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ABSTRACT Virtual reality (VR) tools represent current interactive computerized tools for simulating
scenarios. Applying VR can provide immersive simulations by facilitating hands-on exploration and
analysis, fostering a deeper understanding of complex phenomena. VR can also permit the development of
competencies in different contexts, such as in education. This article investigates the potential of VR as an
educational tool at two educational levels in Chile: high school and university students. Given the positive
experience results, this article aims to generalize in academic contexts about how the implementation of
VR can support learning in the academic field and analyze the associated benefits and challenges. The
experimental study was carried out with groups of students from the two educational levels, applying a
standard instrumental model to identify VR’s advantages and limitations concerning improving students
learning, participation, and motivation to continue learning with similar experiences. We highlight that the
obtained results provided valuable information for understanding the impact of VR in education and offering
recommendations for its effective implementation in educational environments. The primary limitation of
this study is the existing hardware limitations that prevent this experience from being repeated in other
academic contexts. However, technology has reduced costs and is more accessible than before. Concerning
the students’ experience, they expressed their satisfaction and motivation regarding experiencing VR and
related learnings. Hence, without a doubt, VR represents a transformative tool in education.

INDEX TERMS Virtual Reality, VR, ARCS mode, motivation, high school, university.

I. INTRODUCTION

ONe important and persistent challenges in the learning
and education process is the lack of motivation and

attention of students [1]. This issue significantly affects stu-
dents’ academic performance and personal development. The
lack of motivation and attention can result in low achieve-
ment, disinterest in school subjects, low self-esteem, and
difficulties in retaining knowledge [2]. Moreover, that issue
can significantly affect school dropout rates. Addressing the
lack of motivation and cultivating a motivating educational
environment can prevent dropout and promote students’ aca-
demic and personal success [3], [4].

The COVID-19 pandemic greatly exacerbated challenges
in education [5]. The impact of the pandemic on motivation

and academic performance was extensive and diverse. The
sudden change to distance education, the lack of social in-
teraction and the widespread uncertainty have negatively af-
fected the motivation of many students [6]. Studies conducted
in countries such as Denmark have revealed a concerning
decrease in student motivation in recent years [7].

A. PROBLEM STATEMENT, GOAL, AND
CONTRIBUTIONS

Traditional teaching methods are often boring and uninspir-
ing, with evidence suggesting limitations in concentration
and learning effectiveness [8]–[10]. As [11], [12] remark, the
implementation of virtual reality in the educational process
can significantly improve the concentration of students. Stu-
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dents who participate in virtual reality classes show greater
concentration than in traditional classes [13]. Furthermore,
virtual reality can positively impact learning effectiveness
and persistence [14].

In this context, the implementation of Virtual Reality (VR)
emerges as a relevant and promising tool to complement
traditional teaching methods. It has become an innovative
technology offering immersive and interactive virtual ex-
periences through visualization devices and motion sensors
such as glasses, headphones, or special helmets [15], [16].
Thus, this technology is present in various fields such as
entertainment, design, medicine, industry, and education.

According to market projections, there will be a significant
increase in VR headset sales in 2025 [17]. In addition,
considerable growth is expected in the global market for
extended reality (XR) technologies in the coming years [18].
Recent studies have shown that the VR market has experi-
enced significant growth, projecting an estimated value [19],
[20].

Virtual reality has become an essential tool for trans-
forming education by creating immersive environments that
enhance the practical application of theory and promote
deeper learning in the context of the challenges of the 21st
century [5]. However, the impact of VR on education is not
yet fully understood, particularly in terms of competency
development, which limits its strategic implementation and
hinders informed decisions on resources, curriculum, and
teacher training [6]. Based on the above, VR emerges as a
relevant and promising proposition. Its ability to generate
immersive and stimulating experiences can revitalize student
interest and motivation and improve student performance
[21], [22]. Although these findings support the idea that
virtual reality can be a valuable complementary tool to enrich
the educational process, it is essential to further explore
the potential of VR in education, analyzing its benefits and
considering the obstacles and limitations that may arise in
its effective implementation. Hence, the general objective of
this article is to evaluate attention, relevance, confidence, and
satisfaction (ARCS) in adopting VR technologies in educa-
tional environments. The following operational objectives are
proposed to fulfill this general objective.

• First, we propose a Virtual Reality (VR) experience for
high school and university students.

• Second, apply this experience as a workshop during
university major promotion events (ExpoUCN).

• Third, once the experience has been applied, the stu-
dents must respond to a brief survey to analyze their
responses using a standard model and evaluate their
satisfaction with applying this technology in their ed-
ucation.

• Finally, based on the results, benefits, challenges, and
recommendations for implementing VR in classrooms
will be proposed.

B. THREATS TO VALIDITY
This article considers the following threats that could distort
the expected results.

• Selection Bias. Study participants are those who were
interested in being part of the study; therefore, they are
not randomly selected and may not be representative of
the wide population of students.

• Hawthorne Effect. The Hawthorne effect occurs when
participants modify their behavior because they are
aware of being observed. In the context of a study on
VR in education, students might change the way they
engage with the VR system or the educational material
simply because they know that they are part of an
experiment.

• Maturation. Changes occur in participants over time,
regardless of the treatment being studied. If the study
is conducted many times or over a long period, the stu-
dents can naturally improve in learning, participation,
or motivation due to their own personal development or
experiences. This improvement could be incorrectly at-
tributed to the VR intervention rather than other factors.

By addressing these threats through careful study design,
data collection methods, and statistical analysis, researchers
can enhance the validity of their findings and ensure that the
results accurately reflect the impact of VR as an educational
tool. In this study, we used the ARCS model to assess the
motivational effects of Virtual Reality (VR) in academic
settings. Recognizing that the ARCS model was developed
several decades ago, we complement this framework with
insights from recent advancements in UX design and modern
pedagogical theories. These contemporary approaches, such
as user-centered design and adaptive learning strategies, not
only support but also enhance the ARCS model, ensuring a
comprehensive evaluation of student engagement and learn-
ing outcomes through the integration of VR technology.

This article is structured as follows. It begins with a liter-
ature review discussing the history of Virtual Reality (VR),
its application in education, and some of the models used in
previous research, such as the ARCS (Attention, Relevance,
Confidence, and Satisfaction) model and the TAM (Tech-
nology Acceptance Model). It continues with the theoretical
framework that underpins the research and hypotheses on
how variables from both models are related. Subsequently,
the methodology is detailed, establishing the study’s objec-
tives and describing the approach adopted to conduct the re-
search. The selected population and sample are specified, and
the measurement scales used to evaluate the variables of in-
terest, in this case, are the well-known Likert scale. The data
collection procedure is presented, which includes participant
preparation, virtual reality (VR) experience using the Sites in
VR application, and the application of questionnaires based
on the ARCS and TAM models to be analyzed and determine
relevant aspects regarding the potential implementation of
virtual reality (VR) technology in the learning process.
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II. BACKGROUND
A. VIRTUAL REALITY
In the context of this study, it is essential to understand
the critical concepts related to virtual reality. According to
[23], “reality” is the real and effective existence of some-
thing, while “virtual” refers to something that has apparent
and not real existence. Etymologically, the word “reality”
comes from Latin “realitas” derived from “res”, which means
“thing” or “entity” [24]. Meanwhile, the term “virtual” origi-
nates from the Latin “virtus”, which translates as “power” or
“virtue” [25]. Thus, “virtual” refers to the ability to simulate
or represent something with characteristics similar to those
of reality. Therefore, the term “virtual reality” gains coher-
ence when described as a technology that generates virtual
environments, either simulating existing reality or creating
fictional worlds. However, it is possible to find different
meanings depending on the branch in which VR is applied.
Some authors, such as Green and Halliday [26], mentioned
that VR is a simulation of a three-dimensional environment
generated by computers in which the user can both view
and manipulate the contents of that environment”. There are
also articles that define it as a technology that generates a
simulated immersive environment, allowing users to navigate
and control their behavior [27].

In the literature on VR, three key characteristics of the
VR user experience are identified: immersion, presence, and
cybersickness. Slater and Wilbur [28], conceptualize immer-
sion as the objective capabilities of a system to deliver an
inclusive, extensive, surrounding, and vivid illusion of real-
ity. Presence is described as a psychological state in which
individuals perceive themselves as being in a place within a
virtual environment. Expanding on this, Slater [29] offered
a more granular differentiation by introducing place illusion
(PI), which denotes the compelling sense of physically ’being
there’ in virtual spaces, even with the explicit awareness
of the artificial nature of the environment. In addition, he
introduced the concept of plausibility illusion (Psi), which
pertains to the illusion that events unfolding within the vir-
tual environment are genuinely occurring, despite conscious
knowledge to the contrary. Tang (2020), as well as studies
by Ali Raza et al. [30] and Lønne et al. [31], demonstrate
that increased levels of immersion in VR environments sig-
nificantly enhance the user’s sense of presence. The third
characteristic is cybersickness, characterized by symptoms
like nausea, dizziness, headaches, and eye fatigue [32]. It
is caused by factors such as visual-vestibular mismatch,
device latency, and VR design [32]. The relationship between
immersion and cybersickness is complex, with mixed results
in the literature. Most studies indicate a significant negative
correlation between presence and cybersickness, although
some exceptions, such as Servotte et al. [33], did not find
a significant relationship. Although immersion can enhance
the sense of presence, it may also increase cybersickness due
to sensory conflicts, especially when visual cues in the virtual
environment do not align with the user’s physical sensations
[34].

Virtual reality has gained popularity in education and is
defined as a tool to improve student-centered learning and
collaboration [35]. In addition, it is highlighted that virtual
reality favors interaction and the construction of knowledge,
facilitating the acquisition of critical thinking skills and ex-
periential learning [36]. VR has been used in architecture
to enhance the learning experience and visualize abstract
concepts, demonstrating advantages in structural understand-
ing and analysis [37]. In general, VR in education offers
benefits such as increased motivation, efficiency in the learn-
ing process, and the creation of personalized and immersive
environments [38], [39].

The use of virtual reality to promote teaching processes
in educational settings falls within the scope of Learning
and Knowledge Technologies (LKT). These technologies are
characterized by their didactic approach, unlike the mere
use of devices without clear educational purpose [40]. In
this way, it is the educational use of the tool that enhances
aspects such as attention, the sense of learning, motiva-
tion, and satisfaction with the learning experience, which
are crucial elements in promoting meaningful learning. In
summary, VR is a technology that uses computer systems
to create simulated, immersive and interactive environments,
with the aim of providing a sensory and perceptual expe-
rience similar to reality by combining visual, auditory and
tactile elements to create a feeling of presence and transport
users to digital environments that can recreate existing reality
and completely imaginary worlds. This is possible through
devices such as VR headsets and motion controllers. As
[11] describes, VR technology has applications in various
fields, including the entertainment industry, architecture, and,
of course, highlighting its participation in education as a
facilitator of learning and interaction.

B. MODELS USED IN RESEARCH ON VR IN EDUCATION
The use of Virtual Reality (VR) in educational settings can
be effectively analyzed through various frameworks, with the
Technological Pedagogical Content Knowledge (TPACK)
framework being one of the most prominent. TPACK en-
sures that technology, such as VR, is meaningfully integrated
with pedagogy and content, rather than being used in iso-
lation [41]. Additionally, VR is often linked to Construc-
tivist Learning Theory, which emphasizes learning through
active participation and exploration [42]. VR also aligns with
Experiential Learning Theory, as it immerses students in
simulations where they can directly engage with content [39].
In this study, we employ the ARCS model (Attention, Rel-
evance, Confidence, and Satisfaction), which is particularly
well-suited for VR research in educational contexts due to its
emphasis on enhancing learning motivation.

1) ARCS Model (Attention, Relevance, Confidence, and
Satisfaction)
The ARCS model aims to design effective strategies to
encourage students’ motivation and commitment to learning
[43], [44]. It was developed by John Keller in the 1980s, who,
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FIGURE 1: ARCS model.

after a review of motivational literature and a subsequent
grouping of motivational concepts based on shared attributes,
discovered that these could be classified into four categories:
attention, relevance, trust and satisfaction [45], [46]. These
categories influence the motivation to learn and are defined
as follows [45].

• Attention: It is the ability to capture and maintain
student interest. Attention can be achieved through
stimuli that activate curiosity, either using reflective or
unexpected points of interest, such as challenging or
problematic; variability must be incorporated to avoid
monotony and, thus, losing attention.

• Relevance: It is what the student perceives as necessary
to satisfy his or her needs and desires or to fulfill
personal goals in the future. Relevance can be achieved
with guidance and setting of various objectives. It is
also possible to achieve relevance by providing var-
ious learning environments since if the student is in
an environment that generates positivity, they will feel
greater relevance. Finally, it is important to incorporate
familiarity because students tend to be more interested
in content related to previous experiences and interests.

• Confidence: Help students feel capable of successful
learning. It is important to let them know what is
expected of them to succeed in challenging tasks and
maintain personal control over their ability to succeed
and the subsequent results.

• Satisfaction: Students experience gratification and joy,
leading to constant motivation. Such satisfaction can
come from a natural consequence of success, positive
consequences such as recognition, incentives, and eq-
uity. The latter is substantial because if a student per-
ceives his result as less important than another, he will
feel disappointed, and negative emotions will arise.

As Figure 1 [45] shows, if students succeed in these lateral
categories, in the center, they will feel motivated to learn,
giving way to the last category, satisfaction, which is the
feeling of achievement and gratification that the student has
and can result from both intrinsic and extrinsic factors. As
noted in [47], [48], it is essential to recognize and reward
these achievements.

Considering the characteristics of the ARCS model and its
variables, it is crucial to examine it in the study to evaluate
students’ attitudes and determine whether motivation is ob-
tained from implementing virtual reality in learning. Previous
studies have shown that ARCS positively influences students’
attitudes in certain learning processes, such as STEAM ed-
ucation, where technology is used [49]. In addition, ARCS
was also found to have a positive and significant influence on
perceived usefulness and ease of use, strengthening student
attitudes [50]. Keller [51] has already tested this motivational
model in teacher training programs, and based on the results
obtained in these tests, it was determined that the ARCS
model is useful for instructors and teachers.

Although the ARCS model provides a well-established
framework for understanding motivation in educational set-
tings, it is essential to consider how it intersects with recent
developments in UX design and pedagogy. Recent studies in
UX emphasize user-centered design and iterative feedback
loops [52]–[54], which align with the ARCS model’s focus
on maintaining attention and relevance. Moreover, advances
in pedagogical strategies, such as gamification and adaptive
learning, further enhance the ARCS framework by increas-
ing student engagement and satisfaction in digital learning
environments.

2) TAM Model
The TAM (Technology Acceptance Model) model is widely
used to understand and explain user acceptance and adoption
of technology [55]. It was proposed by Fred Davis in 1985
[56], who stated that the use of technology depended on
the mediation between perceived usefulness (PU) and per-
ceived ease of use (PEOU). These variables simultaneously
influence the attitude towards use, the intention to use, and
actual use of the technology [57]. Figure 2 [58] illustrates
the main TAM model components and their relationship. The
next lines describe those variables.

• Perceived Utility (PU) refers to the user’s belief that
technology will improve performance. Also, it refers
to the degree to which the individual, in this case,
the student, perceives that this tool can increase their
effectiveness when carrying out a task.

• Perceived Ease of Use (PEOU) refers to the user’s belief
that the technology is easy to use and does not require
excessive effort; the greater the perception of ease of
use, the more likely the user will accept and adopt the
technology.

• Attitude Towards Use comes from the positive or neg-
ative feeling generated by the use, in this case, of
technology.

• Intent to Use represents the extent to which a user in-
tends to use the technology in the future, where a period
is expected according to the importance of deciding to
use it.

As [59] describes, the TAM model is based on the Theory
of Reasoned Action (TAR), which seeks to measure the
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FIGURE 2: TAM model.

factors that determine human behavior as a predictor of
behavior toward an object or situation. It is based on the
assumption that people are rational beings, where through
this, they perform actions or conduct behaviors according
to the information available analyzing behavioral intentions
rather than attitudes [60]. Davis [56] states that perceived
ease of use has a causal effect on perceived usefulness,
that these two variables simultaneously influence the attitude
toward use, and that only perceived usefulness affects the
intention to use. Wu, Liu, and Huang [50], in their research
on STEAM education, sought to explore the relationship
between perceived usefulness and perceived ease of use with
the attitude towards use and intention to use, where the result
was that These were related in a positive and significant way.

In research carried out in an institute in China, the vari-
ables of the TAM model were studied in a cognitive system
using VR as the main tool for teaching ancient Chinese
architecture [61]. That study concluded that implementing
Virtual Reality benefits learning, describing it as a useful and
practical tool that facilitates student learning.

Although the TAM model represents a standard to mea-
sure and evaluate the impact of technological items, the
ARCS model provides a robust framework for evaluating
the motivational effect of technology by considering multiple
dimensions of user experience and perception in a structured
and customizable manner [44]. This research applied the
ARCS model to determine the motivational impact of VR
technology on high school and university students’ experi-
ences, learning, applications, and future competencies.

III. METHODOLOGY AND RESEARCH DESIGN
A. METHODOLOGY
In this study, an experimental methodology is used based
on implementing VR in the educational field, teaching a
workshop for students belonging to the sample determined
for this research. Two theoretical models will be used to
analyze this tool’s impact: the ARCS and TAM models.
These models will provide a solid basis for evaluating student
motivation and their acceptance of VR as an educational tool.

B. POPULATION AND SAMPLE
In Chile, by 2023, 1,341,439 enrollments in higher edu-
cation will be reached, covering undergraduate, postgradu-
ate, and postgraduate programs. Of this total, undergraduate
enrollments represent 1,249,401 students aged between 15
and 40 years or older, with 667,136 women, 582,263 men,

and 2 non-binary genders. If we focus on the Antofagasta
region, the number of undergraduate students enrolled for
2023 reached 36,705 students [62]. Table 1 summarizes the
number and percentage of students in higher education in
Chile.

TABLE 1: Students enrolled in higher education
Level of education Number Percentage

Undergraduate 1,249,401 93.1%
Postgraduate 52,312 3.9%

Posttitle 39,726 3.0%
Total 1,341,439 100.0%

Based on the data provided by [62] and [63], the target
population was considered to be high school Chilean students
who are in their third and fourth year since they are the
main guests at the VR workshop that was carried out at the
Catholic University of the North, Chile. The main goal of
that event was to disseminate university majors. This study
also considers undergraduate university students within the
age range of 18 to 40 years. A simple random sampling was
performed to obtain a representative population sample.

Table 2 provides a detailed view of the 53 participants
surveyed, segmented by various categories. First of all, we
have gender, where 54.7% are men, 43.4% women, and a
small percentage (1.9%) prefer not to reveal their gender. The
respondents’ ages ranged from 16 to 29, with an average of
20. It is highlighted that most students are between 16 and 24
years old, with the group being 16 years the most represented,
with 20.8%. Concerning education, most participants were
studying high school education, with a significant presence
in high school third and fourth year, with 34% and 22.6%
respectively. Regarding university majors, Commercial En-
gineering leads with 24.5%. The general distribution of the
educational level reflects that 56.6% of the students were
studying secondary education, while 43.4% were pursuing
a university degree. All respondents are familiar with VR
glasses, and the vast majority (92.5%) have had experience
using these devices. Regarding ownership, 84.9% do not own
VR glasses at home. Regarding use, a diversity of contexts
is observed, from entertainment to educational purposes,
with entertainment and video games are the most common
applications, with a total of approximately 75.4%.

C. MEASURING SCALES
The Likert scale, named after its creator, Rensis Likert,
is a psychometric scale used to prepare questionnaires in
various investigations. It is one of the most used measurement
methods for measuring attitudes since it allows them to be
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TABLE 2: Students enrolled in higher education (I)
Item Option Count Percentage

Sex

Man 29 54.7
Women 23 43.4

I prefer not to say 1 1.9
Total 53 100.0

Age

16 11 20.8
17 9 17.0
18 10 18.9
19 1 1.9
22 4 7.5
23 7 13.2
24 4 7.5
25 2 3.8
26 2 3.8
28 2 3.8
29 1 1.9

Total 53 100.0

Education

Architecture 3 5.7
Law 1 1.9

Nursing 1 1.9
Civil Engineering

in Mines 1 1.9

Industrial Civil
Engineering 2 3.8

Commercial Engineering 13 24.5
Information Engineering
and Management Control 2 3.8

High School – 3rd Year 18 34.0
High School – 4th Year 12 22.6

Total 53 100.0

Educational level
University Major 23 43.4

High School 30 56.6
Total 53 100.0

Do you know
VR glasses?

Yeah 53 100.0
Total 53 100.0

Have you used
VR glasses?

4 7.5
Yeah 49 92.5
Total 53 100.0

In what context
have you used it?

Has not used it 4 7.5
Entertainment 21 39.6

Entertainment /
Educational

Purposes
1 1.9

Entertainment /
Play Video Games 4 7.5

Workshop / Fair 2 3.8
Educational

Purposes 4 7.5

Work
Purposes 1 1.9

Playing Video
Games 15 28.3

Play Video Games /
Educational purposes 1 1.9

Total 53 100.0

Do you have
VR glasses at home?

No 45 84.9
Yeah 8 15.1
Total 53 100.0

quantified, thus facilitating the analysis and interpretation
of the data collected [64]. The Likert scale uses an ordinal
level of measurement, given that, in the items presented, the
alternatives range from the most unfavorable to the most
favorable, making it one of the simplest to respond to [65].
The Likert scale has been selected as the measurement scale
for the questionnaire applied in this article due to its wide use
in measuring attitudes and its ability to provide quantitative
data relevant to the research objectives set out in the TAM
and ARCS models. This study uses a five-grade scale, with 1
“Totally disagree”, 2 “Disagree”, 3 “Neutral”, 4 “Agree” and
5 “Totally agree”.

Table 3 presents the questionnaire delivered to the students
who participated in the experience for variables of the ARCS
model. Through this, students’ perceptions about the imple-
mentation of VR in the learning process will be known, as
well as how it influences the different categories (Attention,
Relevance, Confidence, and Satisfaction) and motivation to
learn through VR. Table 4 shows the questionnaire providing
information about students’ perceptions based on the four
categories of TAM model.

TABLE 3: Questionnaire based on the ARCS model(
ARCS Categories Questions

Attention

I found the experience of exploring virtual environments
attractive and exciting.

Exploring virtual environments captured my attention
and increased my concentration.

The visual and auditory
elements of the virtual environment kept my attention at
all times.

Relevance

The experience of visiting virtual environments using VR
allowed me to connect with topics that interest me personally.

The virtual environments explored offered relevant and enriching
information about the places and cultures represented.

The ability to visit real places through VR made the experience
relevant and meaningful to me.

Confidence

The instructions on using virtual reality made
me feel confident in my ability to explore virtual places.

I felt safe and comfortable using virtual reality during the
experience. Experience using VR helped me develop confidence
in adapting to new technologies and learning environments.

Using Virtual Reality increases my confidence and security that I
can obtain good results at the end of the learning process.

Satisfaction

Exploring virtual environments improves my learning ability and
gives me a feeling of satisfaction.

The experience in virtual environments exceeded my expectations
and left me with a feeling of satisfaction.

I received positive feedback and recognition during the experience
in virtual environments, which contributed to my satisfaction.

Motivation

If teachers implemented Virtual Reality in the learning process, my
commitment and motivation to study would increase.

I am willing to use Virtual Reality if the teacher implements this
technology in future learning activities

I would actively participate in the learning process if the teacher
implements Virtual Reality in the classrooms

TABLE 4: Questionnaire based on the TAM model
TAM Categories Questions

Perceived ease of use

I quickly learned to use the Virtual Reality glasses in
the experience.
I think it would be easy for me to use virtual reality in
future classes.
The Virtual Reality interface is intuitive and easy to interact with.
In general, I find VR devices to be easy to use.

Perceived usefulness

Virtual reality can improve my academic performance.

Virtual reality can be a useful tool to improve learning.
Virtual reality is an effective tool for practice and application
of knowledge.
I consider that Virtual Reality can be useful in teaching.

Attitude toward
the use

I have enjoyed using Virtual Reality as a learning method.
I feel greater enthusiasm and motivation if Virtual Reality
is used as a teaching method.
It would be curious and fascinating to use virtual reality as
a learning method.

Intention to use
Virtual reality is a viable and preferable option for my learning.
I would like to have the opportunity to use virtual reality in my
classes.
I would continue to use Virtual Reality in the future as a learning
method if it is applied in the classroom by teachers.

D. WORKSHOP DESCRIPTION

The workshop “We Learn What We Live” immersed deeply
in VR’s educational possibilities. This initiative was devel-
oped with enthusiasm and dedication on October 17, 18, and
19, 2023, at the Catholic University of Noth, Antofagasta,
Chile. Subsequently, it was extended in subsequent weeks
with additional scheduled sessions, approximately two work-
shops per week, adjusting to the demand for registrations. 53
students participated during these sessions, guided through
an educational journey using virtual reality glasses to ex-
plore places such as Machu Picchu and the Great Wall of
China. This hands-on approach allowed for the collection
of valuable data for our research and provided participants
with a unique and unforgettable educational experience. This
workshop considered both theory and practice, providing a
deeper understanding of the implementation of virtual reality
in the academic field.
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In this study, we used Google Cardboard, an affordable and
accessible virtual reality (VR) headset widely implemented
in educational settings. Google Cardboard allows users to
experience virtual reality content using a simple and inex-
pensive cardboard headset and their smartphones [1]. Google
Cardboard VR headsets cost only a few dollars and work with
most smartphones, enabling mobile virtual reality to enter
the everyday realm [2]. Cardboard glasses are made of card-
board and focal length lenses. Regarding the application, the
Nearpod platform was originally designed for teachers [66],
which allows the creation of interactive presentations that
incorporate places to visit virtually and that are compatible
with Virtual Reality technology; it also provides feedback to
the creator of the presentation. In summary, the “We Learn
What We Live” workshop pursues disseminating information
about historical places and focuses on exploring how Virtual
Reality can enrich learning through immersive experiences.
During the experience, students used their smartphones. This
was possible due to the rapid advancement of mobile de-
vices in recent years, featuring larger screens and higher
resolutions [3]. User experiences are a combined function
of screen size, content resolution, and viewing distance [4].
Previous studies show that increases in resolution beyond a
specific limit are not noticeable and, therefore, have little
impact on the user experience [3]. Its interactive and edu-
cational approach makes it a valuable tool for evaluating the
perception and acceptance of Virtual Reality technology in
the educational environment, a crucial aspect that will be
analyzed in depth in this research.

E. DETAILED DESCRIPTION OF THE WORKSHOP
The procedure used in this research is broken down into sev-
eral stages to determine the execution of the VR experience
and maintain organization in the research. Table 5 describes
each stage.

IV. DATA ANALYSIS & RESULTS
A. LEARNING OUTCOMES
As mentioned above, the Nearpod platform was used to carry
out the workshop “We learn what we live”. This allowed the
creation of lessons in slide format where it was possible to
insert interactive images, specifically the virtual Field Trip
(virtual field trip), which allowed one to visit various places
in the world through Virtual Reality. This platform, in turn,
allows the creation of questionnaires, games, and debates for
students during or after lessons, providing more information
about the learning that students obtain in them. Considering
all the tools that Nearpod has, a small questionnaire was
carried out to the students who participated in the Virtual
Reality experience to measure the learning they obtained
after visiting the virtual spaces and providing them with
relevant information about them. The questionnaire (Table 6)
comprises six questions in total; 3 of them are related to
Machu Picchu, and the rest to the Great Wall of China.

Table 7 specifies the students’ scores after completing the
experience. It must be taken into consideration that the mini-

TABLE 5: Stages of the VR experience
Stage Description

Introduction to the
experience

- A presentation is made of the researchers who teach the workshop
and a brief introduction is given to the students about the objective of the
study in which they are participating, where simultaneously a consent or
informed assent is given, depending on the age of the participant, which
They must read in detail and then sign and approve their participation in
the workshop and subsequent survey.
- Important information is provided about Virtual Reality technology
and its applications.
- Participants are informed of the name of the application to use,
which is Nearpod, explaining how it works. This application will facilitate
the experience of visiting the predetermined locations for the workshop.
- Cardboards are shown, providing some characteristics and
instructions for their use, such as their placement.
- Before starting the experience, the students are informed that at the
end of the experience, a small questionnaire will be done about the places
visited. Likewise, the places they will visit are mentioned, including
two emblematic places, Machu Picchu and La Great Wall of China.

Experience

- Students must enter their names and nicknames in the Nearpod
application to access the virtual room where the places will be observed.
The students will be observed and attended to by the researchers regarding
any questions and inconveniences that may arise during the experience.
- Students begin the tour in virtual environments, starting on a train trip
to Machu Picchu and culminating in the extensive Great Wall of China.
- Simultaneously, they will be provided with relevant information about
the places they are visiting, including historical data, geographical
details, and certain curiosities about them. The above will allow students to
better understand the importance and uniqueness of each place since it is not
only seeks to provide an immersive experience but also enriches their
knowledge about these emblematic sites.

Quiz

- At the end of the experience, a brief questionnaire is carried out to
measure
the learning that the students obtained during the adventure.
- A reward is given to the participant who obtained the highest score in the
questionnaire and to the rest of the students for participating in the
workshop.

Data collection

- Once the experience and the first questionnaire are finished,
the students will be given a printed survey related to the study itself,
in this way, the experience will be evaluated using variables based on
the ARCS and TAM models, said questionnaire will contain
questions/statements specific ones related to the constructs
of Attention, Relevance, Trust, Satisfaction, Motivation, Perceived
Ease of Use, Perceived Usefulness, Attitude Towards Use and Intention
to Use.

Analysis of data

- The data collected during the sessions carried out are entered into
an Excel spreadsheet, where they are tabulated and categorized to create
a database.
- Once the database is created, it is taken to the SPSS software for
statistical analysis. This statistical analysis will consider descriptive
tables, cross tables, and bar graphs, which will provide more detailed
information on the responses of each variable.

Interpretation

- After having obtained all the necessary information from the data
provided by the SPSS software and previous literature and research,
a descriptive analysis will be carried out. It will be discussed whether
the findings support or contradict existing theories and research about
implementing VR technology in
education.
- The benefits and limitations that come with the implementation of VR
technology in an educational context will be made known according to this
study, which will provide a comprehensive view of the results and their
relevance for the educational area.

Conclusions

- Conclusions will be drawn on the most relevant findings of the research
and their relevance in the educational context. Recommendations and
suggestions will be offered for possible future research or a possible
future implementation of this technology in classrooms.

TABLE 6: Questions to measure learning
Quiz Questions

1. What does "Machu Picchu" mean?
2. What was the main purpose of Machu Picchu according to what you have learned?
3. Who built Machu Picchu?
1. What is the approximate length of the Great Wall of China?
2. In what year was The Great Wall of China named one of the 7 wonders of the world?
3. What function did the Great Wall of China serve?

mum score is 1 point. That is, they only got 1 question right,
while the maximum score is 1 point. 6 points, successfully
answering all questions. The table presents the frequency
and percentages of the scores obtained by the students,
classifying the data according to their educational level and
giving us the total obtained from the general sample. In
the first instance, we obtained that the general average is
4 points, where 33.3% of the students answered correctly
in 4 of 6 questions (4/6); of this percentage, 19.6% were
high school students, and 13.7% were university students.
Secondly, we have that 23.5% reached 5 points. That is,
they got 5 questions right. Of this percentage, 13.7% of the
students belonged to secondary education and 9.8% to higher
education. Then, we found equality in percentages between
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TABLE 7: Learning outcomes

Item Punctuation Frequency
Educational level

Total
High school University

Score

1/6
Count 1 0 1

% 2.0% 0.0% 2.0%

2/6
Count 5 0 5

% 9.8% 0.0% 9.8%

3/6
Count 2 6 8

% 3.9% 11.8% 15.7%

4/6
Count 10 7 17

% 19.6% 13.7% 33.3%

5/6
Count 7 5 12

% 13.7% 9.8% 23.5%

6/6
Count 3 5 8

% 5.9% 9.8% 15.7%

Total
Count 28 23 51

% 54.9% 45.1% 100.0%

TABLE 8: Results of variable Attention

Construct Item Alternatives Frequency

Educational level

TotalHigh
school

University

Attention

I found the
experience of

exploring virtual
environments
attractive and

exciting.

Disagree
Count 2 0 2

% 3.8% 0.0% 3.8%

Neutral
Count 6 0 6

% 11.3% 0.0% 11.3%

Agree
Count 9 3 12

% 17.0% 5.7% 22.7%

Totally
agree

Count 13 20 33

% 24.5% 37.7% 62.2%

Total
Count 30 23 53

% 56.6% 43.4% 100.0%

Exploring virtual
environments

captured my attention
and increased my

concentration.

Totally
disagree

Count 1 0 1

% 1.9% 0.0% 1.9%

Disagree
Count 3 0 3

% 5.7% 0.0% 5.7%

Neutral
Count 7 1 8

% 13.2% 1.9% 15.1%

Agree
Count 13 8 21

% 24.5% 15.1% 39.6%

Totally
agree

Count 6 14 20

% 11.3% 26.4% 37.7%

Total
Count 30 23 53

% 56.6% 43.4% 100.0%

The visual and
auditory elements of

the virtual
environment kept my
attention at all times.

Totally
disagree

Count 1 0 1

% 1.9% 0.0% 1.9%

Disagree
Count 2 0 2

% 3.8% 0.0% 3.8%

Neutral
Count 7 1 8

% 13.2% 1.9% 15.1%

Agree
Count 14 7 21

% 26.4% 13.2% 39.6%

Totally
agree

Count 6 15 21

% 11.3% 28.3% 39.6%

Total
Count 30 23 53

% 56.6% 43.4% 100.0%

the students who obtained 3 and 6 points, with 15.7% of
students in both cases. Subsequently, we have 9.8% and 2%
of students who obtained a score of 2 and 1, respectively,
coming only from high school students.

B. ARCS RESULTS
The next lines describe the ARCS results.

• Attention construct. In the first item of Table 8, “I found
the experience exploring virtual environments attrac-
tive and exciting,” 24.5% of high school students and
37.7% of higher education students said they completely
agreed with the statement. On the other hand, 22.7%
expressed agreement, 11.3% experienced neutrality, and
only 3.8% disagreed. In the second item, “The explo-
ration of virtual environments captured my attention and
increased my concentration,” a more equitable distri-
bution was observed between the positive statements:
37.7% said they totally agreed, 39.6% agreed, 15.1%
neutral, 5.7% disagreed and only 1.9% totally disagree.
Regarding the third item, “The visual and auditory
elements of the virtual environment kept my attention
at all times,” there is a symmetry of percentages in
the “Agree” and “Totally agree” options, with 39.6%
in both. However, in the “Agree” alternative, there is a
higher percentage of high school students, with 26.4%,
while in the “Totally agree” option, the percentage of
university students is higher, with 28.3%.

• Relevance construct. Table 9 presents the variables
belonging to the Relevance dimension, revealing the
percentages obtained in the alternatives of each item,
focusing mainly on those that achieved the highest
percentage of responses. In the first item, “The expe-
rience visiting virtual environments using VR allowed
me to connect with topics that interest me person-
ally,” a diversity of responses is observed. Regarding
the percentages, 39.6% expressed agreement with the
previous statement, of which 24.5% were high school
students and 15.1% were university students. On the
other hand, 30.2% said they totally agreed, where 5.7%
were high school students and 24.5% were university
students. Finally, 24.5% expressed neutrality, of which
20.7% were high school students, and 3.8% were higher
education students. In the second item, “The virtual
environments explored offered relevant and enriching
information about the places and cultures represented,”
the majority of students expressed agree or totally agree
with the statement, obtaining 26.4% and 60.4% re-
spectively. Regarding the “Agree” option, 22.6% were
from high school students and 3.8% from university
students, while in the “totally agree” option, 20.8%
were from high school students and 39.6% were from
university students. For the third item, “The possibility
of visiting real places through VR made the experience
relevant and meaningful to me,” the positive options
reached a higher percentage of responses, where 50.9%
of respondents stated that they completely agreed. agree
with the statement, of this percentage being 37.7%
university students. Then the “Agree” option continues,
which reached 32.1% of responses, where 26.4% of said
percentage were high school students.
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• Confidence construct. Table 10 details the results of this
construct. In the first item of Table 10, “The instructions
given about the use of virtual reality made me feel
confident in my ability to explore virtual places,” a
significant majority is observed in favor of the previous
statement, where 32.1% said they agreed and 50.9%
totally agreed. Of the 32.1% who said they agreed,
18.9% belonged to secondary education and 13.2% to
higher education, while of the 50.9% who expressed to-
tal agreement, 20.7% belonged to secondary education
and 30.2% were university students. The alternatives
“Totally disagree,” “Disagree,” and “Neutral” obtained a
lower percentage of responses, being only from students
on average. In the second item of Table 10, “I felt safe
and comfortable using virtual reality during the expe-
rience,” again the responses are mainly concentrated
in the alternative “totally agree,” with 58.5% of this
percentage, 26.4% are high school students, and 32.1%
are university students. As for the rest of the alternatives,
“Agree” obtained 20.8% and “Neutral” 15.1%, while
a minimum percentage said they disagreed or totally
disagreed. For the third item of Table 10, “Experience
using VR helped me develop confidence in my ability to
adapt to new technologies and learning environments,”
49.1% stated that they completely agree; of this per-
centage, 18.9% are high school students, and 30.2% are
university students. Then we have that in the “Neutral”
and “Agree” options, 17% and 32.1% were obtained,
respectively. In the fourth item of Table 10, “Using
Virtual Reality increases my confidence and security
that I can obtain good results at the end of the learning
process,” the responses were mostly concentrated in
the “Agree” option, with 41.5%, being this percentage
26.4% high school students and 15.1% higher education
students. Then we have the alternatives “Neutral” and
“Totally agree” with 15.1% and 35.8%, respectively.

• Satisfaction construct. The Satisfaction dimension is
made up of three variables, and each of them has 5
response alternatives. In the first item in Table 11,
“Exploring virtual environments improves my learn-
ing capacity and gives me a feeling of satisfaction,” a
greater percentage of people agree and totally agree with
the statement proposed. The “Neutral” option obtained
15.1%; of this percentage, 13.2% were high school
students, and 1.9% were university students. On the
other hand, the alternative “Agree” reached 34%, where
20.8% belonged to high school students and 13.2% to
university students. Finally, 49.1% leaned toward the
“Totally agree” option, where 20.8% were high school
students and 28.3% were university students. In the
second item, “The experience in virtual environments
exceeded my expectations and left me with a feeling of
satisfaction,” there is a higher percentage of responses in
the “Agree” and “Totally agree” options; that is, 26.4%
of the students agreed with the statement, with 18.9%
being average students and 7.5% university students.

Then we have that 56.6% totally agreed, where 24.5%
were high school students, and 32.1% were higher edu-
cation students. As for the alternatives “Neutral,” “Dis-
agree,” and “Totally disagree,” these reached 13.2%,
1.9%, and 1.9%, respectively. In the third and last item,
“I received positive feedback and recognition during the
experience in virtual environments, which contributed to
my satisfaction,” 52.9% said they totally agreed, where
18.9% were high school students and 34% university
students. Then we have 24.5% in the “Agree” option,
where 18.9% were high school students, and 5.6% were
higher education students. Meanwhile, the alternatives
“Neutral” and “Totally disagree” obtained a total of
18.9% and 3.8%, respectively.

• Motivation construct. The Motivation construct (Ta-
ble 12) was created to overview the students’ per-
ceptions based on the ARCS model. In addition, the
variables are established considering the role of teach-
ers since they are a fundamental part of implementing
teaching strategies using VR technology. In the first
item, “If teachers implemented Virtual Reality in the
learning process, it would increase my commitment
and motivation to study,” the alternative “Totally agree”
obtained the highest percentage (58.5%). Of the latter,
26.4% were high school students, and 32.1% were uni-
versity students. Then we are followed by the “Agree”
option, which obtained 24.5%, of which 15.1% were
high school students and 9.4% were university students.
Regarding the alternatives “Neutral” and “Totally dis-
agree,” 15.1% and 1.9% were obtained, respectively,
received mainly from high school students. In the sec-
ond item, “I am willing to use Virtual Reality if the
teacher implements this technology in future learning
activities,” there is a high percentage of students who
are willing to use VR, reaching a significant 75.4%,
with an equitable distribution of secondary and higher
education students. Concerning the alternatives “Agree,”
“Neutral,” and “Disagree,” these had a total percent-
age of 15.1%, 5.7%, and 3.8%, respectively, obtained
mainly from high school students. In the last item, “I
would actively participate in the learning process if the
teacher implements Virtual Reality in the classrooms,”
a trend for positive responses continues to be reflected,
where 60.4% totally agree with the statement, with a
percentage balance of students from different educa-
tional levels.
Meanwhile, the alternative “Agree” reaches a percent-
age of 22.6%, maintaining the equitable distribution of
middle and higher education students. Then we have
“Neutral” and “Disagree” with 15.1% and 1.9% corre-
spondingly. These percentages come mostly from high
school students.

V. DISCUSSION
The study’s general objective was successfully achieved,
where the variables of attention, relevance, confidence, and
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TABLE 9: Results of variable Relevance

Construct Item Alternatives Frequency

Educational level

TotalHigh
school

University

Relevance

The experience of
visiting virtual

environments using
VR allowed me to
connect with topics

that interest me
personally.

Totally
disagree

Count 1 0 1

% 1.9% 0.0% 1.9%

Disagree
Count 2 0 2

% 3.8% 0.0% 3.8%

Neutral
Count 11 2 13

% 20.7% 3.8% 24.5%

Agree
Count 13 8 21

% 24.5% 15.1% 39.6%

Totally
agree

Count 3 13 16

% 5.7% 24.5% 30.2%

Total
Count 30 23 53

% 56.6% 43.4% 100.0%

The virtual
environments

explored offered
relevant and

enriching
information about

the places and
cultures represented.

Totally
disagree

Count 1 0 1

% 1.9% 0.0% 1.9%

Neutral
Count 6 0 6

% 11.3% 0.0% 11.3%

Agree
Count 12 2 14

% 22.6% 3.8% 26.4%

Totally
agree

Count 11 21 32

% 20.8% 39.6% 60.4%

Total
Count 30 23 53

% 56.6% 43.4% 100.0%

The ability to visit
real places through

VR made the
experience relevant
and meaningful to

me.

Totally
disagree

Count 3 0 3

% 5.7% 0.0% 5.7%

Neutral
Count 6 0 6

% 11.3% 0.0% 11.3%

Agree
Count 14 3 17

% 26.4% 5.7% 32.1%

Totally
agree

Count 7 20 27

% 13.2% 37.7% 50.9%

Total
Count 30 23 53

% 56.6% 43.4% 100.0%

satisfaction in adopting Virtual Reality technology in educa-
tional contexts could be evaluated, considering the perceived
ease of use, perceived usefulness, attitude towards use, and
intention to use. In addition, the ARCS motivational model
was generally evaluated, considering the role of teachers.
The general objective was achieved by meeting the oper-
ational objectives, where a Virtual Reality experience was
proposed and successfully applied for third-year, fourth-year,
and university students, thus favoring data collection. The
main findings are discussed below.

Starting with the ARCS variables, we captured the stu-
dents’ attention during the virtual reality experience, high-
lighting an especially positive response from the university
students. The results align with the theory of the ARCS
motivational model, where the importance of generating
stimuli that achieve students’ interest is raised. These stim-
uli were achieved by delivering an attractive and exciting
experience, with 84.9% approval, capturing the attention
and concentration of 77.3% of the total number of students
as it is an immersive experience that uses visual and au-
ditory elements, keeping students involved throughout. the
course of the workshop. This level of attention achieved
during the VR experience suggests that implementing this

TABLE 10: Results of variable Confidence

Construct Item Alternatives Frequency

Educational level

TotalHigh
school

University

Confidence

The instructions
provided on

the use of virtual reality
made

me feel confident in my
ability

to explore virtual places

Totally
disagree

Count 1 0 1

% 1.9% 0.0% 1.9%

Disagree
Count 1 0 1

% 1.9% 0.0% 1.9%

Neutral
Count 7 0 7

% 13.2% 0.0% 13.2%

Agree
Count 10 7 17

% 18.9% 13.2% 32.1%

Totally
agree

Count 11 16 27

% 20.7% 30.2% 50.9%

Total
Count 30 23 53

% 56.6% 43.4% 100.0%

I felt safe and
comfortable

using virtual reality
during the
experience

Totally
disagree

Count 1 0 1

% 1.9% 0.0% 1.9%

Disagree
Count 2 0 2

% 3.8% 0.0% 3.8%

Neutral
Count 6 2 8

% 11.3% 3.8% 15.1%

Agree
Count 7 4 11

% 13.2% 7.5% 20.8%

Totally
agree

Count 14 17 31

% 26.4% 32.1% 58.5%

Total
Count 30 23 53

% 56.6% 43.4% 100.0%

Experience using VR
helped me develop
confidence in my

ability
to adapt to new

technologies
and learning

environments.

Totally
disagree

Count 1 0 1

% 1.9% 0.0% 1.9%

Neutral
Count 8 1 9

% 15.1% 1.9% 17.0%

Agree
Count 11 6 17

% 20.8% 11.3% 32.1%

Totally
agree

Count 10 16 26

% 18.9% 30.2% 49.1%

Total
Count 30 23 53

% 56.6% 43.4% 100.0%

Using Virtual Reality
increases

my confidence and
security

that I can obtain good
results

at the end of the
learning process

Totally
disagree

Count 1 0 1

% 1.9% 0.0% 1.9%

Disagree
Count 2 1 3

% 3.8% 1.9% 5.7%

Neutral
Count 6 2 8

% 11.3% 3.8% 15.1%

Agree
Count 14 8 22

% 26.4% 15.1% 41.5%

Totally
agree

Count 7 12 19

% 13.2% 22.6% 35.8%

Total
Count 30 23 53

% 56.6% 43.4% 100.0%

technology can be effective in educational environments to
engage students further and provide an environment con-
ducive to learning. In the second instance, we focus on
the Relevance variable, where again positive results are
obtained that support that the experience was relevant for
the students, confirming what was proposed by Keller, who
mentions the importance of generating positivism in learning
environments and processes. On this occasion, and adding
the percentages obtained in the positive opinions, 69.8%
of the students expressed a high connection with topics of
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TABLE 11: Results of variable Satisfaction

Construct Item Alternatives Frequency

Educational level

TotalHigh
School

University

Satisfaction

Exploring virtual
environments improves my
learning ability and gives

me a feeling of satisfaction

Disagree

Count 1 0 1

% of the
total

1.9% 0.0% 1.9%

Neutral

Count 7 1 8

% of the
total

13.2% 1.9% 15.1%

Agree

Count 11 7 18

% of the
total

20.8% 13.2% 34.0%

Totally
agree

Count 11 15 26

% of the
total

20.8% 28.3% 49.1%

Total

Count 30 23 53

% of the
total

56.6% 43.4% 100.0%

The experience in virtual
environments

exceeded my expectations
and left me

with a feeling of satisfaction

Totally
dis-

agree

Count 1 0 1

% of the
total

1.9% 0.0% 1.9%

Disagree

Count 1 0 1

% of the
total

1.9% 0.0% 1.9%

Neutral

Count 5 2 7

% of the
total

9.4% 3.8% 13.2%

OK

Count 10 4 14

% of the
total

18.9% 7.5% 26.4%

Totally
agree

Count 13 17 30

% of the
total

24.5% 32.1% 56.6%

Total

Count 30 23 53

% of the
total

56.6% 43.4% 100.0%

I received positive feedback
and recognition

during the experience in
virtual environments,

which contributed to my
satisfaction

Totally
disagree

Count 2 0 2

% of the
total

3.8% 0.0% 3.8%

Neutral

Count 8 2 10

% of the
total

15.1% 3.8% 18.9%

Agree

Count 10 3 13

% of the
total

18.9% 5.6% 24.5%

Totally
agree

Count 10 18 28

% of the
total

18.9% 34.0% 52.9%

Total

Count 30 23 53

% of the
total

56.6% 43.4% 100.0%

personal interest. Furthermore, a solid 86.8% perceived the
information provided about the places visited as enriching
and relevant, while 83% considered that the possibility of
exploring real places through VR contributed to making the
experience meaningful for them. It is important to highlight
that the percentages mentioned are mostly attributable to uni-
versity students, indicating that the experience may resonate
differently depending on the educational level. The above
shows that, being an enriching and attractive experience and
taking place in a calm and positive environment, students’
relevance to these new and innovative learning spaces in-
creases. On the other hand, a high degree of confidence was
obtained from the students participating in the experience,
given that many expressed feeling confident before, during,
and after the experience. This is attributed to the delivery

TABLE 12: Results of variable Motivation

Construct Item Alternatives Frequency

Educational level

TotalHigh
school

University

Motivation

If teachers implemented
Virtual Reality in the
learning process, my

commitment and
motivation to study would

increase.

Totally
disagree

Count 1 0 1

% of the
total

1.9% 0.0% 1.9%

Neutral

Count 7 1 8

% of the
total

13.2% 1.9% 15.1%

Agree

Count 8 5 13

% of the
total

15.1% 9.4% 24.5%

Totally
agree

Count 14 17 31

% of the
total

26.4% 32.1% 58.5%

Total

Count 30 23 53

% of the
total

56.6% 43.4% 100.0%

I am willing to use Virtual
Reality

if the teacher implements this
technology in future learning

activities

Disagree

Count 2 0 2

% of the
total

3.8% 0.0% 3.8%

Neutral

Count 2 1 3

% of the
total

3.8% 1.9% 5.7%

Agre

Count 6 2 8

% of the
total

11.3% 3.8% 15.1%

Totally
agree

Count 20 20 40

% of the
total

37.7% 37.7% 75.4%

Total

Count 30 23 53

% of the
total

56.6% 43.4% 100.0%

I would actively participate
in the

learning process if the
teacher

implements Virtual Reality in
the

classrooms

Disagree

Count 1 0 1

% of the
total

1.9% 0.0% 1.9%

Neutral

Count 7 1 8

% of the
total

13.2% 1.9% 15.1%

Agree

Count 6 6 12

% of the
total

11.3% 11.3% 22.6%

Totally
agree

Count 16 16 32

% of the
total

30.2% 30.2% 60.4%

Total

Count 30 23 53

% of the
total

56.6% 43.4% 100.0%

of precise instructions on the use of platforms and devices,
achieving an accumulation of positive opinions that reached
83%. In addition, the above gives security and comfort to
the students, with a percentage of positive expressions of
79.2%, which in turn allows the development of greater
confidence and adaptability in the face of new technologies
and learning environments (81.2%). All the strengthening
of confidence translates into a greater ability of students to
obtain better results at the end of each educational process,
with 41.5% and 38.5% in agreement. The results affirm
that trust was consolidated through effective communication,
as proposed by Keller [45] in his motivational model; this
communication not only provided security and comfort in
the use of technological tools and new learning spaces but
also promoted students’ greater confidence in their abilities
to achieve success in any training process. In this sense, the
confidence gained by students through learning experiences
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will be crucial for the development of Self-Efficacy [67]. This
refers to students’ beliefs about their ability and the resources
available to carry out tasks and achieve goals successfully,
both in academic and professional settings. A student with
a strong sense of self-efficacy will demonstrate initiative in
acquiring academic skills, setting realistic yet challenging
goals, and selecting learning strategies appropriate to task
demands. This ability to adapt and employ effective strategies
is not only beneficial in the academic realm [68], [69], but
it is also highly transferable and valuable in professional
environments.

Regarding the last variable of the ARCS model, the results
indicate that generalized satisfaction and positive perceptions
were achieved at both educational levels concerning the
consequences generated by this Virtual Reality experience,
which is reflected in the sum of the percentage (83.1%) of
students who stated that this experience improved their learn-
ing capacity and that it also completely exceeded their expec-
tations (83%), favorably increasing the feeling of satisfaction.
We must also highlight that providing positive feedback and
recognition during and after the experience contributes even
more to the above, with 77.4% affirmation.

The above corroborates what was mentioned in the ARCS
model, where the achievement of positive results by students
during the learning process, with the delivery of incentives
and positive feedback, achieves a significant increase in their
satisfaction in educational spaces. In conjunction with the
above, the findings also support the effectiveness of imple-
menting new technologies in educational environments to
generate higher satisfaction levels in both high school and
university students. To know more accurately the general mo-
tivation obtained after the experience, the “motivation” vari-
able was included, given that ARCS is a motivational model,
where teachers were included since they are a fundamental
part of implementing strategies that encourage motivation.
The results demonstrate significant positivism towards im-
plementing VR technology in the learning process, stating
that if this is implemented, it will increase commitment and
motivation for the study, with 83% in agreement, in addition
to actively participating. in the learning processes that use
this tool, with 83% approval. In this way, it is confirmed that
designing effective strategies, such as implementing Virtual
Reality, can capture attention, generate relevance, increase
confidence, and increase student satisfaction in learning en-
vironments.

Continuing with the findings, we move on to the vari-
ables that make up the TAM model, which suggests that
users’ attitudes and intentions toward technology are mainly
influenced by their perceived usefulness and ease of use.
These attitudes and intentions, in turn, predict actual usage
behavior. The results show that VR was perceived as easy to
use by most participants, where a large part of the students
(79.2%) learned to use the VR glasses quickly, stating that
the tool consisted of intuition. , with 77.4% agreeing, so
in general, most students perceived the ease of use of VR
technology, approving and simplifying its implementation in

future learning processes. This perception supports the idea
that ease of use is a key factor in technology acceptance, as
the TAM model postulates. The perceived usefulness of VR
also received a positive response. 64.7% of the participants
consider that this technology can be useful in the teaching
process and that they would continue using it in the future
as a learning method if it were applied in the classroom by
teachers; in addition, 68.6% expressed having enjoyed this
technology in the teaching process. These results support the
central premise of the TAM model that perceived usefulness
is critical in influencing attitude and intention to use. The
aforementioned aligns with the guidelines of accessibility
and universal design for implementing educational experi-
ences with attention to diversity [70]. That is to say, the
intuitive use of the tool combined with simple instructions
allows the student to have a favorable learning experience,
removing barriers that may arise from its operation.

Regarding the variable Attitude Towards Use and based
on the results obtained, there is a positive reception on the
part of the students towards the use of VR, since, in general,
it caused enthusiasm, motivation, curiosity, fascination, and
enjoyment during the course. learning process. Although the
experience generally caused positive feelings in the students,
the percentages show that university students were more
susceptible to responding favorably. In conclusion, the use
of variables and the findings allows us to appreciate a sub-
stantial interest on the part of the students in the intention
to use Virtual Reality technology in the future. This tool is
perceived by students as a viable and preferable option for
learning spaces, with a total approval percentage of 86.2%,
pushing students to experience great interest in the use of this
tool in educational spaces and as a learning method, with a
total passing percentage of 88.3% and 92.2% respectively.

To conclude the findings regarding the TAM model, it can
be said that if students perceive virtual reality technology
as an easy-to-use tool that increases their efficiency when
acquiring knowledge, the more positive their attitude toward
this mechanism will grow and achieve the intention to use
Virtual Reality in the future and for a long time. To conclude
the learning results, we would like to highlight that most
of the students obtained good results in the questionnaire
that contained questions about the places visited during the
experience since of the 51 students who answered the ques-
tionnaire, 37 received a score of 4 or more correct answers.
Despite having obtained an average of 4, it is expected
that the results will improve if this type of learning space
is carried out more frequently since some students when
participating for the first time in an experience such as the
Reality workshop Virtually, experienced greater amazement
and, therefore, some distraction.

A. IMPLICATIONS AND LIMITATIONS OF THE STUDY
This study applied the ARCS (Attention, Relevance, Confi-
dence, and Satisfaction) and TAM (Technology Acceptance
Model) frameworks to assess the impact of Virtual Reality
(VR) as a pedagogical tool. While the results are promising
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and suggest that VR can enhance student motivation and
engagement, it is crucial to recognize the specific context
in which this study was conducted. Although the ARCS
model, developed in the 1980s, provides a strong founda-
tion for understanding motivation in educational settings,
we acknowledge the need to integrate this model with more
recent developments in UX design and pedagogical theory.
Modern UX practices, such as user-centered design and
iterative testing, align well with the principles of the ARCS
model, emphasizing the importance of creating relevant and
engaging user experiences. Furthermore, recent pedagogical
advances, including adaptive learning technologies and gam-
ification strategies, offer further support to the ARCS frame-
work by improving learners’ attention, relevance, confidence,
and satisfaction. These integrations not only validate the
continued relevance of the ARCS model but also provide a
more comprehensive approach to evaluating the effectiveness
of Virtual Reality (VR) in education.

The application of the ARCS model allowed us to examine
the motivational aspects of VR in a controlled educational
setting. The positive responses from students regarding at-
tention, relevance, confidence, and satisfaction highlight the
potential of VR to create immersive and engaging learning
experiences. However, the effectiveness of the ARCS model
in this context does not automatically imply its applicability
across all educational environments or with different student
demographics. Future research should explore the adaptation
of ARCS to other settings, investigating how different types
of content or skills influence the model’s effectiveness.

Similarly, the use of the TAM model provided insights
into students’ perceptions of the usefulness and ease of use
of VR technology. While the findings indicate a generally
favorable attitude toward VR, it is essential to consider that
these perceptions were shaped by the specific conditions of
the study, including the type of VR technology used and
the nature of the content delivered. The generalization of
these findings to other educational contexts or with different
technological tools should be approached with caution.

Moreover, the experiment presented here, while carefully
designed, represents only a single application of VR in a
specific educational context. As such, it is not possible to
make broad generalizations about the efficacy of VR in
diverse educational fields or to teach different types of con-
tent. The results should be considered indicative rather than
conclusive. More studies are needed to validate these findings
in different contexts, including multiple disciplines, hetero-
geneous student cohorts, and diverse educational levels.

We acknowledge that the study’s small sample size (53
participants) and the nonrandom selection of participants rep-
resent limitations. Furthermore, the experimental conditions
were not fully controlled, which could affect the generaliz-
ability of the findings. However, despite these limitations,
the results obtained are significant and align with previous
research on the benefits of Virtual Reality (VR) in education.
Statistical analyzes reveal clear and significant positive trends
in the impact of VR on student motivation and learning. The

diversity within our sample adds robustness to the findings,
suggesting that the observed effects of VR may be gener-
alizable at different educational levels. In addition, quali-
tative feedback from participants supports the quantitative
results, highlighting the substantial positive impact of VR
on students’ perceptions and motivation. Therefore, while
the limitations of the study are acknowledged, the evidence
presented strongly supports the potential of VR as a valuable
pedagogical tool.

In summary, while this study provides valuable informa-
tion on the potential of VR as an educational tool, it is
essential to contextualize these findings within the specific
scope of the research. The application of ARCS and TAM
models has provided a framework for understanding student
engagement and technology acceptance in this context, but
more research is needed to explore their broader applica-
bility. These limitations should guide future investigations,
ensuring that new research continues to refine and expand
our understanding of the role of VR in education.

VI. CONCLUSIONS
This study offers a detailed vision of adopting Virtual Reality
technology in learning environments and how the motiva-
tional aspects considered by the ARCS model (attention,
relevance, trust, and satisfaction) influence the acceptance
of said technology. Significant results were obtained in the
educational area in conjunction with technology, where the
ARCS and TAM models played a fundamental role in the
definition of learning strategies. The study showed and con-
firmed that it is effective to implement strategies that include
new technologies in learning processes, since it considerably
increases the motivational aspects of students face this. In
addition, this significantly influences the acceptance of the
the said technology, given that students positively relate
to obtaining better results in learning processes with VR
technology.

This tool played a fundamental role in the motivational as-
pects of the students in general since, during the experience,
it was possible to capture their attention significantly. At the
same time, it was relevant to them, and it generated great
confidence and gave them a high degree of satisfaction so that
they managed to feel motivated and enthusiastic during the
use of Virtual Reality throughout the learning process. This
success confirms theories based on the ARCS model, which
propose that when these four aspects are met in the learn-
ing strategies, the student’s motivation and commitment to
study will be victoriously achieved. By achieving the above,
students’ perception of this technology will be positive, as
demonstrated by this study. The strategy implemented for the
experience considers Virtual Reality at all times, including it
in each variable of the ARCS model. In this case, the stu-
dents felt comfortable and confident in using the technology,
directly influencing the perceived ease of use. Then, they
recognize the tool’s relevance and information, perceiving
the usefulness of Virtual Reality technology. Finally, the
above causes a critical positivism that influences students’
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attitudes toward technology in the educational field, leading
to a greater intention to use it.

The successful implementation of Virtual Reality (VR)
in educational settings has significant implications for
academia. First, VR offers an innovative and engaging tool
that can transform the learning experience. It captures stu-
dents’ attention differently and differentiates itself from tra-
ditional methods that often fail to maintain students’ atten-
tion at times successfully prolonged. Universities can enrich
teaching and facilitate the understanding of complex con-
cepts by providing immersive virtual environments. It should
be noted that a critical aspect is preparing students for a
digital future; integrating this type of technology is essential
in an increasingly digitalized world that allows them to
develop valuable skills useful in various professional fields.
In summary, universities should place a significant focus on
implementing VR in education due to its ability to improve
the quality of learning, foster student autonomy, and prepare
students for future technological challenges.

Although the study produced significant results, limita-
tions must be considered when interpreting the findings.
First, the sample was limited to university students and
students in their final years of high school in the Antofa-
gasta region, which could restrict the generalization of the
results to other student populations or geographic contexts.
Furthermore, the rapid evolution of Virtual Reality glasses
technology, with frequent launches of new devices such as
Oculus and Apple Vision, could influence the perception and
acceptance of VR in educational environments, considering
that the glasses used were Google Cardboard for this study.
, one of the most basic on the market, since they are made
with cardboard and focal length lenses. However, the impact
of the pandemic context on the perception of Virtual Reality
in education was not specifically evaluated, which could have
influenced the disposition and receptivity of students towards
new educational technologies. These limitations underscore
the need to carefully consider the scope and conditions of the
study when applying its conclusions.

Additionally, they suggest specific areas for future re-
search that address these constraints and expand the under-
standing of the implementation of Virtual Reality in educa-
tional settings. Another limitation is that the analysis was
simply descriptive due to the sample size (53 students), so the
research has likely missed the opportunity to explore deeper
relationships between the variables and examine possible cor-
relations or causalities. The lack of a more advanced analysis
could have limited the understanding of the complexities
and interactions between the different factors evaluated. In
future research, more advanced analytical methods, such as
multivariate analysis or predictive models, could provide a
more complete and detailed view of the relationships be-
tween the variables studied. This would allow us to under-
stand how some specific factors can influence the perception
and adoption of Virtual Reality in educational environments,
which would be valuable for both academia and profession-
als in decision-making and implementing strategies. Finally,

a significant limitation was the low workshop registration
rate and student willingness to participate, causing potential
bias in the results. The sample may not fully represent the
diversity of perspectives and experiences of the students.
This problem can be due to various factors, such as lack
of interest, time limitations, or misinformation. Finally, ex-
perienced virtual reality users have reported lower screen
quality with Google Cardboard compared to more advanced
headsets [7]. In future research, it would be valuable to
explore strategies that increase the number of participants,
such as improving the communication and promotion of the
workshop, making schedules more flexible, or implementing
incentives to encourage registration. This would allow for
broader and more diverse participation, enriching the external
validity of the findings, and providing a complete view of
the perception and acceptance of Virtual Reality in different
educational contexts.

Future research exploring options for remote implementa-
tion of virtual reality could address the sample’s limitation
of being restricted to the in-person experience. This would
allow participation to be expanded to people from diverse
geographic locations, increasing the representativeness and
diversity of the sample. Regarding lens choice due to bud-
getary restrictions, future studies could seek additional fund-
ing or collaborations with technology companies to access
more advanced devices. This would allow us to explore how
the quality of the experience with high-end devices could
influence students’ perceptions. Regarding the limitation of
the analysis due to the amount of data, future research could
implement more efficient data collection and management
strategies. Advanced analytical tools, such as machine learn-
ing, could facilitate deeper and more detailed analysis even
with large data sets, offering a more complete view of the
relationships between the variables evaluated.

This research suggests that the implementation of virtual
reality in educational settings promotes favorable learning
experiences. However, to project and replicate these expe-
riences in the future, it is crucial to consider extrapolating
the use of virtual reality to various aspects such as learn-
ing environments, teaching strategies, learning assessment,
and attention to diversity, among other factors. Additionally,
these results and application of Virtual Reality (VR) tools
guided by the ARCS paradigm (Attention, Relevance, Con-
fidence, Satisfaction) could have substantial potential in a
number of fields outside of education such as healthcare and
medical training, corporate training, tourism, mental health
and therapy, and others.

This consideration aims to ensure a more integrated anal-
ysis of the effect of virtual reality use in educational settings.

REFERENCES
[1] A. Al-Maskari, T. Al-Riyami, and S. K. Kunjumuhammed, “Students

academic and social concerns during covid-19 pandemic,” Education and
information technologies, vol. 27, no. 1, pp. 1–21, 2022.

[2] E. Acosta-Gonzaga, “The effects of self-esteem and academic engagement
on university students performance,” Behavioral Sciences, vol. 13, no. 4,
2023. [Online]. Available: https://www.mdpi.com/2076-328X/13/4/348

14 VOLUME 4, 2016

This article has been accepted for publication in IEEE Access. This is the author's version which has not been fully edited and 

content may change prior to final publication. Citation information: DOI 10.1109/ACCESS.2025.3560478

This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/

https://www.mdpi.com/2076-328X/13/4/348


Author et al.: Preparation of Papers for IEEE TRANSACTIONS and JOURNALS

[3] S. González-Yubero, M. Mauri, M. J. Cardoso, and R. Palomera, “Learn-
ing through challenges and enigmas: Educational escape room as a pre-
dictive experience of motivation in university students,” Sustainability,
vol. 15, no. 17, p. 13001, 2023.

[4] C. Galve-González, A. B. Bernardo, and A. Castro-López, “Understanding
the dynamics of college transitions between courses: Uncertainty associ-
ated with the decision to drop out studies among first and second year
students,” European Journal of Psychology of Education, pp. 1–20, 2023.

[5] P. Stanistreet, M. Elfert, and D. Atchoarena, “Education in the age of
covid-19: Implications for the future,” International Review of Education,
vol. 67, no. 1-2, pp. 1–8, 2021.

[6] K. Salta, K. Paschalidou, M. Tsetseri, and D. Koulougliotis, “Shift from
a traditional to a distance learning environment during the covid-19
pandemic: University students’ engagement and interactions,” Science &
Education, vol. 31, no. 1, pp. 93–122, 2022.

[7] A. Qvortrup, R. Lomholt, V. Christensen, T. E. Lundtofte, and A. Nielsen,
“Playful learning during the reopening of danish schools after covid 19
closures,” Scandinavian Journal of Educational Research, vol. 67, no. 5,
pp. 725–740, 2023.

[8] S. Greipl, K. Moeller, and M. Ninaus, “Potential and limits of game-
based learning,” International Journal of Technology Enhanced Learning,
vol. 12, no. 4, pp. 363–389, 2020.

[9] P. Wright, “Transforming mathematics classroom practice through par-
ticipatory action research,” Journal of Mathematics Teacher Education,
vol. 24, no. 2, pp. 155–177, 2021.

[10] D. E. Beck, L. Morgado, and P. M. O’Shea, “Finding the gaps about
uses of immersive learning environments: A survey of surveys,” J.
Univers. Comput. Sci., vol. 26, pp. 1043–1073, 2020. [Online]. Available:
https://doi.org/10.3897/jucs.2020.055

[11] J. Radianti, T. A. Majchrzak, J. Fromm, and I. Wohlgenannt, “A systematic
review of immersive virtual reality applications for higher education:
Design elements, lessons learned, and research agenda,” Computers &
Education, vol. 147, p. 103778, 2020.

[12] D. Beck, L. Morgado, and P. O’Shea, “Educational practices and strategies
with immersive learning environments: Mapping of reviews for using the
metaverse,” IEEE Transactions on Learning Technologies, vol. 17, pp.
319–341, 2024.

[13] A. Bodzin, R. A. Junior, T. Hammond, and D. Anastasio, “Investigating
engagement and flow with a placed-based immersive virtual reality game,”
Journal of science education and technology, vol. 30, pp. 347–360, 2021.

[14] G. Makransky and G. B. Petersen, “The cognitive affective model of im-
mersive learning (camil): A theoretical research-based model of learning
in immersive virtual reality,” Educational Psychology Review, pp. 1–22,
2021.

[15] Y. M. Akinola, O. C. Agbonifo, and O. A. Sarumi, “Virtual reality as a
tool for learning: The past, present and the prospect,” Journal of Applied
Learning and Teaching, vol. 3, no. 2, pp. 51–58, 2020.

[16] A. D. Obukhov, M. N. Krasnyanskiy, D. L. Dedov, and A. O. Nazarova,
“The study of virtual reality influence on the process of professional
training of miners,” Virtual Reality, vol. 27, no. 2, pp. 735–759, 2023.

[17] G.-C. Shin and M. D. Whitaker, “Korea’s entertainment industry: Lock-
down as opportunity for technical innovation,” in The Korean Wave in a
Post-Pandemic World: BTS, Cosmax and Squid Game. Springer, 2023,
pp. 411–479.

[18] L. Weng, Z. Wei, and F. I. Lam, “Research on immersive education
scenarios based on x-reality from the perspective of metaverse,” in
Proceedings of the 7th International Conference on Education and
Multimedia Technology, ser. ICEMT ’23. New York, NY, USA:
Association for Computing Machinery, 2023, p. 55–61. [Online].
Available: https://doi.org/10.1145/3625704.3625743

[19] C. Luna-Nevarez and E. McGovern, “The rise of the virtual reality (vr)
marketplace: exploring the antecedents and consequences of consumer
attitudes toward v-commerce,” Journal of Internet Commerce, vol. 20,
no. 2, pp. 167–194, 2021.

[20] R. Epp, D. Lin, and C.-P. Bezemer, “An empirical study of trends of
popular virtual reality games and their complaints,” IEEE Transactions on
Games, vol. 13, no. 3, pp. 275–286, 2021.

[21] X. Huang, J. Huss, L. North, K. Williams, and A. Boyd-Devine, “Cognitive
and motivational benefits of a theory-based immersive virtual reality
design in science learning,” Computers and Education Open, vol. 4, p.
100124, 2023.

[22] A. Almufarreh, “Exploring the potential of mixed reality in enhancing
student learning experience and academic performance: An empirical
study,” Systems, vol. 11, no. 6, p. 292, 2023.

[23] A. Scavarelli, A. Arya, and R. J. Teather, “Virtual reality and augmented
reality in social learning spaces: a literature review,” Virtual Reality,
vol. 25, pp. 257–277, 2021.

[24] A. Stepanov and I. Yusup, “Historical reality-specificity, format and
essence,” in SHS Web of Conferences, vol. 172. EDP Sciences, 2023,
p. 06002.

[25] V. Kiryushchenko, “Mapping philosophy: Peirce’s quincuncial projec-
tion,” in Diagrams, Visual Imagination, and Continuity in Peirce’s Phi-
losophy of Mathematics. Springer, 2023, pp. 125–139.

[26] M. Green and S. Halliday, “A geometric modeling and animation system
for virtual reality,” Communications of the ACM, vol. 39, no. 5, pp. 46–53,
1996.

[27] J. R. J. Neo, A. S. Won, and M. M. Shepley, “Designing immersive virtual
environments for human behavior research,” Frontiers in Virtual Reality,
vol. 2, p. 603750, 2021.

[28] M. Slater and S. Wilbur, “A framework for immersive virtual environments
(five): Speculations on the role of presence in virtual environments,”
Presence: Teleoperators and Virtual Environments, vol. 6, no. 6, pp. 603–
616, 1997.

[29] M. Slater, “Place illusion and plausibility can lead to realistic behaviour in
immersive virtual environments,” Philosophical Transactions of the Royal
Society B: Biological Sciences, vol. 364, no. 1535, pp. 3549–3557, 2009.

[30] A. Raza, A. Rehman, R. Sehar, F. S. Alamri, S. Alotaibi, B. Al Ghofaily,
and T. Saba, “Optimized virtual reality design through user immersion
level detection with novel feature fusion and explainable artificial intel-
ligence,” PeerJ Computer Science, vol. 10, p. e2150, 2024.

[31] T. F. Lønne, H. R. Karlsen, E. Langvik, and I. Saksvik-Lehouillier, “The
effect of immersion on sense of presence and affect when experiencing
an educational scenario in virtual reality: A randomized controlled study,”
Heliyon, vol. 9, no. 6, p. e17196, 2023.

[32] N. Biswas, A. Mukherjee, and S. Bhattacharya, ““are you feeling sick?”
– a systematic literature review of cybersickness in virtual reality,” ACM
Computing Surveys, vol. 56, no. 11, pp. 1–38, 2024.

[33] J.-C. Servotte, M. Goosse, S. H. Campbell, N. Dardenne, B. Pilote, I. L.
Simoneau, M. Guillaume, I. Bragard, and A. Ghuysen, “Virtual reality
experience: Immersion, sense of presence, and cybersickness,” Clinical
Simulation in Nursing, vol. 38, pp. 35–43, 2020.

[34] A. Maneuvrier, L. M. Decker, P. Renaud, G. Ceyte, and H. Ceyte, “Field
(in)dependence flexibility following a virtual immersion is associated with
cybersickness and sense of presence,” Frontiers in Virtual Reality, vol. 2,
2021.

[35] N. Pellas, A. Dengel, and A. Christopoulos, “A scoping review of im-
mersive virtual reality in stem education,” IEEE Transactions on Learning
Technologies, vol. 13, no. 4, pp. 748–761, 2020.

[36] N. Pellas, S. Mystakidis, and I. Kazanidis, “Immersive virtual reality in k-
12 and higher education: A systematic review of the last decade scientific
literature,” Virtual Reality, vol. 25, no. 3, pp. 835–861, 2021.

[37] M. M. Asad, A. Naz, P. Churi, and M. M. Tahanzadeh, “Virtual reality as
pedagogical tool to enhance experiential learning: a systematic literature
review,” Education Research International, vol. 2021, pp. 1–17, 2021.

[38] T. T. de Back, A. M. Tinga, P. Nguyen, and M. M. Louwerse, “Benefits
of immersive collaborative learning in cave-based virtual reality,” Interna-
tional Journal of Educational Technology in Higher Education, vol. 17, pp.
1–18, 2020.

[39] A. Marougkas, C. Troussas, A. Krouska, and C. Sgouropoulou, “Vir-
tual reality in education: A review of learning theories, approaches and
methodologies for the last decade,” Electronics, vol. 12, no. 13, p. 2832,
2023.

[40] G. Acosta-Portilla, J. Sánchez-Guerrero, R. Guillermo-Zambrano, and
A. Haro-Velasteguí, “Use of learning and knowledge technologies (lkt)
to dynamize the learning of analytic geometry in high school students,”
in Developments and Advances in Defense and Security: Proceedings of
MICRADS 2022. Springer, 2023, pp. 129–140.

[41] P. Mishra and M. J. Koehler, “Technological pedagogical content knowl-
edge: A framework for teacher knowledge,” Teachers College Record, vol.
108, no. 6, pp. 1017–1054, 2006.

[42] C. J. Chen, “Theoretical bases for using virtual reality in education,” 2009,
accessed: 2024-11-26. [Online]. Available: https://api.semanticscholar.
org/CorpusID:4841775

[43] C. Song and Q. Kao, “Enhancing learner motivation by adapting strategies
from the arcs model: experience from chinese online course design and
teaching,” Journal of China Computer-Assisted Language Learning, vol. 3,
no. 1, pp. 168–187, 2023.

VOLUME 4, 2016 15

This article has been accepted for publication in IEEE Access. This is the author's version which has not been fully edited and 

content may change prior to final publication. Citation information: DOI 10.1109/ACCESS.2025.3560478

This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/

https://doi.org/10.3897/jucs.2020.055
https://doi.org/10.1145/3625704.3625743
https://api.semanticscholar.org/CorpusID:4841775
https://api.semanticscholar.org/CorpusID:4841775


Author et al.: Preparation of Papers for IEEE TRANSACTIONS and JOURNALS

[44] J. Stockdale, P. Best, M. Birch, P. Murphy, and D. O’Neill, “Using the arcs
motivational model to design interdisciplinary virtual reality simulations,”
International Journal of Healthcare Simulation, no. null, pp. 1–11, 2023.

[45] J. M. Keller and J. M. Keller, “Building confidence,” Motivational Design
for Learning and Performance: The ARCS Model Approach, pp. 135–164,
2010.

[46] J. Jayalath and V. Esichaikul, “Gamification to enhance motivation and
engagement in blended elearning for technical and vocational education
and training,” Technology, Knowledge and Learning, vol. 27, no. 1, pp.
91–118, 2022.

[47] A. Jokelova, “Arcs motivational model: Theoretical concepts and its use in
online courses,” in 2013 IEEE 11th International Conference on Emerging
eLearning Technologies and Applications (ICETA), 2013, pp. 189–194.

[48] R. Orji, D. Reilly, K. Oyibo, and F. A. Orji, “Deconstructing persuasive-
ness of strategies in behaviour change systems using the arcs model of
motivation,” Behaviour & Information Technology, vol. 38, no. 4, pp. 319–
335, 2019.

[49] K. Li and J. M. Keller, “Use of the arcs model in education: A literature
review,” Computers & Education, vol. 122, pp. 54–62, 2018.

[50] C.-H. Wu, C.-H. Liu, and Y.-M. Huang, “The exploration of continuous
learning intention in steam education through attitude, motivation, and
cognitive load,” International Journal of STEM Education, vol. 9, no. 1,
pp. 1–22, 2022.

[51] J. M. Keller, “Development and use of the arcs model of instructional
design,” Journal of instructional development, vol. 10, no. 3, pp. 2–10,
1987.

[52] Y.-S. Chang, “Applying the arcs motivation theory for the assessment of
ar digital media design learning effectiveness,” Sustainability, vol. 13,
no. 21, 2021. [Online]. Available: https://www.mdpi.com/2071-1050/13/
21/12296

[53] L. Laurens-Arredondo, “Mobile augmented reality adapted to
the arcs model of motivation: a case study during the
covid-19 pandemic,” Education and Information Technologies,
vol. 27, no. 6, pp. 7927–7946, Jul 2022. [Online]. Available:
https://doi.org/10.1007/s10639-022-10933-9

[54] A. S. Gill, D. Irwin, D. Towey, and Y. Zhang, “Mobile microlearning to
scaffold project-based learning using arcs model: A preliminary study,” in
2024 IEEE 48th Annual Computers, Software, and Applications Confer-
ence (COMPSAC), 2024, pp. 411–420.

[55] S. A. Kamal, M. Shafiq, and P. Kakria, “Investigating acceptance of
telemedicine services through an extended technology acceptance model
(tam),” Technology in Society, vol. 60, p. 101212, 2020.

[56] F. D. Davis, “A technology acceptance model for empirically testing new
end-user information systems: Theory and results,” Ph.D. dissertation,
Massachusetts Institute of Technology, 1985.

[57] M. Liesa-Orús, C. Latorre-Cosculluela, V. Sierra-Sánchez, and
S. Vázquez-Toledo, “Links between ease of use, perceived usefulness and
attitudes towards technology in older people in university: A structural
equation modelling approach,” Education and Information Technologies,
vol. 28, no. 3, pp. 2419–2436, 2023.

[58] F. D. Davis et al., “Technology acceptance model: Tam,” Al-Suqri, MN,
Al-Aufi, AS: Information Seeking Behavior and Technology Adoption, pp.
205–219, 1989.

[59] S. Sackstein, M. Matthee, and L. Weilbach, “Theories and models em-
ployed to understand the use of technology in education: a hermeneutic
literature review,” Education and information technologies, vol. 28, no. 5,
pp. 5041–5081, 2023.

[60] B. H. Leso and M. N. Cortimiglia, “The influence of user involvement in
information system adoption: an extension of tam,” Cognition, Technology
& Work, pp. 1–17, 2022.

[61] W. Pei, T. T. S. Lo, and X. Guo, “Integrating virtual reality and interactive
game for learning structures in architecture: the case of ancient chinese
dougong cognition,” Open House International, vol. 48, no. 2, pp. 237–
257, 2023.

[62] S. de Educación Superior Gobierno de Chile, “Servicio de Información de
Educación Superior,” https://www.mifuturo.cl/wp-content/uploads/2023/
07/Matricula-_en_Educacion_Superior_2023_SIES.pdf, 2023, accessed:
2024-02-11.

[63] M. de Educación Gobierno de Chile, “Educación Media,” https://media.
mineduc.cl/, 2023, accessed: 2024-02-11.

[64] R. S. Asempapa and G. P. Brooks, “Factor analysis and psychometric
evaluation of the mathematical modeling attitude scale for teachers of
mathematics,” Journal of Mathematics Teacher Education, vol. 25, no. 2,
pp. 131–161, 2022.

[65] F. G. Karaoglan-Yilmaz, R. Yilmaz, K. Zhang, and A. B. Ustun, “Develop-
ment of educational virtual reality attitude scale: A validity and reliability
study,” Virtual Reality, pp. 1–11, 2023.

[66] A. Ramadhan, “Revolutionizing geography education: Developing mobile
learning multimedia via the nearpod platform,” Future Space: Studies in
Geo-Education, vol. 1, no. 1, pp. 82–98, 2024.

[67] A. Bandura, “Perceived self-efficacy in cognitive development and func-
tioning,” Educational psychologist, vol. 28, no. 2, pp. 117–148, 1993.

[68] W. J. Pool-Cibrián and J. I. Martínez-Guerrero, “Autoeficacia y uso de
estrategias para el aprendizaje autorregulado en estudiantes universitarios,”
Revista electrónica de investigación educativa, vol. 15, no. 3, pp. 21–36,
2013.

[69] I. Rustiawan, J. D. S. Amory, and D. Kristanti, “The importance of creativ-
ity in human resource management to achieve effective administration,”
Journal of Contemporary Administration and Management (ADMAN),
vol. 1, no. 3, pp. 144–149, 2023.

[70] M. d. l. M. R. Pulido, “Las tecnologías digitales al servicio del diseño
universal para el aprendizaje,” Journal of Neuroeducation, vol. 3, no. 1,
2022.

16 VOLUME 4, 2016

This article has been accepted for publication in IEEE Access. This is the author's version which has not been fully edited and 

content may change prior to final publication. Citation information: DOI 10.1109/ACCESS.2025.3560478

This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/

https://www.mdpi.com/2071-1050/13/21/12296
https://www.mdpi.com/2071-1050/13/21/12296
https://doi.org/10.1007/s10639-022-10933-9
https://www.mifuturo.cl/wp-content/uploads/2023/07/Matricula-_en_Educacion_Superior_2023_SIES.pdf
https://www.mifuturo.cl/wp-content/uploads/2023/07/Matricula-_en_Educacion_Superior_2023_SIES.pdf
https://media.mineduc.cl/
https://media.mineduc.cl/


Author et al.: Preparation of Papers for IEEE TRANSACTIONS and JOURNALS

JORGE SERRANO-MALEBRÁN received his
B.S. and M.S. degrees in Information Systems
from the Universidad Católica del Norte, Chile, in
2013, and his Ph.D. degree in Strategic Manage-
ment and International Business from the Univer-
sity of Seville, Spain, in 2022. Since 2013, he has
been an Assistant Professor in the Business Man-
agement Department at the Universidad Católica
del Norte, Chile. He has authored research articles
published in JCR journals. His research interests

include information systems, social media, and consumer behavior.

CRISTIAN VIDAL-SILVA is a full-time professor
of Videogame Development and Virtual Reality
Engineering (VDVRE) school at the Faculty of
Engineering at the University of Talca, Chile. He
received a B.S. degree in Information Engineering
from the Faculty of Engineering at the Catholic
University of Maule, Talca, Chile, in 2003, an
M.S. degree in Computer Science from the Univer-
sity of Concepcion, Concepción, Chile, in 2007,
and an M.S. in Computer Science from the Michi-

gan State University, East-Lansing, MI, the USA as a Fulbright scholar.
He obtained a Ph.D. in Software Engineering at the University of Seville,
Seville, Spain. He is the principal author of more than thirty articles
in research areas such as Feature-Oriented and Aspect-Oriented Software
Engineering, Machine Learning, Digital Circuits, and Programming. He also
worked as a reviewer of WOS and Scopus journals.

FRANCO CAMPOS-NÚÑEZ was born in
Calama, Antofagasta, Chile in 1996. He received
his B.S. and M.S. degrees in business management
from the Universidad Católica del Norte, Chile, in
2023. Since 2023, he has been a part-time profes-
sor in the Department of Business Management at
the Universidad Católica del Norte, Chile. He is
the author of research articles presented at interna-
tional conferences. His research interests include
information systems, strategic management, and

entrepreneurship.

ROMINA VALERIA GÓMEZ LÓPEZ is a Psy-
chologist and Master in Education. Academic
at the School of Psychology of the Universidad
Católica del Norte. She has been an author and co-
author of publications and book chapters in Higher
Education and Teacher Training. Along the same
lines, she has participated as a co-author in re-
search projects and as an academic in postgraduate
programs.

CONSTANZA ARAYA-MÁRQUEZ received her
degree in Business Management from the Univer-
sidad Católica del Norte, Chile, in 2022. Since
2024, she has been an advisor for the Regional
Government of Antofagasta, Chile. She has been
involved in various regional development projects,
and her work focuses on public administration and
regional planning.

KATALINA PLAZA-CARVAJAL received her de-
gree in Business Management from the Univer-
sidad Católica del Norte, Chile, in 2022. Since
2024, she has been serving as the Head of Procure-
ment and Finance at the Municipal Foundation for
Sport and Culture in María Helena, in the Antofa-
gasta region of Chile. She has managed financial
operations and procurement processes, ensuring
efficiency and transparency in the foundation’s
activities.

VOLUME 4, 2016 17

This article has been accepted for publication in IEEE Access. This is the author's version which has not been fully edited and 

content may change prior to final publication. Citation information: DOI 10.1109/ACCESS.2025.3560478

This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/


	Introduction
	Problem statement, goal, and contributions
	Threats to Validity

	BACKGROUND
	Virtual Reality
	Models used in research on VR in education
	ARCS Model (Attention, Relevance, Confidence, and Satisfaction)
	TAM Model


	METHODOLOGY AND RESEARCH DESIGN
	Methodology
	Population and sample
	Measuring scales
	Workshop description
	Detailed description of the Workshop

	DATA ANALYSIS & RESULTS
	Learning outcomes
	ARCS results

	Discussion
	Implications and Limitations of the Study

	Conclusions
	REFERENCES
	Jorge Serrano-Malebrán
	Cristian Vidal-Silva
	Franco Campos-Núñez
	Romina Valeria Gómez López
	Constanza Araya-Márquez
	Katalina Plaza-Carvajal


