LED Glove, developed by the MIT
Architecture Machine Group; Gary Grimes’s Digital
Data Entry; the Dexterous Hand Master, developed by
Arthur D. Little and Sarcos; James Kramer’s CyberGlove;
and the Space Glove, developed by W Industries (Sturm
and Zeltzer, 1994 pp. 32-34).

Continuing with the development of motion-tracking
systems, in 1987 the DataSuit was introduced by VPL
Research Inc. It was a full-body version of the DataGlove
(Rheingold, 1994), that covered the user’s body from top
to bottom and was equipped with sensors for measuring
the movement of arms, legs and trunk, in six degrees of
freedom within the room (Lasko-Harvill, Blanchard,
Smithers, Harvill and Coffma, 1988).

In 1989, VPL Research also launched the EyePhone
system, which used special VR goggles and a DataGlove.
Lanier also introduced the “Reality Built for Two” (or
RB2), a pack containing two pairs of VPL DataGlove and
two EyePhones (Blanchard et al., 1990; Diltea, 1990).
This system had some limitations: it could only generate
five or six frames per second and the software and com-
puters required to run it were expensive to buy, which
made the investors to lose interest (2014). At this time
there were other VR headset proposals that were not suc-
cessful, such as the CyberFace and the Flight Helmet re-
leased by LEEP and Virtual Research, respectively.

In the late 1980s, the first virtual worlds began to ap-
pear. As Lopez points out (2008 p. 139), some of them
were developed as an extension of chat rooms and online
games. This is the case of Habitat, a massively multiplay-
er online role-playing game (MMORPG) created in 1986
by Lucasfilm Games, which constitutes one of the first at-
tempts to create a large-scale, multi-user, commercial vir-
tual environment (Morningstar and Farmer, 1991). Habi-
tat allowed players a real-time view of a virtual world in
which they could communicate and interact with other
users, which is a clear predecessor of other online multi-
player games such as Second Life (Linden Research Inc.,
2003). The relationship between this type of games and
VR is evident, and these games might even be considered
to be predecessors in some respects, although they do dif-
fer greatly from VR games available today.

From 1990 to 2012: The influence of videogames on
the development of VR

In 1992 Carolina Cruz-Neira presented the CAVE
(Cave Automatic Virtual Environment) system, which is a
multi-user immersion system, unlike the individual HMD
systems (Cruz-Neira, Sandin, DeFanti, Kenyon and Hart,
1992:135). It is a room-sized cube where several projec-
tors are directed to the walls, the floor and the ceiling (the
number of walls can vary depending on the application)
to create a three-dimensional environment. The system
has been influenced by inventions applied to cinema,
such as Grimoin’s Cinéorama and Waller’s Cinerama,
which were based on the same multi-projection system.

In the 1990s, VR arrived on the Internet with the
emergence of VRML (Virtual Reality Mark-up Lan-
guage), a VR modelling language that was used for the
creation of the first virtual worlds (Lopez, 2008 p. 139).

This decade also witnessed the increasing representa-
tion of VR technology in film and television, reflecting a
concern for the consequences of its use. Examples of
films exploring VR are The Lawnmower Man (Brett
Leonard, 1992) and its sequel, The Lawnmower Man II:
Beyond the Cyberspace (Farhad Mann, 1996), Virtuosity
(Brett Leonard, 1995), Brainscan (John Flynn, 1994),
Strange Days (Kathryn Bigelow, 1995), Ghost in the
Shell (Mamoru Oshii, 1995), eXistenZ (David Cronen-
berg, 1999), Tron (Steven Lisberger, 1982) and the Ma-
trix trilogy (Lilly and Lana Wachowski, 1999, 2003a and
2003b). For their part, the television series that explored
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VR include the famous Star Trek: The Next Generation
(Gene Roddenberry, 1987), and even Jessica Fletcher’s
legendary Murder, She Wrote, which in one episode fea-
tures VR glasses and data gloves (4 Virtual Murder, fifth
episode of the tenth season, broadcast in September
1993).

The fourth stage is characterised by the arrival of con-
soles and computers in household and the arrival of VR in
arcades. Virtuality Group launched Virtuality (Craig,
Sherman and Will, 2009), which consisted of a VR hel-
met and a hand-held controller that allows the user to in-
teract with the virtual world. The device had two ver-
sions: one in which the gamer stands on a kind of platform
(SU), and one in which the user can sit (SD). In the field
of video games for the domestic environment, companies
also began to see the possibilities of VR. In 1991, Sega
announced the launch of Sega VR and a VR headset for
the Genesis console, but its release was cancelled. The
device consisted of two LCD screens with earphones, an
all-in-one head-mounted device. At the same time, Sega’s
HMD combined 3D images and sterco sound with a
tracking system based on internal sensors that monitor the
user’s head movement (Della Croche et al., 2016). Fol-
lowing Sega’s footsteps, in the late 1994, Nintendo
launched Virtual Boy, a video game console with a 3D
viewer mounted on a tripod, but it failed to meet sales
targets and disappeared just one year after its release. The
device was criticised for being uncomfortable, for its
black and red graphics, and for its price tag and the limit-
ed number and variety of compatible games (Boyer,
2009; Della Croche et al., 2016).

In 1993, VectorMaxx also launched its own VR gog-
gles, the StuntMaster VR, which had a small LCD screen
for each eye and a head-motion tracking stick that was
attached to the user’s shoulder. Like with Nintendo’s Vir-
tual Boy, the prolonged use of StuntMaster was not advis-
able because it was a rather heavy unit that exerted pres-
sure on the front of the head. In 1994, Forte Technologies
launched VXFI for PC, which again included colour LCD
screens for each eye and a controller. The system became
very popular because it was compatible with well-known
games such as Doom (ID Software, 1993) and Descent
(Parallax Software, 1995), but it was very expensive.
Atari’s headset, Jaguar VR, was announced in 1995 but
was never launched due to the merger of Atari and JTS.

The development of domestic VR devices remained
stagnant for a few years, as it was an expensive and limit-
ed-access technology (Della Croche et al., 2016). In
1994, PCVR magazine, specialised in VR, published in its
January/February issue instructions for the construction
of domestic movement tracking devices, for only $25
(PCVR, 2014,). After the failures of the first home VR
systems few companies were willing to bet on the devel-
opment of VR consoles. However, there were new at-
tempts in 2002, when Konami created Tobidacid Solid
Eye, a folding cardboard goggle that had to be mounted
by the user and could be used with PlayStation Portable;
and in 2007, with the launch by VUCIX of iWear VR920
for PC, with good quality, price, lighter design, and head

movement control. However, despite these inventions,
between 2008 and 2011 there was a period of “silence” as
far as VR development is concerned. It was not until 2012
when the development of VR devices for public con-
sumption begin to experience a real boost.

From 2012 to the present day: the boom
of commercial VR visualisation devices

In 2012 Google announced the launch of Google
Glass, a wearable computer featuring AR eyeglasses ca-
pable of displaying information to the user. Google
Glasses function as a hands-free smartphone that is con-
trolled by voice commands and movements. The glasses
incorporate a small screen at the top of the glass, above
the natural line of sight, offering information that comple-
ments, do not changes, the reality of the user (Google de-
velopers, 2015). The device was made available to devel-
opers in 2013, while the non-specialised public version
was launched in 2014. Although the device had a lot of
impact and good reception by the users, the company de-
cided to stop the production the next year. In 2012, Palm-
er Luckey launched a campaign in the crowdfunding plat-
form Kickstarter to raise funds to create an HMD for
public sale called Oculus Rift. The crowdfunding cam-
paign was successful and the first version of Oculus Rift
DK went on sale in July 2014 and the second, DK2, in
2015. This device introduces a motion tracking system
that allows the software to respond to the user’s actions.
In addition, 2016 saw the launch of Oculus Touch, a pair
of small controllers for Oculus Rift that facilitate naviga-
tion in virtual environments (Oculus, 2017).

Facebook’s acquisition of Oculus, in March 2014,
brought back the interest to VR (Parkin, 2014) and in
2015 new proposals were put forward by big companies
like Sony, Samsung and Microsoft. The development of
this type of devices adopts a triple dimension:

1. HMD connected to the computer, such as Oculus.
2. Devices connected to the smartphone.
3. Devices connected to video game consoles.

Other systems that combine VR with AR were also
launched during this time by different tech companies, in-
cluding Google Cardboard, Gear VR, HTC Vive, OSVR
(Open Source Virtual Reality), ImmersiON Vrelia GO,
FOVE VR, Gameface, PlayStation VR, EIf VR, HoloLens
and Magic Leap.

VR is, therefore, a technology in constant evolution
and growth that has managed to open a gap in the market.
While in the 1990s low screen resolutions and poor
graphic quality did not allow the creation of truly immer-
sive and appealing experiences, in the new century tech-
nological improvements (in both software and hardware)
experienced a significant breakthrough in the develop-
ment of devices capable of producing more and more re-
alistic experiences. It is at this time when commercial VR
systems began to experience a real boom and regained the
interest of the public while expanding the scope of their
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application. Proof of this is the increase in the number of
active users in VR, which according to Statista (2019)
went from 6.7 million users in 2015 to 171 in 2018.

FUTURE PROJECTIONS AND PROSPECTS
FOR VR

In the first two decades of the 21* century, since the
earliest beginnings of VR, it has been possible to observe
the emergence of numerous studies that explore its appli-
cation possibilities in a wide range of disciplines. As it is
a technology that evolves very quickly, the fields that can
be benefited by the employment of VR also increase as
they incorporate new advances and improvements in
terms of interaction and visualisation systems (interfac-
es), and in relation to content presentation. In this sense,
Sherman and Craig (2003:417) establish a classification
of the “problems” whose solution can be benefited by the
use of VR: those that cannot be reproduced in the physi-
cal world, those that cannot be studied safely or involve
physical risks, those whose experimentation carries a
high economic cost, and “what would happen if...?”” kind
of problems. Meanwhile, from a more specific point of
view, Levis (2006) differentiates two basic categories in
relation to the application of VR, separating the special-
ised technical fields, which require previous training to
use VR and are aimed at specific users, from everyday
life fields, which are aimed at the general public.

In order to highlight the importance and scope of this
technology, below we present the results of the review of
the scientific research carried out in the last twenty years.
This review is not intended to be exhaustive, since it
would be impossible to mention all the large amount of
diverse studies and applications. We have selected those
studies that are interesting due to their pioneering work in
a given field, their specific or strategic importance or their
view in relation to a particular subject.

As Levis (2006) points out, more and more sectors be-
gin to make use of technologies related to VR, with very
specific applications, especially linked to medicine, sci-
entific simulation, culture and education. Health sciences
is the area where, more often, recent research has high-
lighted the potential benefits of using immersive environ-
ments. These studies range from patient rehabilitation,
neurorchabilitation and motor rehabilitation therapies
(Adamovich et al., 2003; Bayon and Martinez, 2010;
Burdea, Popescu, Hentz and Colbert, 2000; Deutsch et
al., 2004; Jack et al., 2001; Holden, 2005; Holden, Dyar,
Schwamm and Bizzi, 2005; Merians et al., 2002; Rizzo,
Schultheis, Kerns and Mateer, 2004), to the surgical train-
ing of health professionals (Grantcharov et al., 2004;
Grottke et al., 2009; Jensen et al., 2015; Lim, Burt and
Rutter, 2005; Seymour et al., 2002; Sturm et al., 2008). It
is also important to highlight the works on the analgesic
properties of VR for the treatment of pain in patients suf-
fering from severe burns, both in adults (Hoffman, Pat-
terson and Carrougher, 2000; Maani et al., 2011; Sharar et
al., 2016; Silva, Machado, Simdes and Do Céu, 2015)
and children (Das, Grimmer, Sparnol, McRaee and

Thomas, 2005; Moreno and Delgado, 2013), as well as in
oncologic patients (Espinoza, Bafios, Garcia-Palacios and
Botella, 2013), by providing them with a distraction envi-
ronment.

In clinical psychology, there are many works on the
use of VR technology for the treatment of different of
anxiety and psychological disorders, especially works
that delve into its use as a tool for the exposure to phobi-
as. There are important works that have proven the effec-
tiveness of VR in the treatment of acrophobia (Choi,
Jang, Ku, Shin and Kim, 2001; Emmelkamp, Bruynzeel,
Drost and Van der Mast, 2001; Emmelkamp, Krijn, Huls-
bosch, De Vries and Van Der Mast, 2002; Rothbaum et
al., 1995a, 1995b; North and North, 1994, 1996; North,
North and Coble, 1996a), agoraphobia (North, North and
Coble, 1996b), arachnophobia (Carlin, Hoffman and
Weghorst, 1997; Garcia-Palacios, Hoffman, Carlin, Fur-
ness and Botella, 2002; Hoffman, Garcia-Palacios, Carlin
and Botella, 2003), claustrophobia (Botella et al., 1998;
Botella, Baiios, Villa, Perpifia and Garcia-Palacios, 2000;
Botella et al., 2002), aviophobia (Bafios, Botella, Perpiiia
and Quero, 2001; Botella, Osma, Garcia-Palacios, Quero
and Banos, 2004; Brinkman, Van der Mast, Sandino
Gunawan and Emmelkamp, 2010; Klein, 1997; Maltby,
Kirsch, Mayers and Allen, 2002; Miihlberger, Wiede-
mann and Pauli, 2003; North, North and Coble, 1997a,
1997b; Rothbaum, Hodges, Anderson, Price and Smith,
2002; Rothbaum, Hodges, Smith, Lee and Price, 2000;
Wiederhold, 1999; Wiederhold, Gervitz and Wiederhold,
1998), vehophobia (Wald & Taylor, 2000; Wald & Taylor,
2003; Walshe, Lewis, Kim, O’Sullivan and Wiederhold,
2003) and clossophobia (Anderson, Rothbaum and Hodg-
es, 2003; Harris Kemmerling and North, 2002; Pertaub,
Slater and Baker, 2002; Slater, Pertaud and Steed, 1999).
Also frequent are the studies of the application of VR in
the treatment of social anxiety (Garcia-Garcia, Rosa-Al-
cazar, Olivares-Olivares, 2011; Klinger et al., 2005; Roy
et al., 2003), dissociations of the body image in eating
disorders (Gémez et al., 2013; Myers Swan-Kremeier,
Wonderlich, Lancaster and Mitchell, 2004; Perpifia, Bo-
tella and Baths, 2003; Perpina et al., 2009; Riva Bacchet-
ta, Baruffi and Molinari, 2002; Riva Bacchetta, Cesa,
Conti and Molinari, 2004; Riva, Melis and Bolzoni,
1997), addiction to certain substances (Bordnick et al.,
2004; Garcia-Rodriguez, Pericot-Valverde, Gutiérrez and
Ferrer, 2009; Kuntze et al., 2001; Lee et al., 2003; Ne-
mire, Beil and Swan, 1999) and compulsive gambling
(Botella, 2004).

Another area in which numerous research works are
being carried out is the didactic possibilities of VR and
the development of immersive learning environments
(Bell and Fogler, 1995; Chen, 2006; De Antonio, Villalo-
bos and Luna, 2000; Pantelidis, 2010; Pstoka, 1995;
Thorsteinsson, 2013; Velev and Zlateva, 2017; Vera,
Ortega and Burgos, 2003; Zapatero, 2011). In this sense,
there are outstanding specialised applications, such as
Construct 3D, developed by Kaufmann, Schmalstieg and
Wagner (2000) for the learning of mathematics and ge-
ometry in secondary and university education levels, and
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the doctoral thesis written by Daniel Zapatero (2007),
which analyses the didactic applications of VR in the
Pedagogical Museum of Children’s Art (MuPAI) of the
Complutense University of Madrid. Also, within the edu-
cational context, several studies have been carried out on
the use of this technology in the detection of problems in
the school environment, such as attention deficit (Gutiér-
rez-Maldonado, Alsina-Jurnet, Carvallo-Beciu, Letosa-
Porta and Magallon-Neri, 2007; Moreno, Espinosa, Ca-
macho and Diaz, 2016). At the same time, and continuing
with the pedagogical approach, but, in this case, oriented
towards the museum and public spaces, different authors
have observed the benefits of VR in this context (Gurri
and Carreras, 2003; Hirose, 2005; Otero and Flores, 2011;
Ortiz and Cipagauta, 2006; Roussou, 2001; Wojciechows-
ki, Walczak, White and Cellary, 2004). Moreover, some
centres have already developed their own apps, like the
National Archacological Museum (Vivir en..., 2017),
which offers a “trip to the past” and offer a virtual jour-
ney through the history of Spain, and the Louvre, which
offers a VR experience developed by You Visit, which al-
lows the user to explore the different rooms of the muse-
um. Moreover, VR is used in other cultural areas such as
historical heritage (Gutiérrez and Hernandez, 2003; Plet-
inckx, Callebaut, Killebrew and Silberman, 2000), tour-
ism (Guttentag, 2010; Potter, Cartes and Coghlan, 2016),
plastic arts (Simo, 2001, 2012) and even library science.
In the latter case, it is of particular interest the research
carried out by Hilera, Oton, Martinez and Garcia (2000)
on the creation of VR libraries that provide access to digi-
tal books.

Different studies highlight the similarities between VR
and the performing arts. Suffices to mention the first use of
the term by Artaud in Le Thédtre et son doublé (1938) and
Heilig in Theatre of Experience (1955). For Reaney (1996),
theatre as VR allows audiences to “visit imaginary worlds
that are interactive and immersive” (Reaney, 1996, p. 28).
Dixon (20006), for his part, believes that VR technology en-
riches the theatrical experience. For this author, the combi-
nation of VR and theatre and other performing arts consti-
tutes a perfect union as it offers an ideal technological
medium to improve the theatrical experience: “visual specta-
cle, imaginary worlds, innovative spaces and, most impor-
tantly, audience immersion” (Dixon, 2006:23). Other au-
thors have also focused their studies on the possibilities of
VR in theatre, dance and music. In this sense, it is worth
mentioning the work of Yang, Leung, Yue and Deng (2012)
and Chan, Leung, Tang and Komura (2010) on the creation
of dance training systems based on VR technology. There
are other significant projects aimed at the non-specialised
public, such as Night Fall (2016), the first ballet piece in
360-degree video developed by the Dutch National Opera
and Ballet; Scene 360, an app for mobile devices launched
by La Cocina project (2016), of RTVE.es, and La Sala show,
produced by Radio Nacional of Spain in collaboration with
the Dramatic Nacional Centre (CDN) and the National Insti-
tute of Performing Arts and Music (INAEM), a theatrical
project in 360-degree video format that offers new content
such as Alento 360 (classical dance) and Misdntropo 360

(another theatrical piece); and the VR concerts performed by
the Adelaide Symphony Orchestra (Australia) in 2015, in
collaboration with Jumpgate VR. It should be noted, in the
case of music, the creation of the Lyra VR app (2017), a plat-
form to create music compositions in a VR environment.

The multiple possibilities of VR are also explored in
studies related to architecture and urbanism (Nguyen,
Nguyen, Vo, Nguyen and Tran, 2016; Villegas, 2012); as-
tronomy (Mintz, Litvak and Yair, 2001; Weigel and Mo-
raitis, 2017) -NASA has also been using VR for astronaut
training for several years and has collaborated in the crea-
tion of different immersive pieces that allow the general
public to explore the International Space Station (in Mis-
sion 1SS, 2017) and the surface of Mars (NASA Mars
Cardboard Experience, 2017)—; law, in relation to the
challenges of the regulations of this technology (Carrefio,
2012; Lemley and Volokh, 2017); engineering, applied to
the teaching of students (Flores, Camarena and Avalos,
2014); zoology, to investigate animal behaviour in simu-
lated environments (Dolins, Schweller and Milne, 2017;
Thurley and Ayaz, 2016); military training (Bhagat, Liou
and Chang, 2016; Pallavicini, Argenton, Toniazzi, Aceti
and Mantovani, 2016), vehicle and machinery operation
simulation (Themedu-Steinke, Sirim, Erbach, Halady and
Meixner, 2015; Ong and Nee, 2004; Tudor, Carey and
Dubey, 2015) and marketing and corporate advertising
(Scatena, Russo and Riva, 2016; Yol and Shin, 2009) and
institutional advertising, with outstanding campaigns like
You choose (2017) of the Directorate General of Traffic
(DGT), which uses VR to raise awareness about the risks
of irresponsible driving behaviour, and Keep it between
us (2017), a project developed by Uruguay’s Council of
Secondary Education to raise awareness about teen dating
violence.

An approach to VR entertainment

As it has been shown in this study, the emergence of
VR has been strongly linked to entertainment, so it is not
surprising that this technology has been greatly exploited
in this field. According to Levis’s classification (2006),
the use of VR in the entertainment industry reaches very
different fields such as cinema, television, social net-
works and video games, and has become the first access
route to this technology for the non-specialised public.
This new reality has given rise to a series of interactive
narratives that are characterised for being produced in VR
environments, which allows us to talk about a type of vir-
tual and interactive leisure.

In cinema there are both small immersive experiences
that act as promotional material that persuades the audi-
ence to go to the movie theatre, and works that delve into
narrative film production supported by HMD and VR cin-
ema technology (Cortés-Selva, 2015, 2016; Martinez,
2015). Examples of feature films made to be viewed with
VR goggles include Jesus VR: The Story of Christ (2016),
which is the first production to use this immersive tech-
nology in cinema; and Carne y Arena (2017), which pre-
sents the real-life stories of immigrants and refugees in
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VR. Moreover, in recent years there has been a prolifera-
tion of companies and applications dedicated exclusively
to VR cinema, such as the CINEVR-The Movie Theater
app (2018). On the other hand, for the public who still
prefers to go to the movie theatre, the first VR cinema
was inaugurated in Amsterdam in early 2016, and soon
after a similar cinema opened its doors in India. In Los
Angeles, the IMAX Corporation has developed its own
VR cinema. In these cases, the seats are accompanied by
a pair of VR goggles and the spectator can select from a
catalogue of movies. Finally, since 2014 there are compa-
nies dedicated to the production of VR films, like Oculus
Story Studio and The VR Company.

Regarding fiction television, there is an increasing
number of series that use VR technology, both new series
that were conceived as VR products since their concep-
tion (native VR series), such as [nvisible (Samsung |,
JAUNT, CNE and 30 Ninjas) and Halcyon (Syfy), as well
as consolidated series that decided to integrate immersive
to attract new viewers (Paino and Rodriguez, 2017). Ex-
amples include Game of Thrones (HBO), which has two
VR pieces, Ascend the Wall (for Oculus Rift) and Defend
the Wall (for HTC); The Simpsons (FOX), with its Planet
of the Couches; Sleepy Hollow (FOX), with its Sleepy
Hollow VR experience; the Spanish series E/ Ministro del
Tiempo (RTVE) and its VR spin-off El tiempo en tus ma-
nos (“The time in your hands”); and The Walking Dead
(AMC) and Stranger Things (Netflix).

Another area of application for VR is social networks.
First, Facebook implemented 360-degree videos in De-
cember 2016 (Facebook Live 360) and launched the Beta
version of its VR social network Facebook Spaces in
April 2017. Moreover, the vTime and BeanVR apps were
also released also at the beginning of 2017. In all these
examples the user can create a customisable digital avatar
that will appear in the chosen meeting room or space to
interact with his friends’ avatars.

Lastly, in relation to VR video games, they are one of
the main ways for the public to access this technology
since VR video game development companies are the
ones betting stronger in the creation of contents for VR
devices oriented to the general public. Thus, there are
many companies dedicated to the development of VR
games for specific HMD, like Oculus Rift, PlayStation
VR, HTC Vive and OSVR, but there are other companies
that also develop content that can be viewed in smart-
phones paired with low-cost VR goggles (cardboard
type). Within this context of entertainment there are out-
standing projects such as Hellblade: Senua'’s Sacrifice
(2017), a dark fantasy action-adventure video game that
deals with mental illnesses and has been developed by
Ninja Theory with the collaboration of researchers spe-
cialised in neuroscience.

CONCLUSIONS
Taking into account the aspects discussed above, it can

be concluded that in order to understand how VR works
and all the possibilities it offers, it is necessary not only to

take into account the different technological innovations of
recent years but also the origins of the cinematographer, in
which the idea of going beyond the limits of reality im-
posed by the technology of that time was already present.
What seemed to be science fiction, today has become a re-
ality, and proof of this are the different contexts where VR
is already being applied, as this study has shown.

In relation to the term VR, it was initially linked to
literature and, more specifically to the science fiction gen-
re, where some authors began to talk about what is cur-
rently known to be the essence of VR: immersion. In
short, one could say that the term was born linked to a
narrative context, independently of the technological ad-
vances. The clearest example is the sequence in Alice in
Wonderland where the protagonist’s sister enters the same
world that Alice just left. The development of the digital
context is what allowed overcoming the narrative-con-
ceptual plane and what gave way to the definition of what
we currently understand as VR and which, unlike previ-
ous times, is now associated to a series of components
(VR goggles, haptic devices, 360-degree video content)
that enable user’s real-time immersion.

The past and present of VR allows us to speak of five
great stages that are linked to technological variables,
which in turn involve a series of intrinsic social variables
that derive from the historical context in which they are
framed and are essential to understand this evolution.
These stages are characterised by the following issues:

1. From 1833 to 1950: There are inventions that can
be considered remote predecessors of the first VR
viewers related to the first theories of vision. The
most important figures are Charles Wheatstone,
Wilhelm Rollmann, Louis Ducos du Hauron and
Hugo Gernsback.

2. From 1950-60 to the first half of the 1970s: The
first virtual reality HMD emerge, strongly linked to
the military field and simulations. In this period,
names such as Morton Heilig, Ivan Sutherland and
Miron Krueger stand out.

3. From the second half of the 1970s to 1990: VR and
user detection systems experience a boom. Visuali-
sation devices continue to improve, and a second
line of research on the detection of user’s move-
ment within the virtual world starts to develop.

4. From 1990 to 2012: It is a stage marked by the re-
lease of films that begin to explore virtual worlds
and the development of computer VR games. The
Cave Automatic Virtual Environment (CAVE) sys-
tem also emerges during this stage at the hands of
Carolina Cruz-Neira.

5. From 2012 to the present day: The Oculus Rift VR
headset is released, and the first HMD systems be-
gin to reach the non-specialised public. Especially
from 2014 onwards, companies specialised in VR
proliferate and revenues in the sector multiply.

As shown in the last part of this study, the interest in
VR has been increasing. There are more and more areas
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of knowledge that have benefited, to a greater or lesser
extent, by the application of this technology and the hap-
tic and visualisation devices that depend on it. It is pre-
cisely in this plane where we can see that truth is better
than fiction and that it has been reflected in the different
areas where VR is currently used: education, medicine,
journalism, engineering, psychology, among others. In
this sense, it is possible to argue that VR is reaching a
consolidation phase, in such a way that it has managed to
overcome its perception as a “fad” and to make an impor-
tant gap in the technological market and in the entertain-
ment industry. In short, all these research works demon-
strate the wide spectrum of possibilities that VR
encompasses, which adapts to the specific needs of each
knowledge area, making the study of this technology in-
creasingly complex.

All these aspects that have been discussed above con-
stitute a starting point for VR as an object of study, which
in this case is understood from other perspectives that
have not been addressed in this work, such as: user’s nar-
rative immersion and everything related do the accelerat-
ed progress this technology is experiencing in the digital
context.
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