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Abstract

This paper is based on an educational experience carried out in a faculty of education in
Andalusia, in which, through some class dynamics, students worked with virtual reality and,
specifically, with Pil Books as a digital tool. The methodology used in this research is quantitative
and the instrument used is a questionnaire, developed ad hoc, with the aim of knowing what
perception future teachers have of the use of Pil Books as well as its potential at the curricular
level and for the development of skills and executive functions. This paper presents a descriptive
analysis of the dimensions and items that make up the questionnaire, different analyses of
variance (ANOVA), and multiple linear regressions to find out if any of the variables in this
study predicts another. The results show that students make a positive assessment of the digital
tool and that it has positive implications at the curricular level and in the development of
students’ attention and decision-making abilities. In addition, we conclude that the students’
perception of the tool is predicted by the applications it has for the class curriculum and by the
way in which it allows the development of the students’ executive functions and skills.
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Este trabajo estd basado en una experiencia educativa realizada en una facultad de educacién
de Andalucia, en la que, a través de una dindmica, los y las estudiantes trabajaron con realidad
virtual y, en concreto, con Pil Books como herramienta digital. La metodologia utilizada en esta
investigacion es de corte cuantitativo y el instrumento que se utiliza es un cuestionario, elaborado
ad hoc, con el objetivo de conocer la percepcion que tienen los futuros docentes acerca del uso de
Pil Books asi como sus potencialidades a nivel curricular y desarrollo de habilidades y funciones
ejecutiva a través de esta herramienta. A lo largo de este trabajo se exponen un andlisis descriptivo
de las dimensiones y de los items que conforman el cuestionario; distintos andlisis de varianza
(ANOVA); asi como regresiones lineales miiltiples para conocer si alguna variable del estudio es
predictora de otra. Los resultados muestran que el estudiantado hace una valoracién positiva de
la herramienta digital y que, tiene implicaciones positivas a nivel curricular y en el desarrollo de
la atencidn y en la capacidad de toma de decisiones. Ademds, se concluye que la percepcion del
estudiantado sobre la herramienta es predicha por las aplicaciones que tiene a nivel curricular y
por la forma en que permite desarrollar las funciones ejecutivas y habilidades de los y las
estudiantes.

Palabras clave: realidad virtual; inclusion; STEM; educacion superior.

Introduction

When we talk about virtual reality we are alluding to an active and innovative
methodology that is currently very present in educational centers, and that involves
entering a fictional environment that is very faithful to reality with the help of various
electronic devices and specific hardware that allows three fundamental aspects to occur:
realism, sensory involvement and interactivity; with the aim of achieving the greatest
possible immersion (Diaz and Arango, 2018; Ferreira et al., 2021; Slater et al., 2019).

This technological boom involving information and communication technologies in
the daily praxis of educational centers begins on paper with the Organic Law 2/2006 on
Education (LOE), which points out the need to "build an open learning environment,
make learning more attractive and promote active citizenship, equal opportunities and
social cohesion" (p. 17160). Later, the Organic Law 8/2013 for the improvement of
educational quality (LOMCE), continues to defend the use of ICT in the classroom with
the same argument (Campos-Soto et al., 2020). Such is the importance of the use of digital
technology in the classroom today that both Royal Decree 95/2022, which establishes the
organization and minimum teaching standards for Early Childhood Education, and Royal
Decree 157/2022, which establishes the organization and minimum teaching standards for
Primary Education, allude to the need to initiate "the process of digital literacy" and to
work on digital competence as a key competence for developing in the 21st century
(Estévez-Carmena, 2023).

Currently, the Organic Law 3/2020, of December 29, amending the Organic Law 2/2006,
of May 3, on Education (LOMLOE), goes a step further and argues that the use of ICT in
the classroom, in an appropriate manner, promotes educational inclusion, equitable and
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quality (Gémez-Jiménez, 2022). The digitization of teaching makes it possible to make the
leap towards a more competency-based model where knowledge is constructed. In this
sense, the Universal Design for Learning (UDL) is a fundamental component to facilitate
this proposal, which implies an autonomous, reflective, cooperative and responsible way
of solving challenges on the part of students. To this end, the teacher must consider how
to organize spaces and times, and the type of methodology to be used, while taking into
account curricular aspects to promote access and permanence in the educational system
for students. Likewise, the SAD is based on three fundamental principles:

- Principle 1: seeks to provide multiple means of representation. Aimed at teachers.

- Principle 2: seeks to facilitate multiple means of action and expression. Aimed at
students.

- Principle 3: seeks to provide multiple forms of involvement. Aimed at teachers and
students.

These three principles are present in some way when virtual reality is used as a
resource in the classroom. In fact, there are numerous investigations that position the use
of digital technology in education as one of the fundamental pillars to achieve educational
inclusion (Almenara and Pérez, 2016; Kerexeta-Brazal et al., 2022; Reyes Chavez and
Prado Rodriguez, 2020), as well as to improve educational practice in different contexts
(Lugo and Ithurburu, 2019; Villar et al., 2021).

In this research the free tool Pil Books has been used with potential teachers. This open-
use tool allows different immersive experiences in different environments, through which
you can interact and learn in a more meaningful way various curricular content (plants,
animals, planets, etc.) included in the kindergarten curriculum in Andalusia (Spain). The
person who wants to use it only needs a mobile device and virtual reality glasses. With
the mobile must scan the QR code of the desired theme (https://pilbooks.com/about-us/)
and can live from that moment in a fictional world, very real.

Virtual reality: a created, interactive, multisensory and inclusive reality

Likewise, it can be said that virtual reality in general, and Pil Books in particular,
represent an inclusive practice in the classroom, since according to the three principles
described by the SAD (Diaz, 2022), the following can be extracted:

Principle 1. Provide multiple means of representation

- It provides different options for perceiving information. Information can be
received through various sensory pathways (auditory, visual).

- Provides multiple options for language and symbols. Promotes understanding
between different languages, being a powerful tool for language learning, which
illustrates, in turn, the ideas by different means.
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- Provides options for understanding. Allows through visualization and interaction
a more meaningful learning, improving memory and the transfer of information
to real life.

Principle 2: Facilitating multiple means of action and expression

- Provides multiple physical means of action. Allows interaction with the elements,
and change of "scenario” of action or learning.

- It provides options for expression and makes communication fluid. VR offers
different levels of learning acquisition.

- It provides options for the executive function. It allows to obtain feedback of the
learning; the information is perfectly planned and organized establishing with
clarity the objectives.

Principle 3: Provide multiple forms of involvement.

- Provides options to capture interest. Allows cooperative work and enables
autonomous and individual learning.

- Provides options for sustaining effort and persistence.

- Provides options for self-regulation. Promotes students' self-esteem and self-
concept, increasing motivation among students.

All these principles invite us to think that the use of VR is an inclusive way of teaching
and learning, since it adapts to the individualities of each of the students (Lobos and
Castro, 2020). In addition, they address aspects outlined in the dimensions taken into
consideration in this research work: "Subjective perception of Pil Books" (it has to do with
being a motivating, fun, attention-holding resource, etc.), "application of Pil Books at the
curricular level" (it has to do with the learning of content itself); and development of
executive functions through Pil Books (it is related to other transversal skills developed
by the tool).

In this sense, the main objective of this study is to find out what future teachers think
about the use of Pil Books at a general level, taking into consideration its projection with
respect to curricular development and the repercussion it has on the development of skills.

Method
Population and Sample

The participants in this study were selected through convenience sampling (Otzen &
Manterola, 2017), since the students involved in the study were second-grade early
childhood education students and students of the researchers in this study. In addition,
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this is a cross-sectional research study, since the data shown were collected from the 2019-
2020 academic year to the 2022-2023 academic year. The total sample consisted of 235
participants of whom gender, age and use of devices to view audiovisual content have
been taken into consideration. Likewise, between 18-20 years, there are 107 women and 4
men; between 21-23 years, 94 are women and 7 men; between 24-26 years there are 14
women and 3 men; and the people in the study with more than 26 years correspond to 5
women and 1 man. Figure 1 shows these data:
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Figure 1. Relationship between age and sex distribution

In addition, participants were asked about the devices they normally use to watch
audiovisual content. In this regard, it was obtained that, of the total number of people
surveyed, they use PC/MAC 42 women and 6 men; smartphone 91 women and 1 man;
Tablet 28 women and 3 men; video console only 2 women; other devices 57 women and 5
men (Figure 2).
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Figure2 Distribution relationship between gender and devices used to watch audiovisual content.

Students in the same course and of the same subject in different years were also asked
about the technological devices used by the student body (Figure 3). The responses were
very similar. In the year 2019-2020, students used in the same proportion the smartphone
(35.48%) and video game consoles (35.48%); then they used PC/Mac (22.58%) and the least
used was the Tablet (6.45%). In 2020-2021, again used in the same dimension the
smartphone (33.33%) and game consoles (33.33%); then PC/MAC (20%); Tablet (12%) and,;
lastly, other devices (1.33%). In 2021-2022 the trend is repeated, as what they use the most
is the smartphone (50%), although this time the game console is not used as much as
previous promotions (19.35%). This is followed by PC/MAC (16.13%), tablet (12.9%) and
other devices (1.61%). Finally, in 2022-2023 the smartphone is again at the top of most used
tools (37.31%), followed by the PC/MAC (23.88%), game consoles (20.9%) and the Tablet
(17.9%).
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Instrument

An ad hoc questionnaire was used for data collection, called Questionnaire on the
effectiveness and efficiency of Pil Books in Higher Education. The objective of this
questionnaire is to know the subjective perception that future teachers have about the use
of the digital tool Pil Books, the potential of its use at the curricular level and its impact on
the development of skills. The questionnaire had 22 items in total, distributed as follows:
six items in the first dimension, four items in the second dimension and nine items in the
third dimension; and it was distributed online through the Google Forms platform.

In this regard, it is important to note that before distributing the questionnaires, the
participants were informed of the main objective of the study and their consent to
participate in it was requested, while rigorously maintaining the procedures that ensure
the anonymity of each participant and the privacy of the information in order to maintain
the right to data protection.

After carrying out this ethical procedure, the validity and reliability of the instrument
was assessed by means of different statistical analyses. To determine the construct
validity, two analyses were performed. Firstly, an exploratory factor analysis (EFA,
hereafter), through the Parallel Analysis Optimal Implementation (PA) method
(Timmerman and Lorenzo-Seva, 2011); in addition to a "Robust Maximum Likelihood"
(RML) common factor extraction process with "Oblimin weighted" rotation criterion
(Lorenzo-Seva, 2000), extracting a Kaiser-Meyer-Olkin index (KMO) of .941, , Bartlett's test
of sphericity with p=0.000 and a residuals analysis with RMSR= 476, considered adequate
for the model (Aldas and Uriel, 2017). In addition, the total variance explained is 65.49%,
reflecting this an adequate balance between the three dimensions of the instrument.
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Table 1

Matrix of rotated factors.

Factor 1. Subjective Factor 2. Pil Book learning Factor 3. Skills

Variables perception of the at the curricular level development and Pil
resource Book

Vi .710

V2 774

V3 491

V4 .557

V5 730

Veé 811

V7 .656

V8 738

Vo .795

V10 493

V11 .806

V12 .756

V13 .380

V14 769

V15 .648

V16 .937

V17 .810

V18 .756

V19 .670

V20 391

V21 330

V22 592

Secondly, with the aim of comparing and confirming the model extracted from the
AFE, a confirmatory factor analysis (hereinafter CFA) was performed. The CFA was
carried out using SPSS Statistics version 26 and Factor Analysis (12.02.01). The results
obtained from this analysis, considering a Maximum Likelihood (ML) method for the
extraction of common factors, showed that the factor loadings of all the items were not
above .4. Therefore, three items had to be eliminated, leaving 19 items distributed in the
three dimensions mentioned above.

After this, the CFA was performed again, with the same method already mentioned
and the model fit could be checked through the X2 test/degrees of freedom, the
comparative goodness of fit index (CFI) with .963; the incremental fit index (IFI) with .963
and; the normed fit index (NFI), with .921; the Tuker-Lewis index (TLI) with .952; the root
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root mean square residual of approximation (RMSEA) with .058; and the expected cross-
validation index (ECVI) with a value of 1.51, all of these values being adequate (Browne
and Cudeck, 1992; Byrne, 1994; Hu and Bentler, 1998; Schumacker and Lomax, 2004). On
the other hand, the reliability of the instrument was performed through the internal
consistency approach (Merino-Soto, 2016), obtaining a Cronbach's Alpha of .936, which
shows a high reliability of the among all items of the questionnaire.

Data collection and analysis procedure

This research work addresses three objectives:

1.

To describe the opinions of future teachers about the Pil Books digital tool, taking
into account their subjective perception, curriculum and skills development.

To analyze whether there are differences between the dependent variables (three
dimensions) of the study and the independent variables (sex, age, academic year
and electronic devices used).

To establish models that predict the subjective perception of students regarding
Pil Books, based on the curricular development that allows the use of this digital
tool and, in addition, the development of skills and executive functions offered by
this virtual reality.

In order to respond to these objectives, different analyses have been carried out
through which we have been able to respond to the initially stated objectives:

First, we carried out a descriptive analysis of the 19 variables that make up the
questionnaire. To do this, we looked at the statistics of central measurement
(mean) and dispersion measurement (standard deviation).

A descriptive analysis of the dimensions and items that make up the questionnaire
was then performed. Thus, we performed the distribution of frequencies, the
statistics of central measurement and the measures of dispersion.

Subsequently, different analyses of variance were carried out to determine
whether there was a relationship between the three dimensions of the
questionnaire and the independent variables that alluded to their personal data
(sex, age); academic (academic year); technological (use of PC/MAC, digital tablet,
smartphone, video console or others). For this purpose, the ANOVA test was
implemented, using the SPSS 26 statistical package.

Finally, to predict whether any of the dimensions were predictors of the others,
multiple linear regressions were performed.

The 19 items of the questionnaire were measured on a Likert-type scale of 1 to 5, where
1 means totally disagree and 5 means totally agree. In addition, the students had to answer
a series of questions related to gender, age, the degree they were studying, the academic
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year they were in and the technological devices they were using (choosing between
PC/MAC, smartphone, Tablet, video console or others).

The instrument was provided to the students at the end of the proposed activity, which
consisted of carrying out a didactic proposal that included the use of Pil Books as a virtual
reality digital tool in the classroom, with kindergarten students. They dedicated
approximately 5 minutes to the questionnaire, and the researchers of the study were
present while they filled it out in case there were any doubts or problems to be solved.

Results

Descriptive study

The results derived from the descriptive analysis (mean and standard deviation) of the
nineteen items of the questionnaire on the effectiveness and efficiency of Pil Book in
Higher Education are presented below (Table 2). The items to be evaluated refer to the
future teachers' assessment of how they perceive the application of Pil Books in the
classroom, the usefulness of the resource in relation to curriculum development and the
app's capacity to develop different skills:

Table 2

Frequency distribution of the items of the Pil Books Questionnaire on the effectiveness and efficiency
of Pil Books in Higher Education.

MDT

item 1. It is a fun resource 4,62 ,604
Item 2. Keeps students' attention 4,62 ,605
item 3. Facilitates understanding of facts 4,43 ,715
item 4. Encourages creativity and imagination 4,43 ,708
Item 5. It constitutes a motivating resource for students. 4,57 ,640
item 6. Encourages student entertainment 4,66 ,559
Item 7. It allows to simulate situations of everyday life. 426 ,865
Item 8. Allows the development of the objectives established in the curriculum 4,34 ,753
of the stage.

Item 9. It allows the development of the contents established in the curriculum 4,37 ,735
of the stage.

item 10. The Pil Books application facilitates the design of learning dynamics. 4,35 ,733
Item 11. Contributes to the development of oral expression. 3,93 ,951
Item 12. Contributes to the development of written expression. 3,38 1,081
Item 13. Develops habits of artistic sensitivity. 4,08 ,836
item 14. It allows to expand the lexicon. 3,93 ,929
Item 15. Develops affectivity 3,71 1,038
item 16. It enhances the transmission of roles, beliefs and values. 3,82 ,984
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Item 17. Encourages decision-making skills 3,87 ,949
Item 18. Develops the processes of attention, dialogue and listening. 4,04 ,926
item 19. Promotes personal autonomy 3,96 ,921

The item best valued by the students is the one corresponding to the item "Promotes
student entertainment" with an average of 4.66 out of 5. The students highlight other items
such as "it is a fun resource" or "it keeps the students' attention" obtaining a score of 4.62.
All of them belong to the first dimension that refers to the subjective perception of the Pil
Books instruments.

In addition, the lowest rated item is related to item six "contributes to the development
of written expression”. The following items also obtain lower averages: "Promotes the
transmission of roles, beliefs and values" and "Promotes decision-making skills" with an
average of 3.82 and 3.87 respectively. All of these items correspond to the third dimension
of the instrument, which is related to the development of Pil books as a VR tool in the
development of skills and executive functions.

Dimension two, which refers to the development of the curriculum through VR, and
specifically Pil Books, has obtained very good scores in all its items, with all the mean
values being above 4 points out of 5.

As for the items that have exceeded an average of 4.5 (Table 2), we find four items
(Table 3), of which no person states that the resource is not fun, compared to 67.7% who
maintain that it is. In addition, 67.2% of the respondents indicated that Pil Books can keep
the students' attention, with no one saying the opposite. In addition, only three people
(1.3%) think that it is not a motivating app for students; however, 36.2% partially agree that
the resource does motivate students and 32.3% totally agree. Regarding student
entertainment through this digital tool, 4.3% of people think that it does not entertain,
compared to 37% who agree that it does entertain.

Table 3

Study of the frequency and % of the most relevant items.

Strongly Partially Agreed Partially Totally agree
disagree disagree agree
Ttem 1 0 (0%) 2 (0,9%) 2 (0,9%) 65 (27,7%) 159 (67,7%)
Item 2 0 (0%) 2(0,9%) 9(3,8%) 66 (28,1%) 158(67,2%)
Ttem 5 3(1,3%) 13 (5,5%) 58 (24,7%) 85 (36,2%) 76 (32,3%)
Item 6 10 (4,3%) 36 (15,3%) 87 (37%) 59 (25,1%) 43 (18,3%)

Inferential study: One-factor analysis of variance.

With regard to the independent variable age, ANOVA analysis of variance was used,
obtaining no statistically significant differences in any of the three dimensions and age
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groups. In addition, the same analysis was also performed, considering the digital devices
used by the students and the different dimensions of the questionnaire, concluding that
there are no statistically significant differences in relation to the people who use one digital
device or another and the answers they give to each of the dimensions. Finally, the
independent variable "academic year" or school year in which the survey was passed to
the participants was also analyzed through an ANOVA and, from the results, it is
extracted that there are statistically significant differences in dimension 1 "Subjective
perception of the resource” in the students surveyed during the 2022-2023 academic year,
being [F (3, 104.64) 5.524; p=.001].

The sex variable has not been taken into consideration because of the existence of bias
in the interpretation of the results due to the fact that there are more women than men.

Predictive model between dimensions

To explain the dimension "Subjective perception of the resource” through the dimensions
"Application of Pil Books at the curricular level" and "Development of skills and executive
functions”, multiple linear regressions (Pardo and Ruiz, 2002) have been used through the
stepwise method in order to determine the relationship between the predictor variable and
the criterion variable (Table 6).

Table 6

Coefficient of the regression line for the dimension ”Subjective perception of the resource”.

Standardized
Unstandardized coefficients coefficients
Model B Error Beta t Sig.
1 (Constant) 1,831 ,153 11,947 ,000
DIMENSION2 ,336 ,047 A12 7,183 ,000
DIMENSION3 ,301 ,041 ,A22 7,367 ,000

a. Dependent variable: DIMENSION1

In view of the results, it is observed that the dimension" Subjective perception of the
resource” is predicted by the other two dimensions: "Application of Pil Book at the
curricular level" and "Development of skills and executive functions"; because {3 = .336;
t(33) =7.183, p < .001, and {3 = .301; t(30) = 7.367, p < .001. This means that it is statistically
significant, thus accepting the hypothesis of linear relationship of dimensions 2 and 3 with
dimension 1. In addition, the adjusted R value? is .577, indicating that 57.7% of the
variability in the perception that university students have about the resource is explained
by the application that Pil Books has at the curricular level and the development of the
executive functions and skills of the resource.
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Discussion

Virtual reality involves a technological experience that is currently being used in
leisure spaces, in science or in education, and that is revolutionizing the current landscape
contributing to social progress (Gonzalez-Lopez et al., 2023; Miguélez-Juan et al., 2019;
Moreno and Chiecher, 2023; Pozo, 2022).

Numerous studies revolve around the effectiveness of virtual reality in the teaching-
learning process (Flores et al, 2022; Tipan-Renjifo, 2022) and many of them only
corroborate the conclusions underlying this study:

Dimension |. Subjective perception of the resource

In this dimension, there are items that have to do with outstanding aspects of Pil Books
as a resource for using VR in the classroom. In this sense, based on the data, it is concluded
that it is fun to use it, as it is a manipulative and stimulating way to generate a playful
learning environment. In addition, it is also a motivating element that allows the
introduction and reinforcement of certain content in a multisensory and interactive
environment, which allows immediate feedback, as pointed out by Mora (2013), Rodriguez-
Cano et al. (2021) and Salgado et al. (2022). This means that the potential teachers who
answered the survey are highly motivated to use this virtual reality tool in their future
performance as educators, as pointed out by the study conducted by Cézar-Gutiérrez et
al. (2019).

Dimension 2. Implementation of Pil Books at the curricular level

Pil Books as part of virtual reality, and the latter as part of emerging technologies that
are currently very present in the classroom, have a fundamental role in the teaching-
learning process. In view of the data, the Pil Books tool allows the development of the
contents contemplated in the different educational stages, as it represents a tool of great
transcendence in STEM education - Science, Technology, Engineering and Mathematics-
(Marrero-Galvan and Hernandez-Padron, 2022). This pedagogical approach allows
establishing relationships between the contents of different areas of knowledge, thus
achieving more meaningful learning (Martin and Santaolalla, 2020). In addition, it also
allows the development of the different objectives established in the curriculum in a cross-
cutting manner. These objectives are doubly fulfilled, especially in the objective that refers
to digital competence; which is fulfilled by the student, but also by the teacher, who has
to be trained in digital matters to be able to innovate and implement tools that enable a
cross-cutting and comprehensive education.
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Dimension 3. Development of skills and executive functions

The development of skills and executive functions that make life easier for the future
active citizens of society is one of the objectives pursued by schools. In fact, education is
increasingly focusing its methodology on achieving a teaching-learning process that is
flexible, connected, responsible, promotes autonomy and develops emotional skills. In this
sense, virtual reality offers an experimental, inclusive and progressive methodology that
allows students to learn autonomously (Meyzan, 2022).

In addition, this study shows that Pil Books allows the development of oral and written
expression, as well as broadening the lexicon Rodero and Larrea (2022); fundamental skills
to develop in life. Likewise, it promotes the transmission of roles, beliefs and values in a
transversal manner, fostering the capacity to make decisions. These aspects, as Climent-
Martinez et al. (2014) and Presas (2022) argue in a similar study where they evaluated
another virtual reality digital tool; and it develops dialogic skills and listening. So far there
are no similar studies that support this idea.

In view of the results, it can be concluded that Pil Books is a highly valued tool, mainly
because of its inclusive nature, both in the way the information is displayed and in the
way students learn through the app. The students' perception is closely linked to the level
of development of executive functions provided by the digital tool, which, in line with the
Universal Design for Learning, allows interactive, autonomous, motivating learning... In
addition, it allows curriculum development in a playful way. This makes Pil Books an
inclusive tool that takes into account the three principles on which the ULD is based (the
way it displays information, the way students learn and the motivation involved in its
use).

Conclusions

To summarize, it can be concluded that Pil Books is a tool that favors inclusion in the
classroom, since it adapts to the students in an individualized way in terms of pace and
difficulty. It can also be affirmed that it favors motivation towards learning. This and the
immersion in a very real imaginary world, makes learning more meaningful, being able
to deal with different topics and developing skills and executive functions such as
attention or the ability to make decisions.

Although these results are revealing in the educational field, we believe that it would
be very powerful to use the Pil Books app in situ in kindergarten and primary school
classrooms to gain first-hand knowledge of the potential and weaknesses of this digital
tool, not only from a quantitative paradigm, but also from a qualitative research
perspective.
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In addition, we thought it would be very revealing to compare the perspective of future
teachers with that of working professionals, in order to learn about the real possibilities of
this tool.

As limitations of the research, it should be noted that the analyses proposed may
sometimes compromise the generalization of the results, since the sample is not
homogeneous in terms of age and sex.
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