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Abstract

This study describes the social and demographic profile of the first generation of

users of marketed virtual reality (VR) viewers in Spain and, subsequently, it

assesses the interest in its use as a learning tool. For that purpose, an online

questionnaire created ad hoc was administered to a sample of 117 participants.

The relationship between twelve variables was analysed comparing means

through the Snedecor’s F distribution and the contingency tables through the

Chi-squared test and Somers’ D. Among other issues, it was concluded that the

virtual reality user profile at present corresponds to a person older than 36,

mainly men, with higher education and having acquired their viewer no longer

than one year ago. Concerning the interests of virtual reality users as a learning

tool, only a few of them currently use virtual reality for this aim, but they

mainly show an interest in using the virtual reality as a learning method and

they feel optimism regarding the future use of this technology as a learning

tool. However, this is not the case among users of video game consoles

(PSVR), who are mainly men not interested in their use as a learning tool at
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present. Finally, it can be stated that current use as a learning tool among teachers

and students is occasional and preferably via smartphones.

Keywords: Education, Computer science, Sociology

1. Introduction

Even though at present there is a close relationship between computer science and

virtual reality (and therefore it would seem impossible to understand and achieve

the latter without the former), as a theoretical conceptualization, it is possible to

establish an early origin of virtual reality rather much before the beginning of com-

puter science. This fact shows how ancient the desire of the human being to create

and experience realities alternative to the physical reality is (Artaud, 1938e1958;

Heilig, 1962; Kavanagh et al., 2017).

This brief curiosity shows that virtual reality is not another technological advance

that someday will fall into disuse, but rather it certainly is the greater technological

revolution of our generation. It actually responds to a human desire that goes beyond

computer environments and artificially created graphics (Hockley, 1997;

Dombrowski and Dombrowski, 2017). It implies the fact of living an experience

beyond the physical reality itself and being capable of making everything that can

be imagined to come true: historical events, places of fantasy, imagined events,

etc (Costa-Rom�an, 2016; S�anchez-Cabrero et al., 2018a,b). Therefore, human beings

expand the boundaries of their creations, experiences and learnings to everything

that can be represented into a virtual environment. This, in fact, has many fewer re-

strictions and is closer to the real experience than any other device has designed until

now (Steuer, 1992; Cohen-Hatton and Honey, 2015; Gadelha, 2018).

The scientific field cannot stand aside of this technological revolution. It must lead

the advances and show the possibilities of this technology in the different fields of

interaction between technology and human beings (Vivanco and Gorostiaga,

2017). This is the context that frames this research. It is based on a first approach

by the authors to the practical use of virtual reality in primary classrooms in Spain

(Costa-Roman, 2016) and the exploration of the existing possibilities in terms of ap-

plications and software for the different current commercial viewers (Sanchez-

Cabrero et al., 2018a,b). A great interest of learners towards the use of this technol-

ogy was clearly observed, presenting a great intrinsic motivation in its use. It was

verified that, not only the virtual reality offers great possibilities for teaching at

many levels, but it also is a relatively unexplored area in its beginnings that urgently

needs to deepen its application in the classroom. There is a whole new generation of

students and learners who will naturally learn and interact within the digital environ-

ment. Furthermore, their communicative style needs tools and applications adapted
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to their learning style (Wu and Kuo, 2017). For this reason, it is especially important

to lay the foundations of both (1) the state of play and (2) the interest that this tech-

nology arouses in its own users as a learning tool (Pan and Hamilton, 2018).

Taking as a reference the definition of virtual reality found at the Encyclopaedia Bri-

tannica, created by Lowood (2015), virtual reality is understood as the immersion of

an individual in an artificial environment, generally created using computer means,

which simulates a complete reality for the users and enables them to interact with this

environment to a certain degree. The ‘being there’ feeling is a sine qua non condition

to achieve a virtual reality experience. This definition sets the limit of what virtual

reality is; vis-a-vis what it intends to be but without becoming it. Virtual reality re-

quires that the users feel the immersion in a reality, other than the physical one,

where they may have a certain degree of interaction. When the feeling of ‘journey’

towards another reality is not experienced, there is no virtual reality at all; thus, a 3D

video experience is not virtual reality because the user does not feel that needed

dissociation between mind and body. The use of video games is not considered vir-

tual reality either, even though several studies from the 90s referred to it with expe-

riences that did not fulfil minimum requirements (Rizzo and Koenig, 2017).

From the beginning of the computer science maturity, the possibility of simulating

artificial reality environments created with computer means started to be envisaged.

However, none of them could properly reflect an actual artificial reality due to lack of

technological means in each period (Brooks, 1999; Zyda, 2005). In order to make an

individual feel that he/she is inside another reality, virtual reality requires the use of

perceptive devices similar to the human senses. Currently, these human senses are

still more complex than the technology designed until now (Sanchez-Cabrero

et al., 2018a,b).

It is in this decade when the minimum requirements to make it possible have started

to be glimpsed (Menzies et al., 2016). Until then, every experience had simulated

three-dimensional environments rather complex, but they had not achieved a mini-

mal immersion of the user in an artificial reality (Wu et al., 2015). Due to the lim-

itations of technology itself, the participant did not perceive dissociation between

mind and body in the artificially designed experiences. This dissociation is necessary

to get the sensation of ‘being there’ proper to immersion in an artificial reality alter-

native to the physical one, and therefore, the desired virtual reality was not achieved.

Oculus’ project (Oculus VR, 2012) could be considered as the pioneer in the devel-

opment of virtual reality experiences with minimum requirements. It started with a

Kickstarter project in 2012 and then in 2013 marketed its first development kit, es-

tablishing the first patent in the United States in 2014 (Luckey et al., 2014). From

then, virtual reality has been seen as something possible but required some highly

demanding specifications for current technology (Menzies et al., 2016; Domingo

and Gates Bradley, 2017).
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Current innovations in technology, computer science and optics have achieved that

this idea, which other generations could only dream about, becomes now a reality,

although within the limitations that exploring a completely new and until now undis-

covered field means (Wu et al., 2015; Kim et al., 2017).

Before publishing its first commercial version in 2016, the VR Oculus project pre-

sented two virtual reality development kits in 2012 and 2014 that were among the

first viewers with a real capacity to present an artificial reality that guaranteed min-

imal immersion. Other important projects were added later to that commercial

version the same year, such as the HTC Vive or the PlayStation VR by Sony. The

following year, other commercial viewers started to be marketed, such as those spon-

sored by Microsoft under the acronym WMR (Windows Mixed Reality), thus

increasing the virtual reality commercial offer that was available for the average

user. Therefore, the period that has elapsed between the first virtual reality viewers

that guaranteed an actual virtual reality and the current period has been rather brief.

Within this brief period of less than two years, users of virtual reality have been able

to try this new technology and have acquired knowledge regarding its real applica-

tion, which is essential in order to determine the practical and daily use of this

technology.

Due to the fact that commercial virtual reality viewers have been on the market for

less than two years, this technology is still far from settling into the general popula-

tion. Therefore, it is difficult to know what society will ask of this technology when it

becomes mainstream, as observed by M€utterlein and Hess (2017). The interests

shown by early adopters offer us the keys to glimpse that moment and estimate

the extent of their demands. We will be able to advance the development of the

necessary applications or to take the necessary measures to meet them, in the

same way that the so-called ’beta testers’ do with computer software and videogames

(Stavova et al., 2018).

The results offered by this study would therefore be a first step towards a better un-

derstanding of the relationship between human beings and virtual reality. As Pan and

Hamilton (2018) state, VR currently still raises many questions, especially from the

point of view of a learning tool. Subsequent scientific research may focus on adapt-

ing its interventions and experience design to the observations of this study, opti-

mizing the effectiveness and appropriateness of its intervention.

There are previous studies that support research in relation to the acceptance and at-

titudes generated by virtual reality in society today. For example, Disztinger et al.

(2017) and Tussyadiah et al. (2018) explored the acceptance of virtual reality for

tourist use. They conclude that knowing and promoting different tourist sites was

seen in an optimistic and highly valued way. In a completely different field,

Dockx et al. (2017) showed that even elder population could develop positive atti-

tudes and high satisfaction with the practical use of virtual reality.
on.2019.e01338
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One of the most important potential use of VR, among others, is found in the educa-

tional field. The potential of a learning tool foreseen by a student when he/she is

exposed to a factual experience of an almost real learning content, might suppose

a much more solid, fast and effective learning than other more traditional learning

situation. For instance, Fern�andez-Robles (2016) shows the way current primary stu-

dents have a high motivation to learn using alternative reality elements, such as

augmented reality, which reflects a very positive attitude from part of students to

the inclusion of the VR in classrooms. Greenwald et al. (2017), on the other hand,

lists the possibilities of VR for the development of collaborative learning. Bacos

and Carroll (2018) show how the sense of presence influences the development of

learning through virtual reality. However, there are also current studies against the

fact of virtual reality’s representing a significant improvement over poorer means

of presentation. Leder et al. (2019) showed similar results and significantly lower

costs using slide presentations, so it would be necessary to determine in further

research the circumstances in which virtual reality can truly mark an improvement

in learning.

Many educational situations could be enriched, accelerated or deepened through vir-

tual reality, for instance, understanding a historical event by recreating its entire

world from within, making the learner a part of it; recreating extinct species or en-

vironments and perceiving their real dimensions in contrast to today’s world; trav-

elling through unreachable places such as the universe or the deep sea; or even

putting the learner in someone else’s place to know how they feel. All these situa-

tions can contribute to the development of empathy and education in values, among

others. These facts suggest that pedagogy should not be excluded from this techno-

logical revolution (Fowler, 2015; Kavanagh et al., 2017; Gadelha, 2018; Parong and

Mayer, 2018).

Early adopters of the first commercial viewers of virtual reality could perform a first

approach to the potential use as a learning tool, because they offer real information

about their use, their interests and their possibilities (Bu�n et al., 2017; Moro et al.,

2017; Nissim and Weissblueth, 2017; Lin et al., 2017; Yildirim, 2017; Yildirim

et al., 2018). Usually, early adopters are a proven source of information for the

settling of new technologies. However, in virtual reality, their participation is essen-

tial, since the possibilities for teaching and learning this technology cannot be

observed from the outside and only those who cross the threshold of virtual reality

are able to perceive all its possibilities. Moreover, virtual reality viewers are in their

early stages in the commercialization in the market. This fact gives a great scientific

and practical value to this study, as the data obtained have not been previously con-

sulted and could easily serve to glimpse the future of the relationship between virtual

reality and the educational field.
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The present study aims to collect this information through the administration of a

questionnaire designed to assess and value the experiences lived by the early

adopters of virtual reality in Spain with viewers that guarantee a sufficient immer-

sion, such as those described before. It is intended to assess the interest of use of

this technology as a learning tool in a near future, reflecting the early adopters’ in-

terests and privileged points of view.

With the purpose of finding answers and confirmations to the mentioned questions,

this research sets out two objectives: (1) To describe the social and demographic pro-

file of early adopters of virtual reality viewers in Spain and (2) to assess the interest

that these users may have in its use as a learning tool in order to be able to evaluate its

possible future inclusion within the formal educational setting.
2. Material and methods

2.1. Participants

Considering that the first virtual reality viewers have been on the market for less than

two years and the settling of technology in society is still limited (do not confuse the

settling of technology with its popularity: virtual reality is very popular, but a large

part of society has never tried it), the population from which to extract a scientifically

acceptable sample is very small.

It is very difficult to know the exact number of early adopters of virtual reality in

Spain, given that most manufacturers do not make their sales public so as not to

discourage future investors and users. According to indirect sources (Statista,

2018), it is estimated that by 2018, less than 4 million viewers were sold on the world

market. This represents a percentage of technological applications, software and

video games users significantly lower than 1% of the total population (Newzoo,

2018), which approximately is 42% of the total population of society

(Enterteinment Software Association, 2016). Therefore, it can be considered that

currently, less than 5 per thousand of the population are of early adopters.

Another problem addressed in the study is how to locate virtual reality users, since it

is a heterogeneous group with different interests and socio-demographic profiles.

They are distributed according to different viewers (PSVR, Oculus Rift, HTC

Vive, WMR, etc.) and platforms (PC, PS4, smartphones, etc.), so it will be necessary

to access those global online portals they usually visit searching for information and

help to properly use their viewers and be informed.

The elotrolado.net is a forum portal for new technologies, digital leisure and video

games with more than 460,000 users and 10 million visits per month (Similarweb,

2018). It is the only Spanish-speaking portal that has a specific virtual reality forum

with more than 400 threads and 76,000 early VR adopters’ messages/contributions
on.2019.e01338
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from all viewers and platforms on the market (elotrolado.net, 2018). Therefore, it is

the ideal place to obtain a representative sample of early VR adopters.

On February 15, 2018, a new thread was created in the virtual reality forum explain-

ing the study to be carried out and hosting a hyperlink to the questionnaire designed

and maintained through the private server encuestafacil.com. This thread received

1,000 visits from users of elotrolado.net.

The sample of this study consists of 117 virtual reality users (21 women and 96 men)

owing any of the viewers marketed in Spain, with an average age of 36.91 years old

(36.19 for women and 37.07 for men) and a standard deviation of 6.39 (7.50 for

women and 6.15 for men). The sample was obtained after filtering 578 open ques-

tionnaires and eliminating the ’undelivered’ cases and 36 incomplete questionnaires.
2.2. Instruments for obtaining data

An ad hoc online questionnaire was designed and hosted at the Encuestafacil.com

private server, so that participants could remotely have access from any kind of elec-

tronic device with Internet. The questionnaire was assessed by the Scientific and

Ethical Committee of the Nebrija University and overcame a severe validation pro-

cess led by external experts. Moreover, the designed questionnaire had a high reli-

ability and internal consistency, measured through the Alpha’s Cronbach (0.826).

This questionnaire consisted of a first page where the participants expressed their

written and informed consent, three more pages with 25 quantitative questions

and a fifth page with open questions for future qualitative analysis.

Concerning this study, only quantitative results obtained in questions related to

demographical aspects and possibilities of use as a learning tool of the technology

have been considered in the analysis.
2.3. Assessed variables

The following variables were taken into account for the purposes of this study:

1. Gender: As a dichotomous variable (man or woman). Although gender differ-

ences in the use of video games and new technologies are narrowing, current

studies such as those by Rutherford (2018) or Dindar (2018) show that this

is still an attributive variable to be considered in this type of studies.

2. Age: As a discrete quantitative variable.

3. Educational level: As an ordinal categorical variable with four options (pri-

mary, secondary, university and postgraduate).

4. Current direct relationship with formal education: As a dichotomous variable

(YES, if the participant is a teacher or a student, and NO, if he/she is none
on.2019.e01338
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of them). This variable is important, as its daily involvement in formal educa-

tion can influence decisively the interest of the virtual reality user in its use as a

learning tool.

5. Previous experiences with advanced virtual reality viewers: As a dichoto-

mous variable (YES, if the participant has previously used a viewer special

for video game consoles or personal computers, and NO if he/she has only

used mobile phones in order to experience virtual reality). This variable is

important due to the limitations of the possibilities of mobile experiences,

and users who have not tried the advanced VR might not see its full

potential.

6. Level of the private viewer: As an ordinal categorical variable with three op-

tions (mobile phone, video game console and personal computer). This variable

reflects different uses and qualities according to the type of user. The PC user

has more possibilities, the mobile user wants an easier access and the video

console user is mainly interested in leisure.

7. Number of years using virtual reality: As an ordinal categorical variable with

four options (Less than one year, Between one and two years, Between two

and three years and More than three years). This variable is important, as users

using development kits for more than two years started with much more expen-

sive kits, less advanced and much more exclusive, demonstrating a true passion

for VR. Additionally, a descending curve of interest based on the antique tech-

nology could reflect that virtual reality can generate weariness, tiredness or

frustration in the long term.

8. Frequency of use: As an ordinal categorical variable with four options (Occa-

sionally, Once a week, Several times a week and One or more hours each day).

9. Current use of virtual reality as a learning tool: As a dichotomous variable

(YES, if the participant uses virtual reality in order to learn and obtain knowl-

edge, and NO, otherwise).

10. Interest in the use of virtual reality as a learning tool: As a dichotomous vari-

able (YES, if the participant shows an interest in its educational use, and NO,

otherwise).

11. Interest in the future use of virtual reality in formal education: As a dichoto-

mous variable (YES, if the participant would like to learn through the use of

this tool, and NO, otherwise).

12. Optimism regarding the future pedagogical possibilities of virtual reality: As a

dichotomous variable (YES, if the participant considers that the educational

field will have a proper development within the virtual reality sphere in the

future, and NO, otherwise).
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2.4. Design and procedures

A cross-sectional descriptive study of virtual reality users in Spain and the interest

in the use of this technology as a learning tool assessment of the technology was

carried out, evaluating the influence and interaction of several nominal, ordinal

and quantitative variables.

Once the data of the participants was anonymously collected, the statistical analyses

were performed using SPSS statistical software.

Arithmetic mean and standard deviation were used as descriptive statistics for the

quantitative variable ‘Age’, and frequency distribution was used for the rest of vari-

ables. Concerning inferential statistics, the significance level of the discrete quanti-

tative variable ‘Age’ has been analysed by comparing means through Snedecor’s F

distribution non-considering equality of variances. For the rest of the nominal and

ordinal variables, as purely quantitative analyses could not be carried out, Chi-

squared test was conducted on contingency tables to test whether or not a relation-

ship exists between variables, and Somers’D to reflect strength and direction of the

association between variables.

Finally, decisions regarding the significance were made with confidence levels of

99% (a: 0.01) and 95% (a: 0.05) in the collected results.
3. Results

Table 1 presents the frequency distribution obtained through the studied sample in

the nominal/dichotomous variables and in the ordinal variables assessed during

the study.

In a first simple analysis of the results, Table 1 shows that the majority options are

the following: to be a man (82.1%); to have at least university studies (university stu-

dents plus postgraduates amounts to 64.1%); not to have a direct relationship with

education (76.9%); to have previously tried advanced virtual reality viewers

(82.1%); to be users of video game consoles viewers (46.2%); to have acquired a

viewer during the last year (61.5%); to use virtual reality at least once a week

(63.2%); not to use virtual reality as a learning tool (86.3%); not to have interest

in its use as a learning tool (71.8%); to have interest in learning through virtual reality

in the future (51.3%); and not to have optimism regarding its future pedagogical pos-

sibilities (47%).

Concerning the discrete quantitative variable ‘age’, the global mean obtained was M:

36.91 with a standard deviation of SD: 6.39. In relation to its combination with the

“gender” variable, it can be observed in Fig. 1 below that presence of men (82.1%) is

significantly higher than presence of women (17.1%). However, age difference does
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Table 1. Frequencies distribution according to the variables considered in the

study.

Gender Frequency Percentage

Man 96 82.1

Woman 21 17.9

Educational level Frequency Percentage

Primary 3 2.6

Secondary 39 33.3

University 49 41.9

Postgraduate 26 22.2

Current direct relationship with formal education Frequency Percentage

None 90 76.9

Teacher or student 27 23.1

Previous experiences with advanced virtual reality viewers Frequency Percentage

No 21 17.9

Yes 96 82.1

Level of the private viewer Frequency Percentage

Mobile phone 26 22.2

Video game console 54 46.2

Computer 37 31.6

Number of years using virtual reality Frequency Percentage

Less than one year 72 61.5

Between one and two years 35 29.9

Between two and three years 4 3.4

More than three years 6 5.1

Frequency of use Frequency Percentage

Occasionally 43 36.8

Once a week 25 21.4

Several times a week 40 34.2

One or more hours each day 9 7.7

(continued on next page)
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Table 1. (Continued )

Current use of virtual reality as a learning tool Frequency Percentage

No 101 86.3

Yes 16 13.7

Interest in the use of virtual reality as a learning tool Frequency Percentage

No 84 71.8

Yes 33 28.2

Interest in the use of virtual reality in formal education in
the future

Frequency Percentage

No 57 48.7

Yes 60 51.3

Optimism regarding the future pedagogical possibilities of
virtual reality

Frequency Percentage

No 62 53.0

Yes 55 47.0

Total 117 100.0

Source: Self-elaboration
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not imply statistical significance according to gender, as it can be seen in Table 2.

Only the ‘Optimism regarding the future pedagogical possibilities of virtual reality’s

variable presents a different performance in combination with the ‘age’ variable.

Those who feel more optimistic are significantly younger (M: 35.56; SD: 5.74)

than those who do not feel that way (M: 38.11; SD: 6.74).

The significance of the observed differences between the various nominal and

ordinal variables of this study may be analysed from Table 3. This table shows

the values obtained from the contingency tables using the statistical Chi-squared

test, which shows the significance of the correlations between two variables, and

the Somers’ D, which shows the significance and direction of the correlations

observed.

It should be taken into account that in order to establish a direction in significance,

some nominal variables were given different scores, thus becoming ordinal vari-

ables. Therefore, the relationship between the man/woman category and the rest

of the assessed variables can be easily observed. Otherwise it would not be possible

to establish which gender has a direct or inverse association with the rest of the

measured variables. The same conversion was carried out in every dichotomous
on.2019.e01338
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Fig. 1. Age and gender pyramid.

Source: Self-elaboration

Table 2. Comparison o

Variables

Gender

Educational level

Current direct relationship wit

Previous experiences with adv

Level of the private viewer

Number of years using virtual

Frequency of use

Current use of virtual reality a

Interest in the use of virtual re

Interest in the use of virtual re

Optimism regarding the future

a Comparison of means is sign
Source: Self-elaboration

12 https://doi.org/10.1016/j.heliy

2405-8440/� 2019 The Auth

(http://creativecommons.org/li

Article Nowe01338
variable, giving the higher score to the category associated with the answer “YES” in

each one of those variables.
f means by age over the rest of the variables through ANOVA test.

Sum of
squares

df Root mean
square

F Sig.

13.418 1 13.418 .327 .569

165.879 3 55.293 1.367 .256

h formal education 20.616 1 20.616 .503 .480

anced virtual reality viewers 27.568 1 27.568 .673 .414

161.535 2 80.768 2.013 .138

reality 169.738 3 56.579 1.400 .246

57.568 3 19.189 .464 .708

s a learning tool 51.353 1 51.353 1.261 .264

ality as a learning tool 33.517 1 33.517 .820 .367

ality in formal education in the future 4.044 1 4.044 .098 .754

pedagogical possibilities of virtual reality 189.408 1 189.408 4.792 .031a

ificant at the level of 0.05.
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Table 3. Contingency table using the chi-squared test (first value in each cell) and Somers’ D (second value in each cell).

Gender EL DRFE PEV LPV YUV FU CUL ILT ILE OFP

Gender - 14.55**
.3**

12.38**
.32**

20.6**
�.42**

30.29**
�.17

10.06*
�.083

27.1**
�.35**

18.463**
.395**

1.24
.1

.352

.053
.177

�.038

EL 14.55**
.3**

- 15.32**
.3**

6.70
�.17*

13.63*
�.17

15.37
�.02

17.45*
�.26**

3.62
.14

.25

.03
3.99
.1

3.2
.11

DRFE 12.38**
.32**

15.32**
.3**

- 12.38**
�.32**

22.57**
�.31**

5.11
�.06

8.04*
�.18*

4.46*
.19

1.35
.11

.138
�.03

.018
.0.12

PEV 20.60**
�.42**

6.7
�.17*

12.38**
�.32**

- 59.88**
.47**

1.56
.0.8

17.82**
.28**

4.81*
�.2

.33
�.05

.012
�.01

.82

.08

LPV 30.29**
�.17

13.62*
�.17

22.57**
�.31**

59.88**
.47**

- 12.02
.05

31.92**
.3**

19.07**
�.09

2.35
�.05

.64
�.03

2.06
.11

YUV 10.06*
�.08

15.37
�.02

5.11
�.06

1.56
.0.76

12.02
.05

- 23.39**
.16

18.18**
.05

6.35
.09

2.88
�.081

5.25
.179*

FU 27.1**
�.35**

17.45*
�.26**

8.04*
�.18*

17.82**
.28**

31.92**
.3**

23.39**
.16

- 2.98
�.04

3.44
.13

7.296
�.044

2.957
.142

CUL 18.46**
.39**

3.62
.14

4.46*
.19

4.81*
�.20

19.07**
�.09

18.18**
.05

2.98
�.043

- 32.18**
.51**

4.17*
.18*

3.52
.16

ILT 1.24
.1

.25
.0.3

1.35
.11

.33
�.05

2.35
�.05

6.3
.09

3.43
.13

32.18**
.51**

- 11.02**
.31**

5.1*
.21*

IUE .35
.05

3.99
.1

.14
�.03

.01
�.01

.64
�.03

2.88
�.08

7.3
�.04

4.17*
.18*

11.02**
.31**

- 10.62**
.3**

OFP .18
�.04

3.2
.11

.02
.0.12

.82

.08
2.06
.11

5.25
.18*

2.96
.14

3.52
.16

5.1*
.29*

10.62**
.3**

-

EL: Educational level; DRFE: Current direct relationship with formal education; PEV: Previous experiences with advanced virtual reality viewers; LPV: Level of the private viewer; YUV: Number
of years using virtual reality; FU: Frequency of use; CUL: Current use of virtual reality as a learning tool; ILT: Interest in the use of virtual reality as a learning tool; IUE: Interest in the use of virtual
reality in formal education in the future; OFP: Optimism regarding the future pedagogical possibilities of virtual reality.
*Correlation is significant at the level of 0.05/** Correlation is significant at the level of 0.01.

Source: Self-elaboration
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From the previous Chi-squared test and Somers�D conducted on the contingency ta-

ble, it can be outlined that some combination of variables shows a statistically sig-

nificant relationship. For instance, the ‘gender’ variable shows that women have a

significantly higher educational level, higher number of women are related to formal

education and higher number of women use virtual reality as a learning tool. On the

other hand, men have more frequently tried the advanced viewers and used virtual

reality viewers.

The current direct relationship with formal education is also significantly and

directly associated to the educational level and significantly and inversely asso-

ciated to the fact of having tried an advanced virtual reality viewer, to the level

of the private virtual reality viewer and to the frequency of use of virtual

reality.

In addition to the before mentioned significant relationships, the frequency of use is

significantly and directly associated to the fact of having tried an advanced virtual

reality viewer and to the level of the private virtual reality viewer. The same variable

is significantly and inversely associated to the educational level.

Another strong and direct significant relationship is found between the fact of having

tried an advanced virtual reality viewer and the level of the private viewer.

Regarding the variables directly related to the use and interest of virtual reality as a

learning tool, it can be generally observed that strong and positive significant corre-

lations exist. Both affirmative answers of having interest in the use of virtual reality

as a learning tool and in learning through virtual reality in formal education in the

future are significantly and directly associated between them. They are as well asso-

ciated with the two other variables considered (the current use of virtual reality as a

learning tool and the optimism regarding the future pedagogical possibilities of vir-

tual reality).

Results in the previous contingency table also show a statistically significant and

nonlinear or second-degree association, which implies combinations of variables

with significant values through the Chi-squared test but not through Somers’ D.

This situation exists when some of the categories for a variable produce a partial

influence over other variable, such as ‘Number of years using virtual reality’ var-

iable; its performance is different depending on the associated variable because in

the case of categories in which users have been using virtual reality since recently,

the interest of the user in this technology is still in a stage of discovering of its pos-

sibilities, so their frequency of use is unusually high and their interests very varied

when wanting to try all the possibilities of the new technology. Regarding the

‘Level of the private viewer’, the category ‘Video game console’ has a different

performance in relation to the ‘gender’ variable (see Fig. 2), and in ‘Current use

of virtual reality as a learning tool’ (see Fig. 3). The fact that among the users of
on.2019.e01338
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Fig. 2. Level of the private viewer and gender.

Source: Self-elaboration
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game consoles viewers (Sony PSVR) there are no women, nor interest in the use of

the VR as a learning tool, indicates a very specific user profile with an interest

directly associated with leisure.
4. Discussion

The description of the social and demographic profile of the first generation of virtual

reality viewers users in Spain is the primary objective of the presented work. In a first

analysis, this profile has been asserted, according to the percentages produced by this

study, It would mainly correspond to a man (81.2%), with an age of 37, with univer-

sity studies (62.1%), without a current direct relationship with formal education

(23.1%), who had previous experiences with advanced virtual reality viewers

(82.1%), mainly owner of a video game console (46.2%), who acquired a viewer dur-

ing the last year (61.5%) and uses its own viewer at least once a week (63.2%).

Once carried out an in-depth analysis, the study of the contingencies between the

evaluated variables led to the following conclusions:
on.2019.e01338
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Fig. 3. Level of the private viewer and current use.

Source: Self-elaboration
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� First of all, concerning the age, it should be remarked that the early adopters of

virtual reality in Spain does not meet the standard profile of the first Information

and Communication Technology (ICT) users (Yildirim, 2017), as the average age

(M: 36.91) shows that those who are initially more interested in this technology

are individuals closer to maturity than to adolescence. This could be certainly ex-

plained because this technology is currently expensive and shows little appreci-

ation among the parents of teenagers. Therefore, an economic independence

would be necessary and, as a consequence, many adolescents and young possible

users cannot afford to access it in many cases. This fact contrasts with the data

collected under the last survey about equipment and use of ICT at Spanish house-

holds in 2017 (INE, 2017). The main conclusion of this study was that individ-

uals who used the mobile phone during the last three months (99.0%), who have

ever used the computer (97.5%) and who have ever used the Internet (98%) corre-

spond to the age group including ages between 16 and 24, closely followed by

the age group between 25 and 34 years old and, in the third place, the age group
on.2019.e01338
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Table 4. Use of ICT devices according to demographic features and type of

device.

Individuals who used the
mobile phone during the
last 3 months

Individuals who
have ever used
the computer

Individuals who
have ever used
the Internet

Age: Between 16 and 24 99,0% 97,5% 98,0%

Age: Between 25 and 34 98,8% 93,9% 97,4%

Age: Between 35 and 44 99,2% 92,3% 96,7%

Age: Between 45 and 54 97,5% 85,3% 91,5%

Age: Between 55 and 64 94,4% 69,4% 76,1%

Age: Between 65 and 74 85,3% 45,7% 46,5%

Source: Spanish Statistical Office (2017)
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of individuals between 35 and 44 years old (who in turn are those who stand out

in this study concerning the use of virtual reality viewers (Table 4).

� Regarding the ‘gender’ variable, both genders have a different profile and show

distinct approaches towards virtual reality. Women who use virtual reality have a

higher educational level, are often teachers or students, use virtual reality for

learning purposes, use their viewers less frequently, have tried less personal com-

puter viewers and their viewers are not video games consoles (they usually prefer

to approach virtual reality by means of mobile phones). These results can be ex-

plained considering that women usually approach virtual reality for working or

learning purposes rather than a leisure one, which would justify the whole profile

before described. These gender differences confirm the results obtained in recent

studies, which still regard a greater consumption of digital leisure among men

(Dindar, 2018; Rutherford, 2018).

� Concerning the educational level, apart from the differences between genders be-

ing significant, in cases with a higher educational level, there is higher relation-

ship with formal education and the viewer is used less frequently. Taking into

account that the main current use of virtual reality viewers is related to leisure

(Dombrowski and Dombrowski, 2017; S�anchez-Cabrero et al., 2018a,b), this

result is justified considering the previous conclusion, because an approach to

this technology in a professional way implies a specific and unusual use of it.

� Regarding teachers and students (who are usually women with a high-level edu-

cation), it can be asserted that they occasionally try advanced viewers, have

mostly mobile viewers and use their viewers less often. Within these groups,

as it is shown in this study, portability and easy access to this technology are

more important than an advanced exploitation of its possibilities, which can be

done through personal computer viewers. Moro’s et al. (2017) study supports

this assertion, giving a positive value to the educational efficiency of mobile

viewers and its cost-performance ratio. Nevertheless, this study advised against
on.2019.e01338

ors. Published by Elsevier Ltd. This is an open access article under the CC BY license

censes/by/4.0/).

https://doi.org/10.1016/j.heliyon.2019.e01338
http://creativecommons.org/licenses/by/4.0/


18 https://doi.org/10.1016/j.heliy

2405-8440/� 2019 The Auth

(http://creativecommons.org/li

Article Nowe01338
the use beyond an occasional and unusual manner, as they found that mobile

viewers caused dizziness and nauseas to a 40% of the studied sample (Moro

et al., 2017).

� This study clearly confirms that those who try advanced virtual reality viewers

on a computer finally acquire them and use them more frequently. Moreover,

those individuals are not usually women or teachers. This result shows how

important is to try the product for this new technology, because thanks to it,

the potential buyer is encouraged to acquire the product. This conclusion is

related to the study of Bu�n et al. (2017), who considered that one of the features

hindering the expansion of virtual reality in the current market is the difficulty

selling a product which can only be known through itself, which explains why

the Internet, radio or TV commercials do not have the expected impact (Bu�n

et al., 2017).

� If we analyse the results obtained under the variable ‘Number of years using vir-

tual reality’, it can be observed that recent viewer’s acquirers have not used them

as a learning tool. Probably this could be mainly explained because they are still

in a discovering stage of the technology (Kim et al., 2017) so they are initially

interested in exploring its possibilities and living original experiences. Once

this initial stage gets past, they will start to open their interest to those features

that virtual reality can offer and value how virtual reality can provide them

with what they really want.

� Finally, regarding the frequency of use of virtual reality, as it has already been

presented under the previous variables, those who make a greater use are men,

with lower educational level, no related to formal education and who have

both tried and own advanced viewers. The results obtained by Dindar (2018) sup-

port the relationship shown in this study among gender, frequency of use and

formative level.

In response to the second objective of this research, related to the assessment of the

interest that early adopters of virtual reality may have in its use as a learning tool, in

order to make an evaluation of its possible future inclusion within the formal educa-

tional environment, the following is concluded:

� First of all, the participants of the study directly related with formal education

(students and teachers) are especially important in order to respond to this objec-

tive. They represent only the 23.1% of the sample and they prefer the portability

that mobile virtual reality offers rather than the deeper experience that the others

viewers can present, besides the fact that they only occasionally use this technol-

ogy. These results partly explain why virtual reality implantation is being so slow

in this field (Kavanagh et al., 2017). The possible future reduction in costs for the

user of advanced virtual reality equipment may bring virtual reality closer to the

classroom, as it can be stated from this study, because the use of an advanced VR
on.2019.e01338
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viewer is directly associated with greater frequency of use. Currently, prices of

viewers are excessively high in order to use them in the classroom in all their po-

tential, so their use is very reduced and limited.

� Concerning the current use of virtual reality as a learning tool, it is still a minority

who uses it for this purpose (13.7% of the sample). However, this fact is not

yet alarming, because we are facing a technology that takes its first steps, with

numerous lacks, especially regarding everything that goes beyond the leisure

field (Domingo and Gates Bradley, 2017).

� Those who use virtual reality as a learning tool (13.7%) are usually women, show

more interest in learning with virtual reality and would like to learn in the future

in formal education using this technology. This particular low percentage is also

explained because there are currently very few experiences available in this field

and they have a very low budget, which makes that experiences related to other

fields, such as videogames, video, tourism, etc. result much more attractive and

better developed for the end user (Yildirim; 2017; Yildirim et al., 2018). Prob-

ably, the more the offer increases, the greater the percentage of users of virtual

reality with an educational purpose will also be, as it is shown under higher per-

centages of other variables presented in this study such as ‘Interest in the use of

virtual reality as a learning tool’ (28.2%), ‘Interest in the use of virtual reality in

formal education in the future’ (51.3%) and ‘Optimism regarding the future peda-

gogical possibilities of virtual reality’ (47%).

� Regarding those who have interest in using virtual reality as a learning tool, in a

first approach it could be asserted that the percentage is not so high. Nevertheless,

when comparing them with those who currently use virtual reality viewers with

pedagogical purposes, it clearly results that they are more than double (28.2% vs.

13.7%). This supports the idea that virtual reality is not often used as a learning

tool due to the lack of experiences and applications, and not because users have

no interest in it. On the other hand, there is a significant direct correlation be-

tween every variable related to the valuation of the virtual reality used as a

learning tool, which explains the coherence regarding that interest in the future,

when suitable conditions are in place.

� Finally, both variables ‘Interest in the use of virtual reality in formal education in

the future’ (51.3%) and ‘Optimism regarding the future pedagogical possibilities

of virtual reality’ (47%) show that a great percentage of users are interested in the

virtual reality-education binomial. Therefore, we can be optimistic regarding its

future evolution, as one of the more significant indicators associated to the

consolidation of a product is the presence of an important number of individuals

showing interest in it.
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5. Conclusions

To sum up, according to the analysed results, it can be asserted that the relationship

between the educational field and the virtual reality technology is currently at a

crucial moment. This technology is now taking its first commercial steps and, there-

fore, its efforts are focused on putting itself in the map and promote its sales, mainly

as a leisure tool, as the majority of applications designed for the different platforms

and the greatest interest of their users are directed towards leisure (Newzoo, 2008;

Statista, 2018). In this study, moreover, it has been observed that this marked interest

in leisure is much greater regarding virtual reality viewers for video consoles

(PSVR), which are especially designated for that use, and among male users who

also use their computers more frequently. Its educational use is not a priority right

now and those interested in it still have few options, as shown in the reduced supply

of educational applications in the Oculus Store, for instance (Unimersiv, 2018).

However, its current use is far from being a mere anecdote, as a 13.7% of use means

a visible range of users of the whole.

Interest in the use of virtual reality as a learning tool is much higher than its current

use, as concluded in this study, and the optimism concerning better pedagogical pos-

sibilities of virtual reality reaches almost half of the users. This rate of optimism,

joined to the fact that this technology is taking its first steps and the initial conditions

are not yet the best, shows indications rather encouraging. This conclusion is similar

to other researches such as Yildirim’s (2017) or Fern�andez-Robles (2016), who also

observed an interest in the use of virtual reality as an educational tool among a sam-

ple of students.

Nevertheless, the progress of this relationship between education and virtual reality

in the future depends on the development of applications and experiences within this

concrete field. The results show that the lack of applications is hindering the interest

of the users, so they are fundamental and necessary. Without them, these first green

shoots could wither on short notice and this relationship could get cold and be

wasted in the future.

Another problem to be faced in the future for the use of virtual reality as a learning

tool is accessibility to groups of students. Currently, teachers participating in this

study prefer cheap equipment and sporadic use. If prices are reduced, it is likely

that teachers will end up using better equipment and increasing the time of use,

considering greater possibilities of virtual reality as a tool for learning.

Discussions about the curricular quality and adequacy of schools to the 21st cen-

tury reality are necessary as an urgent challenge with significant repercussion on

the international political-pedagogical debate. Numerous organizations are urging

upon the need of reformulating the pedagogical culture in order to achieve educa-

tional institutions where the ICT become actual pedagogical tools and, generally,
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the students could take advantage of their complete development, instead of been a

mere mechanical response to problems disconnected from reality (Vivanco and

Gorostiaga, 2017). At this point, virtual reality will play an important role, since

it is the technology destined to bring the educational sphere closer to reality. It

will be able to consider experiences so near to reality that they could generate emo-

tions and sensations very similar to those generated by reality itself, bringing the

distance between educational simulation and reality so close that they almost

can touch each other.

The correct use of the virtual reality technology applied to the educational world

is now part of these challenges. Software and all kind of tools and applications

that make students travel to the inside of contents are spreading, allowing the

reconstruction and direct experimentation of any imaginable situation inside

the classroom (Costa-Roman, 2016). Virtual reality is the technology that will

best achieve the objective of bringing the student closer to learning situations

as close to reality, without the need to assume the risks involved (as, for

example, travelling through the Milky Way, getting involved in a historical

war, adopting the size of a molecule to know the microscopic world, etc). The

possibilities of offering a greater quality education are multiplied exponentially,

as well as the motivation of students towards learning (Fern�andez-Robles, 2016).

So that, from all the new technologies applicable to education, there are good

reasons to consider the development of virtual reality applications for education

as a priority.

Nevertheless, due to their emerging pedagogical use, it is not currently possible

to do a solid prospective reflection about every educational possibility that their

correct use in teaching procedures would have. It will be necessary, at least, to

wait until this technology settles down to evaluate the limits of its potential

reach.

This study has described the social and demographic profile of the early adopters of

virtual reality in Spain and has assessed their interest in this technology. Therefore,

together with other studies, a series of rational evidences and considerations are

emerging step by step that allows us to have a clearer and wider idea about the

real possibilities of virtual reality that is arriving to the classrooms. To explore con-

texts, to experience sensations, to travel through time and to live experiences at the

classroom, unthinkable a few years ago, it means a new world of possibilities that is

modifying classrooms, educational institutions, pedagogical stereotype and, ulti-

mately, the educational world as we know it until now.
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