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ABSTRACT ARTICLE HISTORY
Virtual Reality (VR) is an emerging technology with an increasing number Received 30 April 2021
of studies assessing its benefits in educational settings. However, there is Accepted 22 August 2022
a shortage of empirical studies aimed at evaluating the acceptance of this KEYWORDS
technology in primary education. The authors propose an extended ver- Virtual reality; primary
sion of the Technological Acceptance Model to examine students’ inten- education; history teaching;
tion to use immersive VR. To this end, 111 fourth-graders completed a technology acceptance
history teaching unit using immersive VR. Structural equation modelling model

was employed to assess causal relationships between six variables: prior

knowledge, perceived attention, perceived utility, perceived ease of use,

perceived enjoyment and attitude towards the use of immersive VR. The

results indicate that students’ prior knowledge was not significant in

explaining their intention to use immersive VR. However, perceived atten-

tion had a significant effect on this variable mediated through perceived

utility. These results have important implications regarding the design

and use of VR tools for educational purposes.

1. Introduction

In recent years, research into the teaching of Social Sciences has highlighted the need to transform
traditional teaching practices, characterised by the predominance of textbooks, lectures, memorisa-
tion, examinations and low motivation (Carretero, 2005; Gdmez-Carrasco & Miralles-Martinez, 2017).
In this process, it is fundamental to incorporate active learning methodologies based on inquiry, the
use of sources or the integration of technology, in line with the changes that are happening in our
society and that require new teaching strategies and new purposes. These help build a citizenry with
a critical spirit and awareness of belonging to a broad and multicultural world (Gémez Carrasco et al.,
2020).

Social Sciences have become one of the subjects in which there is a greater degree of students’
disinterest or rejection, partly because it is one of the disciplines that pose considerable difficulties of
assimilation and understanding, caused by inadequate teaching of sufficiently complex content
(Liceras, 2000), the excessive use of lower-order thinking activities based on memorisation and
repetition of content (VanSledright, 2011) and instructional media that lead to the subject perceived
as boring and unhelpful, which leads to poor academic performance (Carretero & Voss, 2004). In this
regard, Barton and Levstik (2004) stated that no one likes the way in which Social Sciences are
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currently taught in schools; researchers criticise teachers for their teaching methods, teachers
generally blame students for their apathy, and the students see the textbooks as boring.

Pageés (2009) pointed out that another problem faced by the teaching of Social Sciences is that it
has very little impact on the formation of young people who have a lot of information at their
disposal. This phenomenon, together with the predominance of insufficiently participative teaching
methods, clashes with the new possibilities that arise with the integration of information and
communications technology (ICT). In this way, an adequate use of ICT in classrooms aimed not
only at facilitating knowledge but also at guaranteeing its understanding, can promote the meth-
odological change that students demand (Miralles et al., 2019).

In the last decade, research on the teaching of Social Sciences, as in other fields, has insisted on
the need to integrate technology into the classroom (Miralles et al., 2013, 2019). Technological
advances in recent years offer new learning environments that make it possible to promote educa-
tional proposals to work on heritage in Social Sciences classrooms through technology, as well as
new approaches and methodologies with which we can interact, to extend global accessibility to
heritage environments and the knowledge of culture to a larger part of the population (Ibafez-
Etxeberria et al., 2020). In this sense, virtualisation is having a great impact on history education,
thanks to the increasing number of video games and digital applications that reconstruct distant or
unconserved historical sites and monuments through 3D recreations, which facilitate learning
processes (Ibanez-Etxeberria et al., 2019; Rivero & Feliu, 2017; Vicent et al., 2015).

1.1. Virtual learning environments

Virtual Reality (VR) has aroused great interest and fascination in the educational field (Brown et al.,
2020), owing to its possibilities to emulate reality and evoke sensations, emotions and behaviours
very similar to those experienced in our daily lives, through an increasingly affordable and user-
friendly tool (Gaitatzes et al.,, 2001; Wiederhold & Bouchard, 2014; Yildirim et al., 2018). Ye (2016)
defined VR as a new type of interaction between user and computer, in which users interact in an
immersive experience. El-Tamini et al. (2017) specified that it is a technology mainly focused on the
creation and manipulation of three-dimensional and immersive computer-made worlds. Similarly,
Grotzer et al. (2015) specified that it is a 3-D graphic world that allows immersive experiences where
participants have the opportunity to move around interacting with digital objects and tools in that
fictitious world.

Based on these defined characteristics, there are different possibilities for using VR depending on
the degrees of immersion that the system offers. Di Natale et al. (2020) recognised three levels:
a non-immersive virtual reality system, also called desktop VR system or 3D virtual worlds; semi-
immersive virtual reality systems, such as fulldome systems, embodied mixed reality learning
environments or Smart Glasses; and immersive virtual reality systems, which generate environments
that perceptually envelop users, among which cardboard, head-mounted displays and the cave
automatic virtual environment stand out, which are much more complex and less widespread.

Despite the fact that VR has existed in the educational field for more than half a century
(Kavanagh et al., 2017), in recent years its rapid technological development and the reduction in
cost have allowed it to extend its access to formal educational contexts and, in turn, have generated
numerous publications of scientific literature on the subject. As early as 1994, Hedberg and
Alexander (1994) claimed that these immersive environments presented great potential by offering
a superior learning experience, with greater fidelity and active participation of the students.
Currently, we have a good number of meta-analyses (Lee, 1999; Merchant et al., 2014; Sitzmann,
2011; Vogel et al., 2006) and systematic reviews (Di Natale et al., 2020; Hew & Cheung, 2010; Jensen &
Konradsen, 2018; Kavanagh et al., 2017; Mantziou et al,, 2018; Pellas et al., 2021; Potkonjak et al.,
2016; Scott et al., 2017) that corroborate the growth in interest in this technology.

Undoubtedly, what is making VR so popular in such a short time in education are its immersive,
interactive and imaginative features (Burdea & Coiffet, 2003; Gavish et al., 2015). Several authors have
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emphasised the importance of immersion and considered it the aspect that makes the difference
among the multiplicity of existing technological tools (Kalyvioti & Mikropoulos, 2014; Mikropoulos &
Strouboulis, 2004; Webster, 2016), giving it great potential and relevance in the educational field
(Jensen & Konradsen, 2018). Dede (2012) stated that, in these enveloping and immersive experi-
ences, users actively participate with digital objects and tools within a virtual physical environment
in which active research is encouraged, facilitating active observation and metacognitive learning
processes.

Another of the key concepts of VR is presence (Jensen & Konradsen, 2018). Immersive VR also
offers students a variety of situated learning experiences, greater than those provided in traditional
classroom settings (Huang et al., 2010), creating a strong sense of presence and leading to positive
impacts on their learning with increases in attention, level of commitment, participation and
motivation (Lee et al., 2010; Salzman et al., 1999), as well as on students’ cognitive processes in
which better memorisation of key objectives and concepts takes place (Bailenson et al., 2008). In two
systematic reviews of the literature, Mikropoulos and Natsis (2011) and Freina and Ott (2015)
confirmed that the sense of presence plays an important role in learning, as well as the possibility
of giving the student access to situations that would otherwise not be available, either because they
are inaccessible (in time or space) or because of other problems (danger, lack of ethics etc.). Along
the same lines, Blascovich et al. (2002) and Kilmon et al. (2010) pointed out that VR allows students to
be immersed in controlled simulated environments, without any of the interferences that can
interrupt learning in a classroom.

Therefore, VR applications impact anyone who uses them (Ludlow, 2015). Educators and institu-
tions foresee great potential in the use of games, applications, platforms and devices based on
virtual environments for teaching and learning at all educational levels since they offer the possibility
of enriching student participation (Dalgarno & Lee, 2010; Molina-Carmona et al., 2018). Furthermore,
VR can be employed regardless of the school subject. The reviews by Pellas et al. (2021) and Di Natale
et al. (2020), for example, evidenced that VR has been used in K-12 disciplines such as environmental
science, biology, geology, geography, technology, mathematics, history, English language learning
or music, among others.

From a particular point of view, history education presents favourable conditions to benefit from
this technology. It allows students to be brought closer to digital settings or spaces to which they
would hardly have access (Fontal & Ibafiez, 2017). Historical places can be visited, with students
analysing their structure and characteristics in the first person, freely exploring the virtual environ-
ment, thus making teaching a more effective study environment (Yildirim et al., 2018). For example,
VR allows students to access the most representative sites and buildings of the Hellenic world
(Gaitatzes et al., 2001); to visit a Byzantine Basilica church (Getchell et al., 2009) or a medieval
cathedral (St. Andrews, fourteenth century) so as to learn concepts related to archaeology and
heritage (Fabola & Miller, 2016); to learn about history and ways of life in a Spanish city of the
sixteenth century, by playing in the streets; or to delve into the military attack on Pearl Harbor in
World War Il to find out its effects on the US entry into the war and the subsequent economic
depression (Cheng & Tsai, 2019).

VR provides unprecedented access to any real or reconstructed space, avoiding displacements
and providing more availability that allows a greater approach, from anywhere and at any time of
the day (Redondo, 2012). In this sense, Delgado-Algarra (2020) emphasised that VR technology can
become a powerful tool to reconstruct the past, and that history education and heritage education
can be greatly enriched with the use of these immersive virtual environments since it allows students
to access how some pieces, heritage buildings or contexts were in the past. In summary, VR is an
emerging technology prepared to produce a change in educational environments, owing, among
others, to its immersive and interactive features. Although it has been documented that most of the
research has been developed on secondary and tertiary education, with few studies on younger or
lower-level students (Di Natale et al., 2020; Freina & Ott, 2015), in recent years, different literature
reviews (Maas & Hughes, 2020; Tilhou et al., 2020) and meta-analyses (Villena-Taranilla, Tirado-
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Olivares et al., 2022) have underlined the benefits of using VR at elementary levels. In the same way,
studies have been mainly focused on analysing applications, motivations and problems in educa-
tional contexts, but not much is known about users’ acceptance of this technology in the classroom
(Abd Majid & Mohd Shamsudin, 2019).

1.2. Technology Acceptance Model (TAM)

At present, there are various theoretical models aimed at assessing the users’ acceptance and their
behaviour when using a technology (Venkatesh et al., 2003). Among all of them, the Technological
Acceptance Model (TAM) (Davis, 1989) stands out for its wide application to different technologies
and educational levels. Based on the Theory of Reasoned Action (Fishbein & Ajzen, 1975) and the
Theory of Planned Behavior (Ajzen, 1991), the model proposes that two variables — perceived utility
and ease of use — determine the accepting attitudes and behaviours of individuals towards technol-
ogy and, consequently, their intention to use it. Davis (1989) defined perceived usefulness as ‘the
degree to which a person believes that using a particular system would enhance his or her job
performance’ (p. 320), and perceived ease of use as ‘the degree to which a person believes that using
a particular system would be free of effort’ (p. 320). Therefore, the TAM assumes that the behavioural
intention to use a technology is determined by the attitude towards using it, which in turn is affected
by the perceived usefulness and perceived ease of use. Consequently, perceived usefulness and ease
of use become the two main predictors of individual acceptance and effective use of technology
(Padilla-Meléndez et al., 2013). Furthermore, perceived ease of use is hypothesised to be a predictor
of perceived usefulness, and perceived usefulness has a direct effect on the behavioural intention to
use (Liu et al., 2009).

In recent years, TAM has evolved to be adapted to new technologies, contexts and users. In 2013,
Maranguni¢ and Granic¢ (2015) published a literature review analysing studies that, on the one hand,
try to offer new knowledge related to TAM variables, while, on the other hand, developing and/or
expanding it with new versions of the model. These new models aim to capture additional factors
and to increase the predictive power of the original model and expand its applicability to specific
technologies. One of these adaptations incorporated into the model the variable perceived enjoy-
ment, as an intrinsic motivational element that can play an important role in the users’ acceptance of
technology (Davis et al., 1992). Venkatesh (2000) defined perceived enjoyment as ‘the extent to
which the activity of using a specific system perceived to be enjoyable in its own right, aside from
any performance consequences resulting from system use’ (p. 351). Perceived enjoyment has been
used successfully as a predictor of perceived usefulness, perceived ease of use and behavioural
intention to use technology (e.g. Teo & Noyes, 2011; Wojciechowski & Cellary, 2013).

The TAM model has evolved over the years, although it still maintains the design and variables
identified in its first formulation at its core, which has been a great advantage for its application (Cabero
& Pérez, 2018). In fact, numerous studies have used TAM to predict the acceptance of different
technologies such as e-learning (Al-Gahtani, 2016; Cabero et al., 2018; Chen & Tseng, 2012;
Mohammadi, 2015; Park, 2009; Tarhini et al., 2014; Zhu et al., 2020), blended learning scenarios (Padilla-
Meléndez et al., 2013), mobile learning (Adov et al.,, 2020; Chang et al., 2012; Islamoglu et al., 2021),
open education resources (Kelly, 2014), virtual learning environments (Yim et al., 2019), learning
management systems (Alharbi & Drew, 2014; Cheng & Yuen, 2019; Sanchez-Franco, 2010;
Schoonenboom, 2014; Teo et al., 2019), library web portals (Chen & Chengalur, 2015), e-portfolio
systems (Shroff et al, 2011), applications for collaborative learning (Chen, 2019; Cheung & Vogel,
2013), digital game-based learning (Chen & Lin, 2016; Cheng et al., 2013), augmented reality (Cabero
& Pérez, 2018; Wojciechowski & Cellary, 2013) and mobile applications (Chen et al., 2013), among
others. TAM has also been used to predict VR acceptance by users (Sagnier et al., 2020).

In addition, different extensions of the model have been proposed, including variables that could
also indirectly affect behaviour intention to use through their direct influence on perceived useful-
ness and perceived ease of use (Armenteros et al., 2013). These variables may include dimensions of
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other related models (e.g. subjective norm, perceived behavioural control, self-efficacy), additional
belief factors (e.g. triability, visibility, content richness) and other external variables (e.g. gender, age,
experience, educational background, computer self-efficacy) (Sagnier et al., 2020).

In our study, primary school students used an immersive virtual reality system through head-
mounted displays, which allowed them to immerse themselves in an ancient historical Roman city.
Specifically, the VR system showed students 3D virtual recreations of historical cities and buildings.
A prior piece of research found evidence to support the potential of this experience for the teaching of
history in terms of students’ performance and motivation (Villena-Taranilla, Cézar-Gutiérrez, et al.,
2022). In this study, we present an extended model incorporating students’ prior knowledge and
attention as external variables to evaluate primary school students’ intention to use VR. In the first
place, students’ prior knowledge of the subject has been identified as an important factor influencing
students’ learning (e.g. Dochy et al.,, 1999; Li, 2019), as it may allow students to achieve greater
motivation, understanding and learning performance (Lin et al, 2011). Similarly, prior knowledge
affects the way teachers and students interact with learning materials (Moos & Azevedo, 2008).
Along these lines, some studies have shown that students with a higher level of prior knowledge
have a more positive attitude towards certain teaching materials, such as video lectures (Li, 2019) or
learning systems (Chen & Huang, 2013). Although some studies have investigated how students’ prior
knowledge can be related to their participation and performance in technology-mediated learning
environments (e.g. Chang et al.,, 2020), to the best of our knowledge, there are no previous studies that
take into account whether prior knowledge can have an effect in the intention to use a technology. In
our case, we think that a valuable contribution to the field may arise from an analysis of the eventual
role that prior knowledge of the subject could play to predict the intention to use VR. In this study, prior
knowledge of the subject refers to what the student knows before the teaching unit about the
historical contents addressed in that unit. Regarding the other external variable, attention has been
incorporated as it is considered an additional motivational factor that can improve the predictive power
of TAM, as it is an indirect measure of the ability of the tool to capture attention and its influence on the
intention of use. According to Keller (1987, 2010), attention is a motivational element that includes
human characteristics — such as curiosity and humour — and also a prerequisite for learning. Attention
usually occurs when the student perceives a gap between their present knowledge and that which she/
he is trying to acquire. In this sense, this study tries to respond to a demand established by different
authors, who highlight the need to incorporate other variables and motivational theories in specific
studies to improve TAM (Sanchez-Franco, 2010). In fact, some studies already support the potential of
this variable (perceived attention) to directly and positively influence students’ attitudes towards using
educational technology. Thus, for example, Galbis-Cérdoba et al. (2017) found that those students who
consider that online educational video games draw their attention show a more positive attitude
towards using these educational video games. Similarly, another study with university students
revealed that the ability of an augmented reality book to hold students’ attention played a role in
their behavioural intentions to adopt this technology in the future (Cheng, 2017). In this context, we
consider that, in the same way, students’ perceived attention may be a variable worth considering
when determining students’ intention to use VR technologies. In particular, this study aims to evaluate
the intention to use immersive VR among primary school students with TAM as the research frame-
work. This work may contribute to the field of TAM research by empirically assessing the TAM model in
a compulsory educational setting (elementary school) and extending it by including two new variables
external to the model: students’ prior knowledge and perceived attention.

2. Materials and methods
2.1. Participants

Participants were 111 fourth-grade students (9-10 years old) from two state-owned schools and one
privately owned, but state-funded school in the region of Castilla-La Mancha (Spain). Among the
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participants, 59 (53.15%) were male while 52 were female (46.85%). Informed consent was obtained
for all cases, and all ethical requirements were observed during the study. The experiment was
conducted with fourth-grade students because, after a revision of the regional curriculum for
this year, some learning standards related to heritage education were identified. In particular,
these assessable learning standards were: “1.2. S/he respects the historical remains and values
them as a heritage that we must bequeath’, and ‘14.7. S/he describes some artistic and cultural
manifestations of the different periods of history studied'.

2.2. Research design and data collection

A structural equation modelling approach was employed to develop a research model that repre-
sents the relationships among six variables: prior knowledge (PK), perceived attention (PA), per-
ceived usefulness (PU), perceived ease of use (PEU), perceived enjoyment (PE) and behavioural
intention towards the VR use (BI). Different instruments were used to collect participants’ responses
to each of the constructs defined in Figure 1.

The experimental phase consisted of three sessions. In the first session, all the participants
completed a test aimed at measuring their prior knowledge of historical contents. These contents
were related to the unit of work ‘The Roman Civilisation’, and the test consisted of tasks similar to
those included in exams for this unit from different textbooks.

The second session consisted of a regular lesson on the subject of social sciences, in which parts
of the unit of work ‘The Roman Civilisation’ were explained. The session lasted 45 minutes and was
based on the study of the archaeological ensemble of Augusta Emerita, one of the biggest and most
important in Spain, which introduces students to some relevant Roman buildings, such as the
theatre, the circus, the aqueduct, the amphitheatre, the forums, the walls or the roads, among
others. The session started with a short explanation of the functioning of the VR device that the
pupils were about to use, VR glasses, the Netway Vita model, with an incorporated processor and
a 5.5-inch screen. In the lesson, the students used the app VirTimePlace, which offers a catalogue of
3D virtual recreations of complete cities and buildings. In particular, participants visited the virtual
reconstruction of the Roman Augusta Emerita, so that they can observe different examples of the
most representative types of houses and buildings on their virtual walk tour around the city (see
Figure 2).

Perceived Perceived
attention » usefulness
PA PU

Perceived ease Behavior

Prior knowledge

. . .
PK > of use intention
PEU BI
Perceived
enjoyment
PE

Figure 1. Proposed research model.
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Figure 2. Examples of the virtual recreation of the app. Source: images from the app VirTimepPlace.

Finally, in the last session, all the students were administered two questionnaires to measure the
rest of the variables of the model: perceived attention, perceived usefulness, perceived ease of use,
perceived enjoyment and behavioural intention towards immersive VR use.

2.3. Instrument and measures

As previously mentioned, data were gathered through a test and two questionnaires to elicit
participants’ responses to multiple items related to each of the constructs included in the research
model. The construct prior knowledge was measured through the participants’ score on an ad hoc
test designed to measure curricular learning in the subject of social sciences in the fourth year of
primary education.

Concerning the rest of the variables, two multiple-item questionnaires were employed. The first
survey consisted of 15 items from the validated instrument of analysis of the Technology Acceptance
Model (TAM; Davis, 1989) on augmented reality (Cabero & Pérez, 2018). In this survey, the items were
addressed to assess perceived usefulness (PU, four items), perceived ease of use (PEU, three items),
perceived enjoyment (PE, three items) and behavioural intention towards immersive VR use (BI, four
items). Each statement was measured on a 7-point Likert scale (1 = strongly disagree, to 7 = strongly
agree). In this study, the second survey was employed to measure participants’ perceived attention
(PA) to the immersive VR tool. To this end, three items were used from the validated ARCS-based
Instructional Materials Motivation Survey (IMMS; Keller, 2010), aimed at measuring perceived atten-
tion to self-directed instructional materials. These items were measured using a 5-point Likert scale
(1 =strongly disagree to 5 = strongly agree). All the items used are listed in Table 1.

2.4. Hypotheses

On the basis of the research model, the following hypotheses were formulated (Figure 3 contains
a diagram based on these hypotheses):

® Hy,. Prior knowledge (PK) will have a significant influence on perceived attention (PA) towards
immersive VR.

Hoy: Prior knowledge (PK) will have a significant influence on perceived enjoyment (PE).

Hos: Prior knowledge (PK) will have a significant influence on perceived ease of use (PEU).
Ho4: Prior knowledge (PK) will have a significant influence on perceived usefulness (PU).

Hos: Perceived attention (PA) will have a significant influence on perceived usefulness (PU).
Hoe: Perceived attention (PA) will have a significant influence on perceived ease of use (PEU).
Ho7: Perceived attention (PA) will have a significant influence on perceived enjoyment (PE).
Hogs: Perceived usefulness (PU) will have a significant influence on behavioural intention
towards immersive VR use (BI).
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Table 1. List of constructs and corresponding items.

Construct

Item

Perceived usefulness (PU, adapted from Cabero & Pérez, 2018) PUy;

Perceived ease of use (PEU, adapted from Cabero & Pérez, 2018)

PUo2

PU03
PUos

PEUgs
PEUgs

PEUy;

Perceived enjoyment (PE, adapted from Cabero & Pérez, 2018) PEos

PEgo
PEqo

Behaviour intention towards VR use (Bl, adapted from the intention  Bly;
to use - IU — and attitudes towards use — AU — from TAM (Cabero

& Pérez, 2018)

Bl;;
Bly3

Blys

Blys

Perceived attention (PA, adapted from ARCS, IMMS, Keller, 2010) PA:6

Using the VR system will improve my learning
and achievement in this subject.

Using the VR system during classes would
facilitate my comprehension of certain
concepts.

I think that the VR system is helpful when
learning.

Using virtual reality will enhance my
achievement.

| find virtual reality easy to use.

Learning how to use the VR system is not
a problem for me.

Learning how to use VR system is clear and
understandable.

Using the VR system is fun.

| enjoyed using the VR system.

| think that the VR system allows playing while
learning.

The use of the VR system makes learning more
interesting.

| got bored while using the VR system.

| think that the use of the VR system in the
classroom is a good idea.

| would like to use the VR system in the future if
| have the opportunity.

| would like to use the VR system to learn Social
Sciences as well as other subjects.

The quality of the activities helps me to maintain
the attention.

PA;; The variety of activities helps keep my attention
in the class.
PA:s The way in which information is organised helps
me to maintain attention.
Perceived Perceived
) Hos )
attention > usefulness
PA PU
Hop Hn Hos
Prior knowledge Perceived ease ?ehanxor
PK of use intention
PEU BI

Ho2

e

Figure 3. Proposed hypotheses for the research model.

Perceived
enjoyment
PE
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Hoo: Perceived enjoyment (PE) will have a significant influence on perceived ease of use (PEU).
H.o: Perceived enjoyment (PE) will have a significant influence on perceived usefulness (PU).
H,1: Perceived ease of use (PEU) will have a significant influence on perceived usefulness (PU).
Hq,: Perceived ease of use (PEU) will have a significant influence on behavioural intention
towards immersive VR use (BI).

e H,3: Perceived enjoyment (PE) will have a significant influence on behavioural intention
towards immersive VR use (BI).

3. Results

The analysis and statistical interpretation of the research model comprised three stages. In
the first stage, we performed exploratory factor analysis (EFA) in order to identify clusters of
measured variables that relate to each other. The EFA allowed us to confirm that the data fit
into the five constructs defined in the research model. The second stage was devoted to
reporting the descriptive statistics, reliability, convergent validity and discriminant validity of
the measured items, according to the research model presented. Finally, in the third stage,
we tested the assessment of the structural model by means of structural equation modelling
(SEM). This sequence ensures that we have valid and reliable measures of constructs before
attempting to draw conclusions regarding our hypotheses and based on the relations among
the constructs.

3.1. Exploratory factor analysis

In order to confirm the research model and understand the structure of the measured items
we performed an exploratory factor analysis (EFA). A principal components analysis (PCA) was
conducted on the 18 items with orthogonal rotation (varimax). Oblique rotation (oblimin)
demonstrated a negligible correlation structure between items from different extracted
factors; thus, the original orthogonal solution was reasonable (Pedhazur & Schmelkin,
1991). An initial Kaiser-Meyer-Olkin (KMO) test on the overall dataset indicates that the item
Bl,, does not fulfil the Kaiser (1974) criterion (MSA =0.41). Consequently, this item was
removed from the dataset, and the 17 remaining variables verified the sampling adequacy
for the analysis (KMO =.74, considered good according to Kaiser (1974)), and all KMO values
for individual items were larger than .56, which is above the acceptable limit of .5. Bartlett’s
test of sphericity (x*(136) = 541, p <.001) indicated that correlations between items were
sufficiently large for PCA. An initial analysis was run to obtain eigenvalues for each compo-
nent in the data. Consistently with the proposed research model, five components had
eigenvalues over Kaiser’s criterion of 1 and, in combination, explained 60.9% of the variance.
In addition, the scree plot showed a point of inflexion that justified retaining five compo-
nents. Given the sample size, and the convergence of the scree plot and Kaiser's criterion,
five components were retained in the final analysis. Table 2 shows the factor loadings after
orthogonal rotation. The items that cluster on the same component (depicted in bold)
suggest that construct 1 represents attention to the instructional material (PA), construct
2 perceived enjoyment (PE), construct 3 perceived usefulness (PU), construct 4 perceived
ease of use (PEU) and construct 5 behavioural intention towards immersive VR use (BI).

After identifying the factor structure, we rearranged the measured variables in the described five
constructs. We retained those items whose factor loading was greater than .55, following the
criterion suggested by Stevens (2002), who established a minimum value of .512 for sample sizes
around 100 subjects. Consequently, items PUg,, Bl;; and Bl;s were eliminated from further analysis,
and the other items were retained.
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Table 2. Principal components analysis from the 18 initial items.

Perceived Perceived Perceived Perceived ease Behavioural

Item attention (A) enjoyment (PE) usefulness (PU) of use (PEU) intention (BI)
PA+¢ .76 .10 30 .05 14
PA;, 73 .10 .07 31 A7
PA:g .67 =12 .38 -.08 -.08
PU, 54 32 .08 .10 25
PEg .16 .85 -.02 .10 25
PE;o .07 .80 1 -.09 .06
PEo -.08 .60 26 22 25
PUs .19 .02 79 12 13
PU,4 26 21 .69 .69 .19
PU, 13 44 57 14 .08
Bly4 36 .02 44 -19 .06
PEUs -1 -.06 27 73 .02
PEU, 21 25 .08 72 .16
PEUg 12 .02 -.08 .68 -016
Blq4 .05 .06 .10 .01 84
Bly3 19 -01 2 -04 7
Blis 34 .36 -.30 -.07 A4
Eigenvalues 236 2.30 217 1.80 1.72
% of variance 13.9 13.5 12.7 10.6 10.1

3.2. Statistical analysis of the measurement model

3.2.1. Descriptive statistics

Descriptive statistics for each construct item are shown in Table 3. All means were greater than 3.0 for
the 5-point scale (construct PA) and greater than 4 for the 7-point Likert scales (rest of constructs).
This indicates an overall positive response to the constructs that are measured in this study. The
standard deviations for all variables were less than one for three of the five constructs, indicating that
the item scores were relatively close to the mean scores. The skewness ranged from -3.70 to -1.23,
and the kurtosis ranged from 1.52 to 17.11. Following Kline’s (2010) suggestion that the skew and
kurtosis indices should be below 3.0 and 10.0, respectively, there were no severe problems in the
data, and the data were considered normal for all the variables except for perceived enjoyment. In
this case, greater values on kurtosis and skewness on the PE construct were a reflection of the
generally high scores given by the students on the enjoyment they derived from the use of
immersive VR.

3.2.2. Reliability and convergent validity
Following recommendations from Fornell and Larcker (1981), three analyses were performed in
order to check the reliability and convergent validity of this study. In the first place, reliability at item
level was assessed by its factor loading onto the underlying construct by means of the PCA. As
depicted in Table 2, all items considered in our analysis ranged from .55 to .85, demonstrating
convergent validity at the item level.

Secondly, we checked the reliability of each construct. The convergent validity for the proposed
model is supported by the reliability of each construct, measured by means of Cronbach’s a. As

Table 3. Descriptive statistics.

Standard
Construct Mean deviation Skewness Kurtosis
PA 4.40 .70 -1.77 3.66
PE 6.65 .69 -3.70 17.11
PU 6.05 1.06 -1.80 3
PEU 5.81 1.22 -1.23 1.52

BI 6.57 75 -2.65 8.98
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Table 4. Results for the research model on convergent validity and reliability.

Latent variable Item Factor loading (>.55)* AVE extracted Cronbach’s a
Perceived attention (PA) 52 72
PA¢ .76
PA;; 73
PA;5 .67
Perceived enjoyment (PE) .75 70
PEg .85
PE;o .80
PEo .60
Perceived usefulness (PU) .68 74
PU3 79
PU, .69
PU, .57
Perceived ease of use (PEU) 71 .58
PEUs 73
PEU, 72
PEUg .78
Behavioural intention towards immersive VR (BI) 78 61
Blis .84
Bli3 71

*Acceptable level of reliability derived from Stevens (2002).

reported in Table 4, the perceived attention (PA), perceived enjoyment (PE) and perceived usefulness
(PU) subscales all had high reliabilities, all Cronbach’s a > .7. However, the perceived ease of use
(PEU) and behavioural intention towards immersive VR use (Bl) subscales had relatively low relia-
bility, Cronbach’s a ~ .6. Although a value of .70 or higher is recommended for composite reliability
to be adequate (Nunnally & Bernstein, 1994), Cortina (1993) suggested that for samples with more
than 12 fairly correlated items, a ~ .6 can also be considered acceptable.

Finally, we performed the third convergent validity analysis by measuring the overall amount of
variance attributed to each construct in relation to the amount of variance attributable to measure-
ment error. Table 4 shows the average variance extracted (AVE) for each latent variable. AVE is
computed by adding the squared factor loadings divided by number of factors of the underlying
construct. As stated by Segars (1997), convergent validity is judged to be adequate when the AVE
equals or exceeds .50. The extracted AVE values support the convergent validity of the five proposed
constructs.

3.2.3. Discriminant validity
The assessment of discriminant validity was addressed at two levels. Firstly, at the constructs level we
examined the correlations between constructs. As stated by Fornell et al. (1982), discriminant validity
is satisfied if the square root of the AVE for a given construct is greater than the correlations between
that construct and all other constructs. As shown in Table 5, the criterion for discriminant validity was
met in all constructs.

Secondly, discriminant validity at the item level requires that no item load more highly on another
construct than it does on the construct it intends to measure (Barclay et al., 1995). This criterion is
satisfied when the PCA was carried out in the first stage of the analysis. As stated in the previous EFA

Table 5. Correlation between constructs depicted together with square root of corresponding
AVE (diagonal).

Construct PA PE PU PEU Bl
PA (.72)

PE 18 (.87)

PU .50 35 (.82)

PEU 18 17 28 (.84)

BI .29 18 .30 .02 (.78)




378 R. VILLENA-TARANILLA ET AL.

section, the optimum value derived from the Bartlett’s test guaranteed discriminant validity at the
item level. The PCA calculation with oblique rotation performed on the items confirmed this
statement. Thus, we can assume discriminant validity was fulfilled both at item and construct levels.
In consequence, the constructs in our proposed research model were assumed to be adequate.

3.3. Assessment of the structural model and hypothesis testing

In order to delve into the causal relationships stated posed as hypotheses, a path analysis was
performed by means of SEM. Before testing for the significant relationships, we tested the validity
and fit between the research model (Figure 1) and the measured data.

Although a variety of indices are used to measure model fitting in SEM research studies (Kline,
2010), the values of x* and x*/df (df being the degrees of freedom) together with the indices CFI
(Comparative Fit Index), RMSEA (root-mean-square error of approximation) and SRMR (Standardised
Root Mean Residual) were computed for our proposed model. The model chi-square X2, N=111)=
3.74, p=.154 shows no significant differences between the model and the data. As the estimated
model has two freedom degrees, the index x*/df = 1.868. Although there exists no consensus
regarding an acceptable value for this statistic, recommendations range from as high as 5.0
(Wheaton et al., 1977) to as low as 2.0 (Tabachnick & Fidell, 2007), < 3 being an optimum value
(Kline, 2010). The value of the RMSEA was equal to .088, which was slightly further than the typical
acceptable level (recommendation criterion for RMSEA establishes a cut-off point from .05 to .08,
MacCallum et al., 1996). Nevertheless, the incremental fit index based on the CFl obtained was CFI
=.970, indicating that the specified model fit well to an alternative baseline model (CFl acceptable
criterion >.95; (Hu & Bentler, 1999; Schumacker & Lomax, 2010). As stated by Fan et al. (1999), CFI
index is one of the least effected by sample size measures and, accordingly, one of the most
popularly reported fit indices. Finally, the difference between the observed and predicted correla-
tions, measured in terms of the mean absolute correlation residual, was found as SRMR =.033, which
can be considered an acceptable value (<.05; Schumacker & Lomax, 2010).

These results support the validity acceptability of the model, and, consequently, it can be
employed to examine the regression coefficients for the estimated structural mode. Table 6 provides
a summary of the results on the tested hypotheses from the analysis of the path coefficients
provided in Figure 3.

The results (Table 6) show that the hypotheses Hgs, Hos, Hip and H;; were supported by the
data. Specifically, it indicates that perceived attention (PA) influences perceived usefulness (PU
=by 41.8% (B =.418, p<.001), supporting hypothesis Hgs in the research context. The results
also indicate that perceived ease of use (PEU) by 16.6% (B=.166, p=.036) and perceived
enjoyment (PE) by 25.1% (B =.251, p=.001) help to predict perceived usefulness (PU), support-
ing hypotheses H;; and H;,, respectively. Finally, perceived usefulness (PU) influences

Table 6. Supported hypotheses derived from the results.

Hypothesis Causal path Path coefficient () Std error p-value Result

Hos PK -> PA 063 016 .509 Not supported
Hoz PK -> PE -017 016 .858 Not supported
Hos PK -> PEU -.001 .027 .990 Not supported
Hoa PK -> PU 010 .020 625 Not supported
Hos PA -> PU 418 119 <.001 Supported
Hoe PA -> PEU 159 163 .090 Not supported
Ho7 PA -> PE 176 .092 .059 Not supported
Hos PU -> BI .287 .070 .004 Supported
Hoo PE -> PEU 139 .069 140 Not supported
Hio PE -> PU 251 a21 <.001 Supported
Hqq PEU -> PU .166 .069 .036 Supported
Hiy PEU -> BI -.075 .058 425 Not supported

His PE -> BI .087 .105 .365 Not supported
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Figure 4. Path coefficients of the research model.

behavioural intention towards VR use (Bl) by 28.7% (8=.287, p=.004), supporting hypothesis
Hos. The supported paths can be graphically described in Figure 4. Concerning students’ prior
knowledge (PK), none of the internal variables was found to be significantly determined by this
external variable.

To evaluate the influence that each variable had on the rest of variables of the model, the
standardised total effects, direct and indirect effects associated with each of the six variables were
examined (Table 7). Results indicate that the most dominant determinant of Bl is perceived useful-
ness, with a medium effect of .287 according to Cohen (1988). This followed by perceived enjoyment
(PE) and perceived attention (PA), with medium effects of .156 and .139, respectively. Perceived
attention (PA) has a large effect on perceived usefulness (PU), at 0.493, while the effects of PA on
perceived ease of use (PEU) and perceived enjoyment (PE) can be classified as medium-sized, at
0.166 and 0.274, respectively. At the same time, perceived enjoyment and perceived attention affect
perceived ease of use (PEU), at 0.139 and 0.159, respectively. Finally, perceived attention has a small
to medium-sized effect on perceived enjoyment. This findings support existing research that
demonstrates the strong relationship among PU, PEU and BI (e.g. Teo, 2010; Teo et al., 2007).

Table 7. Direct, indirect and total effects in the research model.

Standardised estimates

Outcome Determinant Direct Indirect Total
Behaviour intention towards VR use (BI) PU 0.287 0.287
(R2 =.099) PEU -0.075 0.048 -0.028
PE 0.087 0.068 0.156

PA 0.139 0.139

PK 0.018 0.018

Perceived usefulness (PU) PEU 0.166 0.166
(R? = .345) PE 0.251 0.023 0.274
PA 0.418 0.075 0.493

PK 0.038 0.026 0.064

Perceived ease of use (PEU) PE 0.139 0.139
(R?=.052) PA 0.159 0.024 0.184
PK -0.001 0.007 0.006

Perceived enjoyment (PE) PA 0.176 0.176
(R2 =.031) PK -0.017 0.011 -0.006
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4. Discussion and conclusions

This study aimed to evaluate the potential of the Technology Acceptance Model to explain primary
school students’ behavioural intention to use immersive VR and the role that two external variables
(prior knowledge and perceived attention) can play in mediating behavioural intention to use
technology. The results show interesting relationships between the TAM constructs using data
gathered from elementary school students in an environmental setting after addressing curricular
contents with the help of an immersive VR tool.

VR offers interesting opportunities in the teaching of social sciences in primary education. In this
sense, it is essential, along with analysing its potential in the educational process, to evaluate
students’ acceptance and their intention to use this technology. To this aim, an intervention was
carried out with students in their fourth year of primary education, in which the students participated
in a session where they worked on the teaching unit ‘The Roman Civilisation” with an immersive
virtual reality system through a head-mounted display, which allowed them to immerse themselves
in an interactive three-dimensional world. The students visited a 3D virtual reconstruction of Augusta
Emerita, focusing their attention on some of the most significant buildings of the Roman period.
These contents are part of the curriculum at this educational stage. Using this approach, this study
contributes to shedding light on the scarce literature on the acceptance of immersive VR at school
age, with TAM as a research model. The acceptance of the use of immersive VR among primary
school students has been analysed using the specific variables of the model (perceived usefulness,
perceived ease of use, perceived enjoyment and attitude towards immersive VR) and incorporating
as external variables the students’ prior knowledge and perceived attention.

The research model proposed for the analysis of TAM offers a high level of reliability, which
coincides with most known studies in which TAM is identified as a valid and robust model with wide
applicability (King & He, 2006; Maranguni¢ & Grani¢, 2015). This study provides evidence of the
suitability of applying TAM to measure the acceptance of immersive VR in primary education. To
evaluate the proposed hypothetical model, the six research variables have been linked through 13
causal paths. Four out of the thirteen hypotheses under study were supported by the data gathered.
After an exploratory factor analysis, five constructs were identified that are in turn related to each
other: attention to the instructional material, perceived enjoyment, perceived usefulness, perceived
ease of use and attitude to immersive VR use. Our results indicated that prior knowledge is not
a prerequisite for behavioural intention to use immersive VR. Thus, the students’ prior knowledge of
the subject does not have a significant effect on attention towards immersive VR, perceived
enjoyment, perceived ease of use and perceived usefulness. As a result of this, the hypotheses Hy;,
Ho2, Hoz and Hys were not supported. In this sense, these results are novel, since no studies have been
found that have included prior knowledge as an external variable in the TAM model. Despite the
strong relationship that has been observed in other studies between prior knowledge and other
learning variables (performance, motivation, understanding...) (Dochy et al.,, 1999; Lin et al,, 2011;
Moos & Azevedo, 2008), the results of this research suggest that the intention to use immersive VR
technology does not require prior knowledge so that users are attentive, enjoy it, consider it easy to
use or perceive that it is useful.

On the contrary, the second of the external variables included in the model - perceived atten-
tion — has a medium effect on the students’ behavioural intention to use immersive VR. Perceived
attention shows a large direct and significant effect on perceived usefulness (Hgs), which provides
this construct with an important role as an external predictor of perceived usefulness, demonstrating
its influence on students’ beliefs towards the system. In addition, although not statistically signifi-
cant, attention also shows a medium effect on perceived enjoyment. One of the main contributions
of this study lies in the validation of the effect of attention as an external variable to increase the
predictive validity of TAM. Indeed, this study answers some of the demands stated in reviews of the
TAM literature which focus on the need to incorporate additional variables into the model
(Maranguni¢ & Grani¢, 2015). In particular, it contributes to responding to the need to incorporate
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other motivational variables and theories (Sanchez-Franco, 2010). From our results, it is plausible to
infer that when students show positive attention, they are likely to consider immersive VR as a useful
tool and become more involved in its use. Therefore, when designing VR tools or using VR as
a learning tool, those content or human characteristics (e.g. curiosity) should be taken into con-
sideration which place important value to attention as an element of motivation and a prerequisite
for learning (Keller, 1987).

Another dimension that has shown a total effect of medium size on the intention to use is
perceived enjoyment. The results greatly support the important role of perceived enjoyment in
determining the actual use of the system. Enjoyment has a direct significant influence on perceived
utility. These interactions coincide with what has been provided in other studies (Teo & Noyes, 2011;
Tokel & isler, 2015; Wojciechowski & Cellary, 2013) in which it has been found that perceived
enjoyment has a significant influence on the core constructs of TAM: perceived utility, perceived
ease of use and intention to use the technology. In fact, in studies on virtual reality or virtual
environments it has been found that enjoyment usually appears together with the perceived
usefulness as one of the main factors in predicting the acceptance and use of this technology (Sun
& Cheng, 2009; Tokel & isler, 2015), such as in our study, in which the effects of perceived enjoyment
and perceived utility add up to a total effect of .443. In some of these studies (Huang et al., 2013; van
der Heijden, 2004), the important role of enjoyment has been related to hedonic qualities and its
influence on the use of VR when experimenting with content in the first person. According to Sagnier
et al. (2020), ‘virtual environments are perceived as hedonic technologies, as evidenced by studies
that integrate both hedonic variables and utilitarian variables to explain user acceptance’. In this
regard, our results indicate that the greater the enjoyment derived from the use of virtual reality, the
greater the intention to use it.

The results also indicate that perceived ease of use makes it possible to predict perceived
usefulness (Hq,). Therefore, if students perceive that the use of virtual reality is easy, their perception
of the usefulness of immersive VR will be higher. The findings are aligned with those provided by
previous studies (Al-Gahtani, 2016; Davis et al., 1992; Lin & Yeh, 2019; Liu et al., 2009; Sun & Cheng,
2009; Tokel & isler, 2015). However, unlike other studies in which ease of use has been the most
influential construct that directly affects intention to use (Cabero et al., 2018; Chow et al,, 2012), in
our study, perceived ease of use did not have a significant direct effect on the intention to use
immersive virtual reality. This lack of importance of perceived ease of use, according to King and He
(2006), could be explained by the instability of the effect of this variable or by the sample size, but
also by the reduced number of tasks or duration of the intervention (Sagnier et al., 2020). It is striking
how perceived ease of use is the only dimension of the TAM model that shows a null effect on the
intention to use. This fact may be explained because immersive VR is not yet as widespread in our
daily lives as believed, and less so in educational centres. Most likely, as the use of immersive VR
spreads in all areas and, specifically, in educational contexts, the perceived ease of use will increase
with daily practice and will cause perceptions of usefulness to increase. From the point of view of the
design of technological resources for teaching, these results have important implications, since they
suggest that those tools that are perceived as easy to use are also associated with a higher level of
utility.

Finally, the perceived utility of immersive VR is the essential and the main determinant that explains
the students’ acceptance and use of immersive VR by students (Hoo) with a medium-sized direct effect.
The intention to use immersive VR is robustly determined by its perceived usefulness, which suggests
that students who consider immersive VR useful have the intention of using it. This is consistent with
previous studies in which the influence of perceived utility on the intention to use has also been pointed
out (Cheung & Vogel, 2013; Chow et al., 2012; Davis, 1989; Davis et al, 1992; Mohammadi, 2015;
Venkatesh, 2000). Furthermore, perceived usefulness has been highlighted as the strongest predictor
of intention to use in a good number of studies (Chen & Tseng, 2012; Chow et al., 2012; Sagnier et al.,,
2020; Wojciechowski & Cellary, 2013) and can capture much of the influence of perceived ease of use
(King & He, 2006). According to Sagnier et al. (2020), these results fit with the utilitarian nature of the
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technology employed in this study. Our results clearly support that students who view immersive VR as
a useful tool will show a positive attitude towards its use. These data corroborate the importance of the
correct design and integration of technology in learning contexts, starting from effective instructional
design environments in which the use of technology is clearly defined according to the interests and
needs of the educational process.

4.1. Limitations and future directions

In this study, some limitations have been identified that should be addressed in future research. First,
the sample size could be increased. The study analysed data gathered from 111 fourth-grade students.
Although this size, according to Bentler and Chou (1987), allowed us to build a valid structural equation
model, a larger sample will provide more information on student acceptance of immersive VR and will
allow us to introduce additional external variables into the model. Furthermore, as previously men-
tioned, a larger sample would also allow us to better understand the effect of some variables on the
model, such as perceived ease of use. In addition, the limitation to a specific course (fourth grade) also
makes it necessary to consider other ages to obtain a broader and more balanced vision that takes into
account all the grades of this educational stage to generate a more holistic vision of VR acceptance.

Another limitation of our study is the effect of the duration and design of the task. It would be
convenient to replicate this study with a greater number of sessions dedicated to the intervention, as
well as with a more complex task design, to obtain a more complete view of the effects of internal
and external variables on the intention to use. In addition, as mentioned above, expanding the
number of sessions can allow students to become familiar with the operation of the immersive VR
devices used, and modify their opinions on the ease of use, its usefulness and their intention to use it.

Regarding the technological tool, an immersive virtual reality system has been used through
head-mounted display and a specific application. Future research should continue to provide knowl-
edge on the use of this and other immersive devices and interventions that allow students to
broaden their sensory and emotional experiences in these learning environments.

The use of VR technology in education offers the possibility of providing meaningful learning
experiences in the teaching of social sciences. Our findings provided direct and significant implications
for the acceptance of immersive VR technology by students in an educational stage that has been little
studied so far. This study contributes to supporting the positive results obtained by the inclusion of VR
technology in primary education classrooms from the analysis of students’ perceptions of their
intention to use it, one additional dimension that should be taken into account for the development
and implementation of effective interventions mediated by technologies in the classrooms.
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