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ABSTRACT Today, teaching faces several challenges, including students’ difficulty in understanding
abstract concepts and lack of motivation. To address these problems, the use of virtual reality (VR) has been
explored as an innovative and potentially effective educational tool. However, so far, the effectiveness of VR
applications and the perception of their use lack a clear and effective approach to be used to support education.
The importance of addressing this problem lies in the need to improve the quality of teaching using emerging
technologies. It is for this reason that it is important to find new strategies to improve the effectiveness of
teaching using VR. In this context, this research presents the results of the FreeDev application, previously
validated with 20 teachers and with 80 engineering students from a private university. FreeDev is a VR
application designed to support the teaching of basic programming, it is aimed as an educational tool to
provide an immersive experience to students on how to get started in programming and computational
thinking. FreeDev has been well accepted, and both teachers and engineering students see it as a tool that can
be used to support education. It is hoped that this research will contribute to the advancement of knowledge
in the field of education.

INDEX TERMS Virtual reality, active learning, VR application, VR developer, authentic learning, active
learning.

I. INTRODUCTION
Progress towards quality education was already slower than
required before the pandemic, but after the restrictions
imposed by Covid-19, there have been devastating impacts on
education [1]. Quality education is one of the 17 Sustainable
Development Goals (SDGs), according to theUnitedNations,
and is the key to achieving and developing several of the other
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goals [1], [2]. When people can have access to education,
there is a high probability that they will be able to escape
the cycle of poverty [2]. In the pandemic, most governments
decreed the temporary lockdown of educational institutions,
affecting 91% of students around the world [3]. For this
reason, the use of technology to support education became
a necessity [3], [4]. The sudden ‘‘digital transformation’’ [5]
made educational institutions adopt digital technologies as
emerging in their eagerness to maintain the teaching and
learning processes [6]. This created challenges for teachers
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in adapting academic content to the all-digital scenario and
the use of digital technologies to support the educational
model [7], [8].

Currently, digital technologies have proven to be valuable
tools to support the educational model, providing flexibility,
personalization, and access to a wide range of educational
resources [9], [10], [11]. The use of technologies in education
can improve the quality and effectiveness of the learning pro-
cess, offering students interactivity, collaboration, immediate
feedback, and flexibility [9], [12], [13].

Examples of such technologies include virtual and aug-
mented reality (AR/VR) [14], [15], [16], gamification [17],
[18], mobile learning [19], [20], artificial intelligence (IA)
[21], [22], cloud computing [23], [24], Internet of Things
(IoT) [25], [26], among others. VR offers immersive expe-
riences that can transport students to realistic virtual envi-
ronments, which is impossible in a traditional learning envi-
ronment [27]. Conversely, this technology fosters authentic
learning, allowing students to interact with learning resources
in a more hands-on and realistic way [28]. VR platforms such
as, Spatial CVR andAltspaceVR enable students and teachers
to collaborate on projects and engage in educational activities
in a way that goes beyond the limitations of traditional
teaching [29], [30]. VR affords students access to educational
resources and simulated laboratories from around the world,
without having to leave the classroom [31]. This feature
provides a safe environment for students to acquire skills
and perform practices and procedures without risk [32], [33].
In addition, this technology can tailor educational content
to the individual needs of students, allowing them to learn
at their own pace and according to their preferred learning
style [27], [34].

Education has been facing several challenges, such as the
difficulty students have in understanding abstract concepts
and lack of motivation [15], [35]. To address these problems,
the use of emerging technologies has been investigated as
an innovative and potentially effective educational tool [36],
[37]. VR has emerged as a disruptive technology with the
potential to completely transform the way we interact with
the world around us [16]. This has made this technology a
useful tool for immersive learning and simulation of complex
scenarios [38], [39]. Besides its application in training and
simulation, VR has been increasingly used in certain col-
laborative learning environments [29]. However, until now,
a clear and effective approach to evaluate the usability of VR
applications has not been established. Nor has the perceived
usefulness of VR as a support in higher education been
evaluated.

This research focuses on the design and use of an
immersive application called FreeDev, which uses a VR
environment to encourage the learning of programming
languages through logic and computational thinking. Unlike
other similar initiatives in the current literature, the research
does not focus only on the design of the application,
but also performs usability analysis by students and
teachers of a private university in Ecuador. In addition,

TABLE 1. Research objectives and questions.

it analyzes the perceived usefulness, both by teachers and
students, in the implementation of FreeDev as a support
tool in classes. The objectives of this research are detailed
in Table 1.

This section introduces the reader to the use of emerging
technologies such as VR to innovate online education.
Section II shows the literature review. Section III presents
the methodology used to achieve the proposed objectives.
Section IV details the results obtained. Section V pro-
vides the discussion of the results. Section VI reports the
conclusions and finally, section VII indicates the future
work.

II. LITERATURE REVIEW
VR can be defined as a computer-simulated experience
that mimics various physical environments to facilitate the
understanding of its users [16]. This technology generates
a virtual environment by amplifying characters, situations,
or objects in three-dimensional form, which together increase
the realistic feeling to the user of this technology [16], [40].
When users use this technology, they can receive sensory
stimulations, such as vision, hearing, and touch, that seem in
the virtual world [16], [38].

VR being an integrated technology whose principle is to
build a 3D virtual spatial world, it can be used in multiple
contexts [38], [41]. In recent years, VR technology has
been used by professionals in multiple areas such as, sports
training [42], medical care [43], and school trips [44]. Also,
in other areas such as agribusiness [45], music [46], in remote
navigation applications to help people to know unknown
environments, such as museums, aquariums, natural parks or
even cities [44].

From an education perspective, VR technology has been
used for teaching foreign languages [47], anatomy [48],
mathematics [49], [50], programming [51], biology [52] and
in engineering education [53]. Furthermore, this technology
is used to plan and practice complex surgical procedures, with
the goal of improving accuracy prior to actual surgery [35].
VR can provide experiences that complement traditional
education, allowing students to explore complex concepts in
a more tangible way [54].
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Two educational areas that conducted research on user
perception using VR were, learning forensic scenarios [55],
and gynecology training [56]. The results of the second
research suggested that the perceptions of learners’ use of
VR (perceived usefulness, perceived ease of use, perceived
enjoyment, perceived behavioral control, perceived internal
control, perceived internal control, positive attitude, satis-
faction, and confirmation with the system) resulted in an
engaging experience that generated intention to use virtual
reality training systems for learning [56].
With training as the main use, the adoption of this tech-

nology finds its natural path towards immersive educational
environments [52], [57], [58]. Moreover, several educational
researchers have recognized the use of this technology as
beneficial to encourage and motivate authentic learning [47],
[55], [58], [59]. These benefits make VR one of the most
influential emerging technologies for educational innovation.

III. MOBILE APPLICATION DESIGN
The development of the FreeDev application was done with
the help of Unity 2021.3.12f1 LTS software, in conjunction
with Visual Studio 2022 Community Edition. These tools
have been widely used for the design and construction of
video games using VR technology. The characteristics of
these platforms are explained in Table 2.

For the development of the application, the Oculus Meta
Quest SDK was used, in addition to the following libraries:

• UnityEngine / UnityEngine.UI: for the connection and
use of the internal functions of the Unity engine.

• UnityEngine.XR: for XR specific functionalities, which
include VR.

• Oculus.Interaction: for the connection and interaction of
the user with the Oculus Meta Quests.

In the development of an application, which is going to
be used as support in education, it is essential to clearly
and precisely establish the requirements and needs that are
intended to be addressed [60], [61]. These elements will
guide the creative process, ensuring that the application is
effective in meeting its educational objectives [60]. Likewise,
the design must ensure that the application motivates users
and encourages them to use it [62] and [63]. Therefore,
it should have a user-friendly interface, be simple, coherent,
and intuitive, avoiding redundancy and offering interactive
navigation [60], [61], [64], [65].

In this case, the requirements were identified in a previous
study [66], and are listed in Table 3.
Subsequently, these activities were carried out within a set

time frame, defined in Table 4. If problems arose, the team
met briefly to resolve doubts and continue with the project.
The priority of each cycle was determined by the final project
objectives, and all stages received a priority rating of no
less than nine. At the end of each cycle, the work done was
reviewed, demonstrated, and adapted in a meeting with the
entire team to finalize the development of FreeDev. Finally,
the developed application has four levels, which are placed
from the lowest level of difficulty to the most complicated.

FIGURE 1. Mathematical calculation exercise using FreeDev.

FIGURE 2. Student using FreeDev.

This to challenge the students to motivate them and foster a
sense of discovery.

The following are images of the use of the designed
application. Figure 1 shows how the exercises to be solved
are presented. Each one of them contains all the necessary
information, together with the blocks, to be able to build the
necessary algorithm. This image displays information written
in Spanish because the mobile application was designed in
this language. Figure 2 presents a participant using the VR
goggles to perform the FreeDev functional tests.

IV. METODOLOGY
Unlike other similar initiatives in the current literature, this
research did not focus solely on the design aspects of the
game, but on the evaluation of the perceived usability by
teachers and students. For this purpose, the IBM-CSUQ
tool [67] was used. Furthermore, a survey developed by the

86664 VOLUME 12, 2024



S. Criollo-C et al.: Use of Virtual Reality as an Educational Tool

TABLE 2. Development platforms used.

TABLE 3. Requirements for the design of mobile applications [66].

TABLE 4. Iterations required for the construction of the VR application.

authors, based on the research of Calvo-Morata. et al. [68],
was used to find out whether teachers recommended the use
of the application as a support in education.

A. PARTICIPANTS
This research had the participation of 80 students and
20 teachers from a private university of higher education
in Quito-Ecuador. The participants were selected by conve-
nience sampling. Of the 80 participants, 60 (75%) were male
and 20 (25%) were female.

The 20 teachers, 18 (90%) were men and 2 (10%) were
women. The age of the students ranged from 18 to 19 years.
Of the 80 students, 71 of them were 18 years old and 9 of
them were 19 years old.

B. EXPERIMENTAL PROTOCOL
Each participant accepted an informed consent provided
through a web form. The use of questionnaires to participants
did not require permission from an ethical committee,
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because the students are part of the university that sponsored
this research.

The experiment began with an induction on the use
of the FreeDev application. Each participant was able to
ask questions and make comments about the designed
application. After that, they proceeded with the use of the
FreeDev application (Figure 2), this work lasted approxi-
mately 25 minutes per student. The teachers finished the
experiment much faster; they finished it in approximately
20 minutes. Each participant had to use the VR application,
after which they had to answer two questionnaires. The
information provided, allowed identifying the usability of the
designed application, and the perceived usefulness of a VR
application as a support in higher education. This information
may be useful for teachers and educational institutions that
want to include VR to innovate traditional methodologies and
thus respond adequately to current learning challenges.

C. USABILITY ANALYSIS
To identify the usability of FreeDev, a survey provided by
the IBM-CSUQ tool has been used [67], with the Likert
7 scale [69]. This questionnaire consists of 19 questions
that evaluate the satisfaction that users experience when
employing the developed application [67]. This questionnaire
was developed with the purpose of obtaining data on the ease
of use of the system (SYSUSE), the quality of the informa-
tion provided (INFOQUIAL), the quality of the interfaces
(INTERQUIAL), and an overall evaluation of the application
and its ease of use (OVERALL). The questions are show
below:

1) QUESTIONS SYSUSE (QSY)
Q1 Overall, I am satisfied with how easy it is to use this

system.
Q2 It is simple to use this system
Q3 I can effectively complete my work using this system.
Q4 I am able to complete my work quickly using this

system.
Q5 I am able to efficiently complete my work using this

system.
Q6 I feel comfortable using this system.
Q7 It was easy to learn to use this system.
Q8 I believe I became productive quickly using this system.

2) QUESTIONS INFOQUIAL (QIF)
Q9 The system gives error messages that clearly tell me

how to fix problems.
Q10 Whenever I make amistake using the system, I recover

easily and quickly.
Q11 The information (on-screen messages and guidance

or other documentation) provided with this system is
clear.

Q12 It is easy to find the information I need.
Q13 The information provided with the system is easy to

understand.

Q14 The information is effective in helping me complete
my work.

Q15 The organization of information on the system screens
is clear.

3) QUESTIONS INTERQUIAL (QIT)
Q16 The interface of this system is pleasant.
Q17 I like using the interface of this system.
Q18 This system has all the functions and capabilities I

expect it to have.

4) QUESTION OVERALL (QOV)
Q19 Overall, I am satisfied with this system.

D. PERCEIVED USEFULNESS ANALYSIS
When designing an educational application, it is not only
important that it works well, but also that teachers find it
potentially applicable to their classrooms. Therefore, a survey
was used to measure the perceived usefulness of FreeDev as
a support for teaching programming.

The following are the questions used, based on the research
of Calvo-Morata et al. [68]:
QA Do you think this game is applicable in classrooms to

motivate learning and computational thinking?
QB Do you think the game offers students insight into

programming logic?
QC Would you use this game in your classroom?
QD Would you use other games in your classroom?
QE Do you consider the game as an effective tool tomotivate

guided learning in class?
QF Would you recommend this game for use as an

educational tool in classrooms?
This survey additionally provides a choice question.
After using this game, choose one or more words that

describe your perception? (Useful, Entertaining, Easy to use,
Friendly, Motivating, Intuitive, prefer not to answer).

V. RESULTS
A. USABILITY ANALYSIS
1) STUDENTS
Table 5 shows the mean, standard deviation, and median
results for the four categories of the IBM-CSUQ tool. Table 6
displays the top, average, and bottom values associated
with the tool used for the usability analysis. Figure 3
illustrates these results in graphical form. On the other hand,
Figures 4 and 5 present in graphical form the responses
of the 80 participants grouped by male and female gender
respectively. These data provide insight into how these groups
experience the usability of the designed application. The
graphs allow us to identify possible significant differences
between males and females regarding the usability of the
FreeDev application for its application in education. This can
be crucial to fully understand the results.

2) TEACHERS
Table 7 shows the mean, median and standard deviation
results for the four categories of the IBM-CSUQ tool. Table 8
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FIGURE 3. General results of the IBM-CSUQ survey of teachers.

FIGURE 4. Response of participants in the IBM-CSUQ survey (Male).

lists the top, average, and bottom values associated with the
tool used for the usability analysis. Figure 6 illustrates these
results in graphical form. Gender was not considered for this
analysis since the population was very small and there were
only two women in it.

B. PERCEIVED USEFULNESS ANALYSIS
1) STUDENTS
Figures 7 and 8 show the perception that men and women
have regarding the usefulness and use of FreeDev as a
support in the educational model. In addition, Figure 9
presents the words that the students chose to describe the
application. Most of the students perceive the application
used as entertaining and useful.

2) TEACHERS
Figure 10 shows the high perception that teachers have of
the usefulness of the FreeDev application as a support for
initial programming education. For this analysis, gender was
not considered since the population was very small and there
were only two women in it.

FIGURE 5. Response of participants in the IBM-CSUQ survey (Female).

FIGURE 6. General results of the IBM-CSUQ survey of students.

FIGURE 7. Answer to questions QA, QB, QC, QD, QE, and QF (Male).

VI. DISCUSSION
A. OBJECTIVE 1
The IBM CSUQ tool is widely used and recognized in
the field of usability, it also guarantees in this research,
effectiveness, ease of use, wide coverage, standardization,
and adaptability [67].

1) USABILITY-STUDENT ANALYSIS
The usability study revealed a positive result in the case of
students. In the survey formulated, most of them, in general,
answered ‘‘I agree’’ and ‘‘I strongly agree’’ to the questions
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FIGURE 8. Answer to questions QA, QB, QC, QD, QE, and QF (Female).

FIGURE 9. Using words to describe the application.

FIGURE 10. Answer to questions QA, QB, QC, QD, QE, and QF.

FIGURE 11. Using words to describe the application.

asked. This can be seen reflected in Table 5, Table 6 and
Figure 3. The data presented here show that the quality

TABLE 5. Mean (µ), Standard deviation (σ ) and median (M) of teachers.

TABLE 6. General results of the IBM-CSUQ survey of teachers.

of the interfaces (INTERQUIAL: Q16 - Q18) has a positive
trend, which is superior to the usability (SYSUSE), and to
the information presented (INFOQUIAL) in the application
used (FreeDev) both in the maximum value (6.49) and in
the average of the results (5.93). These values show that,
when using FreeDev, students perceive a high quality of
the interfaces, which allowed them to solve the exercises
in a better way. Similarly, the usability of the system
(SYSUSE: Q1 - Q8) obtained the second-best result, both
in the maximum value (5.86) and in the average (5.86). This
means that FreeDev is designed in such a way that students
can interact with it intuitively and without difficulties. If the
application is easy to use, it is very likely that students will
adopt it and will want to use it for their learning. The quality
of information presented in FreeDev (INFOQUIAL: Q9 -
Q15) has the lowest value of the four categories (SYSUSE,
INTERQUIAL, INFOQUIAL, and OVERALL), both in the
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TABLE 7. Mean (µ), Standard deviation (σ ) and median (M) of students.

TABLE 8. General results of the IBM-CSUQ survey of students.

maximum value (6.17), and in the average (5.54). Low
information quality can negatively affect the user experience
and can decrease users’ confidence in the application. This
result suggests that the design of the application may
and should be improved in terms of the presentation of
information on the screen, which should be clear and accurate
for the best use of FreeDev by students.

Finally, the overall satisfaction data (OVERALL: Q19)
show that, there was positive satisfaction, with scores ranging
from 5.05 to 6.50, with most scores being close to the average
of 5.78, with a standard deviation of 0.73, indicating some
variability in student responses.

Question Q11 ‘‘The information (on-screen messages and
guidance or other documentation) provided with this system
is clear’’ scored the lowest (µ = 5.38). This result means
that there are specific areas where the mobile application
may need improvement, for example, in the clarity of the
information provided. Question Q6 ‘‘I feel comfortable using

this system’’ obtained the highest rating (µ = 6.08). This
value means that they are having a positive experience in
terms of usability, design and overall satisfaction, which may
lead to higher user retention and positive recommendations
towards the application.

2) USABILITY ANALYSIS-TEACHERS
The usability study yields a positive result, since most of the
teachers responded with ‘‘I agree’’ and ‘‘I strongly agree’’ to
the questions formulated in this research. Table 7, Table 8,
and Figure 6 demonstrate that, after using FreeDev, teachers
perceive that the quality of the interfaces (INTERQUIAL:
Q16 - Q18) have a positive tendency, which is superior
to the usability (SYSUSE) and the information presented
(INFOQUIAL) in the application used, both in the maximum
value (6.27) and in the average of the results (5.68). These
values show that, when using FreeDev, teachers perceive a
high quality of the interfaces, which allowed them to solve
and complete the exercises quickly. Likewise, the usability
of the system (SYSUSE: Q1 - Q8) has the second best
result, both in the maximum value (6.01) and in the average
(5.71). This result indicates that, although teachers perceive
the usability of the system adequately, there is room for
improvement. It is important to identify the specific areas
where users feel that usability could be improved andwork on
them to provide a smoother and more satisfactory experience.
The quality of information presented in the application
(INFOQUIAL: Q9 - Q15) presents the lowest values of
the four categories (SYSUSE, INTERQUIAL, INFOQUIAL,
and OVERALL), with an average value of 5.62, a high value
of 5.96, and a minimum value of 5.28. Low information
quality can negatively affect the user experience and can
decrease users’ confidence in the application. This suggests
that the design of the application can and should be improved
in terms of the presentation of information on the screen,
which should be clear and accurate for the best use of FreeDev
by teachers. Finally, the overall satisfaction data (OVERALL:
Q19), reveal that, there was positive satisfaction, with scores
ranging from 5.35 to 6.65, and that most of the scores are
close to the average of 6.00, with a standard deviation of 0.65,
indicating little variability in the teachers’ responses.

Questions Q12 ‘‘It is easy to find the information I need’’
and Q13 ‘‘The information provided with the system is easy
to understand’’ were the questions with the lowest score
(µ = 5.35), indicating that the mobile application needs to
improve the visualization of the information displayed while
in use. Question Q6 ‘‘I feel comfortable using this system’’
scored the highest (µ = 6.05). This means that they are
having a positive experience in terms of usability, design and
overall Author Name: Preparation of Papers for IEEE Access
VOLUME XX, 2024 satisfaction, which may lead to higher
user retention and positive recommendations towards

These results contrast with data obtained in other studies
measuring the usability of emerging technologies for use
in education. In this context we can see the research
of Zhao et. al. [70] in which several educational games
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focused on teaching programming were designed through
the NEWTON project. The results demonstrate, as in our
research, that most users, consider the levels in the game to be
aesthetically designed, the user interface to be pleasing, and
easy to use. In addition, users strongly believe that the use
of a gamification strategy helped them to better understand
programming concepts, increased their interest in the courses,
and contributed to better results.

On the other hand, Silvennoinen et. al. [71] identified sev-
eral usability challenges in training surgical simulators using
VR. The biggest challenge they found was the visual design
and presentation of information in the simulation environ-
ment. Furthermore, the simulator does not provide feedback
on errors or when the task is completed. This result shows
that, as in FreeDev, the quality of information in a VR envi-
ronment must be clear to guide the user in achieving tasks.

Despite this, the usability results, in this research from both
students and teachers, evidence that the FreeDev application
has a solid foundation, ensuring usability and a presentation
of the interfaces that user’s rate positively. However, they also
suggest that there is room for improvement in the presentation
of system information. To improve the presentation of
information, some design improvements could be considered,
such as simplifying the information, using icons or graphics
to facilitate understanding, and ensuring that key information
is easily visible to users. Ultimately, it can be said that
the FreeDev application is easy to use for both students
and teachers, the participants perceive the application as
user-friendly and easy to understand. Moreover, the quality
of the interfaces (INTERQUIAL) and the usability of the
system (SYSUSE) obtained positive scores, which supports
the idea that the application is accessible and functional for
users. However, it is important to note that the quality of
information presented in the application (INFOQUIAL) had
the lowest minimum value, suggesting that the presentation
of information on the screen may need to be improved to
enhance the user experience.

Furthermore, the application presents an intuitive and easy-
to-navigate interface, which makes it easier for users to
access the content and provides an immersive and enriching
experience. On the other hand, it can be indicated that
the use of emerging technologies has great potential to
enhance the learning of programming by providing a unique
and memorable learning experience through virtual reality.
In conclusion, these results may be indicative that FreeDev
is an effective and promising tool to enhance the learning
process of students in programming.

B. OBJECTIVE 2
1) PERCEIVED USEFULNESS-STUDENTS
Most students answered the questions using the rating of 3,
4 and 5 on a Likert scale, suggesting that they consider the
application useful and beneficial to their learning. In the
case of males, the QF question ‘‘Would you recommend
this game for use as an educational tool in classrooms?’’

scored the highest and shows that males strongly recommend
the use of this application. Furthermore, it indicates that
not only do they consider the application useful, but they
also value it highly and are willing to recommend its use
to others. In the case of females, the QE question ‘‘Do you
consider the game as an effective tool to motivate guided
learning in class?’’ scored the highest. This suggests that
women consider the FreeDev app as an effective tool to
motivate guided learning in class. Furthermore, this indicates
that women value the app’s ability to encourage participation
and interest in learning in the educational environment. This
result is important, as motivation is a key factor in the
learning process. A tool that can motivate students to actively
participate in their learning can have a positive impact on their
academic performance and their attitude towards learning in
general.

These results are very encouraging and suggest that the
FreeDev application has great potential as an educational
tool in the classroom. The positive perception of the students
and their willingness to recommend the application suggest
that it is having a positive impact on their learning and
that it could be a valuable tool for improving teaching and
learning in the classroom. On the other hand, the results
of the QE question ‘‘After using this game, choose one or
more words that describe your perception?’’, provide a more
detailed view of the students’ perception of the app. It is
positive to see that most students find it entertaining and
motivating, suggesting that the app is effective in capturing
their interest and keeping their attention. This is important
because a motivating and engaging learning environment can
increase student participation and engagement. In addition,
it is encouraging that a significant number of students found
the application user-friendly and easy to use, suggesting that
the interface is accessible. This is essential to ensure that
students can use the application effectively and smoothly,
which can contribute to a positive learning experience. It is
interesting to note that fewer students found the app to be
particularly useful or intuitive. This could indicate areas
where the app could be improved to better meet user needs
and expectations.

Importantly, students perceived the FreeDev app to have
positive aspects, such as its ability to entertain and motivate
students, as well as aspects that could be improved, such as
its usefulness and ease of use. These findings can be useful
in identifying areas for improvement and optimizing the
application to provide an effective and satisfying experience
for users.

2) PERCEIVED USEFULNESS-TEACHERS
In the case of teachers, two groups (male and female)
were not considered, due to the low number of female
participants in the experiment. The results report a strong
positive perception of the usefulness of FreeDev as a support
in the educational model. The questions QA ‘‘Do you think
this game is applicable in classrooms to motivate learning
and computational thinking?’’, QC ‘‘Would you use this
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game in your classroom?’’, and QF ‘‘Would you recommend
this game for use as an educational tool in classrooms?’’,
had the highest scores in the questionnaire. This means that
teachers see the potential of the application to enhance the
learning experience and promote important skills such as
critical thinking and problem solving. Furthermore, there is
a genuine interest in integrating the app into real educational
environments. Not only do teachers see the value of the
application, but they are also willing to implement it in their
educational practices and most importantly, recommend it to
their colleagues.

Based on the results obtained, it can be indicated that both
teachers and students consider that the use of VR can offer
immersive and exciting learning experiences that can capture
the attention of students and make them feel more involved
in the learning process. Therefore, FreeDev can facilitate the
teaching and learning of programming, and both teachers and
students recommend it for use to support education.

VII. CONCLUSION
Overall, the recommendation by teachers and students for
the use of VR application in education highlights its value
and relevance in today’s educational context. These positive
results support the idea that the integration of VR technology
in education can have a significant positive impact on the
teaching and learning process, enhancing the educational
experience, and preparing students for the challenges of
today’s digital world.

The use of the IBM-CSUQ tool to evaluate an educational
VR application is a valuable strategy for obtaining informa-
tion about usability and user satisfaction. This can translate
into increased satisfaction, engagement, and efficiency in the
use of the FreeDev application.

The IBM-CSUQ generates information about the usability
of the application, including ease of use, efficiency, and
effectiveness. If CSUQ scores are high, it means that the
application is easy to use and that users can learn effectively.
In addition, it can provide information on user satisfaction.
If users report high levels of satisfaction, it is likely that they
are happy with the application and are willing to continue
using it to learn.

This tool can also identify areas for improvement in the
application. For example, if the ‘‘INTERQUIAL’’ score on
the CSUQ is low, it could signal that the user interface
needs improvement. On the other hand, the IBM CSUQ
provides a structured and scientifically validated framework
for measuring the usability of a VR application. This enables
objective results on usability and user experience, which is
critical for identifying areas for improvement and making
informed design decisions.

IBM CSUQ helps identify specific usability issues that
may be affecting the user’s experience with the VR appli-
cation. This allows designers and developers to proactively
address these issues and improve the overall quality of the
application.

The perceived usability of FreeDev demonstrates the
potential and effectiveness of the application in the educa-
tional environment. The favorable results suggest that both
teachers and students value the application as a useful and
beneficial tool for the teaching and learning process. These
positive results can be attributed to several factors, such as the
app’s ability to facilitate understanding of complex concepts,
its ability to enhance student motivation and engagement,
and its ability to provide a more interactive and engaging
learning experience. Also, the positive perceived usefulness
by teachers may be due to the application’s ability to
improve teaching efficiency and facilitate the personalization
of learning.

For this research, a sample of 80 students and 20 teach-
ers was used through convenience sampling, due to the
accessibility and availability to participate, without any
compensation, in the study. Although the sample may seem
small, it is important to note that this study focused on
evaluating the usability of a virtual reality application for
teaching programming, and participants were specifically
selected based on their interest and experience in this field.
In addition, although the sample is primarily from a single
university, it is worth noting that this institution has a very
diverse and representative student and faculty population in
terms of academic background and levels of programming
knowledge. The results of our study provide valuable
information on the usability of virtual reality application
in an educational context, and we believe that the results
are relevant and generalizable to other similar educational
institutions.We are confident that these results will contribute
significantly to the existing body of knowledge in this field.

VIII. FUTURE WORK
Given that the lowest value in the IBM CSUQ survey was
for the aspect of ‘‘INFOQUIAL’’ (quality of the information
presented in the application), future work could focus on
improving this aspect to increase the perception of usefulness
and, that students and teachers can use it and exploit its
capacity for use in education.

It is also important to conduct feedback sessions with
students and teachers to gather their opinions and suggestions
on how to improve the presentation of information in the
application. This could include incorporating interactive
elements, simplifying technical terminology, among other
aspects.

Performing usability testing can improve the quality of the
information presented in the application. This could include
conducting eye-tracking studies to analyze how users interact
with the information in the interface and which areas may be
confusing or unclear.

Finally, collaboration with experts in pedagogy and
instructional design is important to develop effective strate-
gies for improving the design of the application. This
could include incorporating active teaching techniques and
the use of multimedia resources to improve retention and
comprehension of information for use in education.

VOLUME 12, 2024 86671



S. Criollo-C et al.: Use of Virtual Reality as an Educational Tool

REFERENCES
[1] United Nations. (2015). Take Action for the Sustainable Development

Goals—United Nations Sustainable Development. [Online]. Available:
https://www.un.org/sustainabledevelopment/sustainable-development-
goals/

[2] United Nations. Sustainable Development Goals. Accessed:
Mar. 13, 2023. [Online]. Available: https://www.un.org/sustainabledeve
lopment/sustainable-development-goals/

[3] A. Shahzad, R. Hassan, A.Y.Aremu,A.Hussain, andR.N. Lodhi, ‘‘Effects
of COVID-19 in e-learning on higher education institution students: The
group comparison between male and female,’’ Qual. Quantity, vol. 55,
no. 3, pp. 805–826, Jun. 2021, doi: 10.1007/s11135-020-01028-z.

[4] T. Guggenberger, J. Lockl, M. Röglinger, V. Schlatt, J. Sedlmeir,
J.-C. Stoetzer, N. Urbach, and F. Völter, ‘‘Emerging digital technologies
to combat future crises: Learnings from COVID-19 to be prepared for the
future,’’ Int. J. Innov. Technol. Manage., vol. 18, no. 4, Jun. 2021, doi:
10.1142/s0219877021400022.

[5] A. Kutnjak, ‘‘Covid-19 accelerates digital transformation in industries:
Challenges, issues, barriers and problems in transformation,’’ IEEEAccess,
vol. 9, pp. 79373–79388, 2021, doi: 10.1109/ACCESS.2021.3084801.

[6] E. Al-Masri, S. Kabu, and P. Dixith, ‘‘Emerging hardware proto-
typing technologies as tools for learning,’’ IEEE Access, vol. 8,
pp. 80207–80217, 2020, doi: 10.1109/ACCESS.2020.2991014.

[7] A. A. Aseey and A. A. Andollo, ‘‘Electronic mobile devices, transfor-
mative pedagogy and learning: Higher education and changing times in
Kenya,’’ J. Educ. Social Res., vol. 9, no. 3, pp. 54–61, Sep. 2019, doi:
10.2478/jesr-2019-0022.

[8] R. C. Rath, S. K. Pandey, R. Goel, and S. K. Baral, ‘‘Role of
digital technology transformation in computer education: Emerging needs
and challenges,’’ in Proc. 9th Int. Conf. Rel., INFOCOM Technol.
Optim. Trends Future Directions (ICRITO), Sep. 2021, pp. 1–5, doi:
10.1109/ICRITO51393.2021.9596188.

[9] S. Criollo-C, O. Moscoso-Zea, A. Guerrero-Arias, Á. Jaramillo-Alcazar,
and S. Luján-Mora, ‘‘Mobile learning as the key to higher edu-
cation innovation: A systematic mapping,’’ IEEE Access, vol. 9,
pp. 66462–66476, 2021, doi: 10.1109/ACCESS.2021.3076148.

[10] V. I. Toktarova and A. V. Ivanova, ‘‘Implementation of pedagogical
innovations in the electronic educational environment of the university,’’
Medit. J. Social Sci., vol. 6, no. 3, pp. 179–186, Jun. 2015, doi:
10.5901/mjss.2015.v6n3s7p179.

[11] K. Burden, M. Kearney, S. Schuck, and T. Hall, ‘‘Investigating the use
of innovative mobile pedagogies for school-aged students: A systematic
literature review,’’ Comput. Educ., vol. 138, pp. 83–100, Sep. 2019, doi:
10.1016/j.compedu.2019.04.008.

[12] S. Criollo-C and S. Luján-Mora, ‘‘A SWOT analysis of bring your own
devices in mobile learning,’’ in Proc. Int. Conf. Mobile Learn., 2018.

[13] A. A. Arain, Z. Hussain, and W. H. Rizvi, ‘‘Learning and collaboration
technologies,’’ in Proc. HCI Int. Conf., vol. 9753, 2016, pp. 259–268, doi:
10.1007/978-3-319-39483-1.

[14] M. K. Bekele, C. Town, R. Pierdicca, E. Frontoni, and
E. V. A. S. Malinverni, ‘‘A survey of augmented, virtual, and mixed
reality,’’ J. Comput. Cultural Heritage, vol. 11, no. 2, p. 36, 2018.

[15] C. L. Foronda, C. M. Alfes, P. Dev, A. J. Kleinheksel, D. A. Nelson,
J. M. O’Donnell, and J. T. Samosky, ‘‘Virtually nursing: Emerging
technologies in nursing education,’’ Nurse Educator, vol. 42, no. 1,
pp. 14–17, 2017, doi: 10.1097/nne.0000000000000295.

[16] U. A. Chattha, U. I. Janjua, F. Anwar, T. M. Madni, M. F. Cheema,
and S. I. Janjua, ‘‘Motion sickness in virtual reality: An empirical
evaluation,’’ IEEE Access, vol. 8, pp. 130486–130499, 2020, doi:
10.1109/ACCESS.2020.3007076.

[17] J. C. Cuevas-Martínez, A. J. Yuste-Delgado, J. M. Perez-Lorenzo, and
A. Triviño-Cabrera, ‘‘Jump to the next level: A four-year gamification
experiment in information technology engineering,’’ IEEE Access, vol. 7,
pp. 118125–118134, 2019, doi: 10.1109/ACCESS.2019.2932803.

[18] S. Criollo-C and S. Luján-Mora, ‘‘Encouraging student motivation
through gamification in engineering education,’’ in Mobile Technologies
and Applications for the Internet of Things, vol. 909. Springer, 2019,
pp. 204–211, doi: 10.1007/978-3-030-11434-3_24.

[19] S. Criollo-C, A. Guerrero-Arias, D. Buenaño-Fernández, and S. Luján-
Mora, ‘‘Usability and workload evaluation of a cybersecurity edu-
cational game application: A case study,’’ IEEE Access, vol. 12,
pp. 12771–12784, 2024, doi: 10.1109/access.2024.3352589.

[20] S. Criollo-C, A. Guerrero-Arias, J. Guaña-Moya, A. Samala, and
S. Luján-Mora, ‘‘Towards sustainable education with the use of mobile
augmented reality in early childhood and primary education: A systematic
mapping,’’ Sustainability, vol. 16, no. 3, p. 1192, Jan. 01, 2024, doi:
10.3390/su16031192.

[21] Q. Liu, L. Diao, and G. Tu, ‘‘The application of artificial intel-
ligence in mobile learning,’’ in Proc. Int. Conf. Syst. Sci., Eng.
Design Manuf. Informatization, vol. 1, Nov. 2010, pp. 80–83, doi:
10.1109/ICSEM.2010.28.

[22] D.-M. Yoon and K.-J. Kim, ‘‘Challenges and opportunities in game
artificial intelligence education using angry birds,’’ IEEE Access, vol. 3,
pp. 793–804, 2015, doi: 10.1109/ACCESS.2015.2442680.

[23] D. G. Velev, ‘‘Challenges and opportunities of cloud-based mobile
learning,’’ Int. J. Inf. Educ. Technol., pp. 49–53, Feb. 2014, doi:
10.7763/ijiet.2014.v4.367.

[24] R. Godwin-Jones, ‘‘Emerging technologies of elastic clouds and treebanks:
New opportunities for content-based and data-driven language learning,’’
Lang. Learn. Technol., vol. 12, no. 1, pp. 12–18, 2008.

[25] S. Mahmood, S. Palaniappan, R. Hasan, K. U. Sarker, A. Abass, and
P. M. Rajegowda, ‘‘Raspberry PI and role of IoT in education,’’ in Proc.
4th MEC Int. Conf. Big Data Smart City (ICBDSC), Jan. 2019, pp. 1–6,
doi: 10.1109/ICBDSC.2019.8645598.

[26] M. I. Ciolacu, L. Binder, P. Svasta, I. Tache, and D. Stoichescu, ‘‘Education
4.0—Jump to innovation with IoT in higher education,’’ in Proc. IEEE
25th Int. Symp. Design Technol. Electron. Packag. (SIITME), Oct. 2019,
pp. 135–141, doi: 10.1109/SIITME47687.2019.8990825.

[27] S. Hai-Jew, Virtual Immersive and 3D Learning Spaces: Emerging
Technologies and Trends. Hershey, PA, USA: IGI Global, 2010, doi:
10.4018/978-1-61692-825-4.

[28] H. Hu, ‘‘Building virtual teams: Experiential learning using emerging
technologies,’’ E-Learn. Digit. Media, vol. 12, no. 1, pp. 17–33, Jan. 2015,
doi: 10.1177/2042753014558373.

[29] T. H. Laine and W. Lee, ‘‘Collaborative virtual reality in higher
education: Students’ perceptions on presence, challenges, affordances, and
potential,’’ IEEE Trans. Learn. Technol., vol. 17, pp. 280–293, 2024, doi:
10.1109/TLT.2023.3319628.

[30] X. Pan, M. Zheng, X. Xu, and A. G. Campbell, ‘‘Knowing your student:
Targeted teaching decision support through asymmetric mixed reality
collaborative learning,’’ IEEE Access, vol. 9, pp. 164742–164751, 2021,
doi: 10.1109/ACCESS.2021.3134589.

[31] G. Terwilliger, ‘‘The future of learning resources centers: A partnership
with emerging technologies,’’ Community College Rev., vol. 10, no. 2,
pp. 41–43, Oct. 1982, doi: 10.1177/009155218201000206.

[32] M. Hussain Al-Qahtani, ‘‘Teachers’ and students’ perceptions of virtual
classes and the effectiveness of virtual classes in enhancing communication
skills,’’ Arab World English J., no. 1, pp. 223–240, Dec. 2019, doi:
10.24093/awej/efl1.16.

[33] R. Bolstad and M. Lin, Students’ Experiences of Learning in Virtual
Classrooms, vol. 15. Wellington, New Zealand: NZCER, 2009.

[34] H. Gutiérrez-Espinoza, F. Araya-Quintanilla, J. J. Valenzuela-Fuenzalida,
P. Nova, and M. Aviles-Walles, ‘‘Correlación entre los estilos de apren-
dizaje según el modelo de felder-silverman y el rendimiento académico de
la asignatura de morfología y función en estudiantes universitarios,’’ Int. J.
Morphol., vol. 41, no. 5, pp. 1297–1303, Oct. 2023.

[35] B. Youcef, M. N. Ahmad, and M. Mustapha, ‘‘OntoPhaco: An ontology
for virtual reality training in ophthalmology domain—A case study of
cataract surgery,’’ IEEE Access, vol. 9, pp. 152347–152378, 2021, doi:
10.1109/ACCESS.2021.3126697.

[36] J. Herrington and J. Parker, ‘‘Emerging technologies as cognitive tools for
authentic learning,’’ Brit. J. Educ. Technol., vol. 44, no. 4, pp. 607–615,
Jul. 2013, doi: 10.1111/bjet.12048.

[37] R. Godwin-Jones, ‘‘Emerging Technologies: Autonomous language
learning,’’ Lang. Learn. Technol., vol. 15, no. 3, pp. 4–11, 2011. [Online].
Available: https://www.scopus.com/inward/record.uri?eid=2-s2.0-8005
3537430&partnerID=40&md5=91a657a6854762b8c55b6dbc99d92ba5

[38] Q. Zhang, K. Wang, and S. Zhou, ‘‘Application and practice of VR
virtual education platform in improving the quality and ability of
college students,’’ IEEE Access, vol. 8, pp. 162830–162837, 2020, doi:
10.1109/ACCESS.2020.3019262.

[39] Y. Gao, Q.-P. Zhao, X.-D. Zhou, Q.-M. Guo, and T. Xi, ‘‘The role of virtual
reality technology in medical education in the context of emerging medical
discipline,’’ J. Sichuan Univ. Med. Sci. Ed., vol. 52, no. 2, pp. 182–187,
2021, doi: 10.12182/20210260301.

86672 VOLUME 12, 2024

http://dx.doi.org/10.1007/s11135-020-01028-z
http://dx.doi.org/10.1142/s0219877021400022
http://dx.doi.org/10.1109/ACCESS.2021.3084801
http://dx.doi.org/10.1109/ACCESS.2020.2991014
http://dx.doi.org/10.2478/jesr-2019-0022
http://dx.doi.org/10.1109/ICRITO51393.2021.9596188
http://dx.doi.org/10.1109/ACCESS.2021.3076148
http://dx.doi.org/10.5901/mjss.2015.v6n3s7p179
http://dx.doi.org/10.1016/j.compedu.2019.04.008
http://dx.doi.org/10.1007/978-3-319-39483-1
http://dx.doi.org/10.1097/nne.0000000000000295
http://dx.doi.org/10.1109/ACCESS.2020.3007076
http://dx.doi.org/10.1109/ACCESS.2019.2932803
http://dx.doi.org/10.1007/978-3-030-11434-3_24
http://dx.doi.org/10.1109/access.2024.3352589
http://dx.doi.org/10.3390/su16031192
http://dx.doi.org/10.1109/ICSEM.2010.28
http://dx.doi.org/10.1109/ACCESS.2015.2442680
http://dx.doi.org/10.7763/ijiet.2014.v4.367
http://dx.doi.org/10.1109/ICBDSC.2019.8645598
http://dx.doi.org/10.1109/SIITME47687.2019.8990825
http://dx.doi.org/10.4018/978-1-61692-825-4
http://dx.doi.org/10.1177/2042753014558373
http://dx.doi.org/10.1109/TLT.2023.3319628
http://dx.doi.org/10.1109/ACCESS.2021.3134589
http://dx.doi.org/10.1177/009155218201000206
http://dx.doi.org/10.24093/awej/efl1.16
http://dx.doi.org/10.1109/ACCESS.2021.3126697
http://dx.doi.org/10.1111/bjet.12048
http://dx.doi.org/10.1109/ACCESS.2020.3019262
http://dx.doi.org/10.12182/20210260301


S. Criollo-C et al.: Use of Virtual Reality as an Educational Tool

[40] N. Pellas, A. Dengel, and A. Christopoulos, ‘‘A scoping review of immer-
sive virtual reality in STEM education,’’ IEEE Trans. Learn. Technol.,
vol. 13, no. 4, pp. 748–761, Oct. 2020, doi: 10.1109/TLT.2020.3019405.

[41] G. Lan, Q. Lai, B. Bai, Z. Zhao, and Q. Hao, ‘‘A virtual real-
ity training system for automotive engines assembly and disassem-
bly,’’ IEEE Trans. Learn. Technol., vol. 17, pp. 754–764, 2024, doi:
10.1109/TLT.2023.3330471.

[42] Z. Ma, F. Wang, and S. Liu, ‘‘Feasibility analysis of VR technology
in basketball training,’’ IEEE Access, early access, Aug. 27, 2020, doi:
10.1109/ACCESS.2020.3019810.

[43] G. Bansal, K. Rajgopal, V. Chamola, Z. Xiong, and D. Niyato,
‘‘Healthcare in metaverse: A survey on current metaverse applications
in healthcare,’’ IEEE Access, vol. 10, pp. 119914–119946, 2022, doi:
10.1109/ACCESS.2022.3219845.

[44] A. Bogliolo, S. Delpriori, G. M. Di Francesco, L. C. Klopfenstein, and
B. D. Paolini, ‘‘Massive remote school trips: A case study,’’ IEEE Access,
vol. 9, pp. 165239–165251, 2021, doi: 10.1109/ACCESS.2021.3135463.

[45] Y. Niu, R. Mu, J. Yang, N. Wang, L. Qiu, and X. Chen, ‘‘Cake
fertilizer and humic acid on soil nutrients and growth of flue-cured
tobacco under VR vision,’’ IEEE Access, early access, Sep. 7, 2020, doi:
10.1109/ACCESS.2020.3022055.

[46] I. G. Putranda, A. M. Yumna, Y. Rosmansyah, and Y. Sukmana,
‘‘Exploring audio processing in mixed reality to boost motivation in
piano learning,’’ IEEE Access, vol. 11, pp. 71194–71200, 2023, doi:
10.1109/ACCESS.2023.3293250.

[47] B. Peixoto, R. Pinto, M. Melo, L. Cabral, and M. Bessa, ‘‘Immer-
sive virtual reality for foreign language education: A PRISMA sys-
tematic review,’’ IEEE Access, vol. 9, pp. 48952–48962, 2021, doi:
10.1109/ACCESS.2021.3068858.

[48] Y. O. Cakmak, B. K. Daniel, N. Hammer, O. Yilmaz, E. C. Irmak,
and P. Khwaounjoo, ‘‘The human muscular arm avatar as an interactive
visualization tool in learning anatomy: Medical students’ perspectives,’’
IEEE Trans. Learn. Technol., vol. 13, no. 3, pp. 593–603, Jul. 2020, doi:
10.1109/TLT.2020.2995163.

[49] K.Kang, S. Kushnarev,W.Wei Pin, O. Ortiz, and J. Chen Shihang, ‘‘Impact
of virtual reality on the visualization of partial derivatives in amultivariable
calculus class,’’ IEEE Access, vol. 8, pp. 58940–58947, 2020, doi:
10.1109/ACCESS.2020.2982972.

[50] J. W. Lai and K. H. Cheong, ‘‘Adoption of virtual and augmented reality
for mathematics education: A scoping review,’’ IEEE Access, vol. 10,
pp. 13693–13703, 2022, doi: 10.1109/ACCESS.2022.3145991.

[51] C. Wee, K. M. Yap, and W. N. Lim, ‘‘IProgVR: Design of a
virtual reality environment to improve introductory programming
learning,’’ IEEE Access, vol. 10, pp. 100054–100078, 2022, doi:
10.1109/ACCESS.2022.3204392.

[52] S. Xia, Y. Gao, and B. Zhang, ‘‘Teaching strategies of biological
experiments in middle schools based on VR technology,’’ IEEE Access,
early access, Sep. 7, 2020, doi: 10.1109/ACCESS.2020.3022525.

[53] Y. Asham, M. H. Bakr, and A. Emadi, ‘‘Applications of augmented and
virtual reality in electrical engineering education: A review,’’ IEEE Access,
vol. 11, pp. 134717–134738, 2023, doi: 10.1109/ACCESS.2023.3337394.

[54] T. D. Parsons, T. Duffield, T. McMahan, and U. Diaz-Orueta, ‘‘Virtual
school environments for neuropsychological assessment and training,’’
in Mind, Brain and Technology. Springer, 2019, pp. 123–157, doi:
10.1007/978-3-030-02631-8_8.

[55] W. M. Khalilia, M. Gombár, Z. Palková, M. Palko, J. Valicek, and
M. Harnicárová, ‘‘Using virtual reality as support to the learning process
of forensic scenarios,’’ IEEE Access, vol. 10, pp. 83297–83310, 2022, doi:
10.1109/ACCESS.2022.3196471.

[56] C.-W. Chang, S.-C. Yeh, M. Li, and E. Yao, ‘‘The introduction of a
novel virtual reality training system for gynecology learning and its user
experience research,’’ IEEE Access, vol. 7, pp. 43637–43653, 2019, doi:
10.1109/ACCESS.2019.2905143.

[57] D. Schott, M. Kunz, T. Wunderling, F. Heinrich, R. Braun-Dullaeus, and
C. Hansen, ‘‘CardioGenesis4D: Interactive morphological transitions of
embryonic heart development in a virtual learning environment,’’ IEEE
Trans. Vis. Comput. Graphics, vol. 29, no. 5, pp. 2615–2625, May 2023,
doi: 10.1109/TVCG.2023.3247110.

[58] M. Puggioni, E. Frontoni, M. Paolanti, and R. Pierdicca, ‘‘ScoolAR:
An educational platform to improve students’ learning through vir-
tual reality,’’ IEEE Access, vol. 9, pp. 21059–21070, 2021, doi:
10.1109/ACCESS.2021.3051275.

[59] N. Elmqaddem, ‘‘Augmented reality and virtual reality in education. Myth
or reality?’’ Int. J. Emerg. Technol. Learn. (iJET), vol. 14, no. 3, p. 234,
Feb. 2019, doi: 10.3991/ijet.v14i03.9289.

[60] T. H. Laine and R. S. N. Lindberg, ‘‘Designing engaging games for
education: A systematic literature review on game motivators and design
principles,’’ IEEE Trans. Learn. Technol., vol. 13, no. 4, pp. 804–821,
Oct. 2020, doi: 10.1109/TLT.2020.3018503.

[61] S. S. Farooq, H. Rahman, S. A. N. Raza, M. Raees, and S. K. Jung,
‘‘Designing gamified application: An effective integration of
augmented reality to support learning,’’ IEEE Access, vol. 10,
pp. 121385–121394, 2022, doi: 10.1109/ACCESS.2022.3221473.

[62] K. Ciampa, ‘‘Learning in a mobile age: An investigation of student
motivation,’’ J. Comput. Assist. Learn., vol. 30, no. 1, pp. 82–96, Feb. 2014,
doi: 10.1111/jcal.12036.

[63] Q. Naith and F. Ciravegna, ‘‘Definitive guidelines toward effective mobile
devices crowdtesting methodology,’’ Int. J. Crowd Sci., vol. 4, no. 2,
pp. 209–228, Jun. 2020, doi: 10.1108/IJCS-01-2020-0002.

[64] D. Spikol, J. Nouri, T. C. Pargman, and M. Milrad, ‘‘Emerging design:
Transforming the STEAM learning landscape with the support of digital
technologies,’’ Interact. Design Archit., no. 34, pp. 5–6, Sep. 2017.

[65] A. Grasso and T. Roselli, ‘‘Guidelines for designing and developing
contents for mobile learning,’’ in Proc. IEEE Int. Workshop Wireless
Mobile Technol. Educ., 2005, pp. 123–127, doi: 10.1109/WMTE.2005.27.

[66] S. Criollo-C, M. Lema, M. S. Gonzalez, A. Jaramillo-Alcázar,
A. Guerrero-Arias, and S. Luján-Mora, ‘‘Exploring the technological
acceptance of a mobile learning tool used in the teaching of an
indigenous language,’’ PeerJ Comput. Sci., vol. 7, p. e550, Jun. 2021, doi:
10.7717/peerj-cs.550.

[67] J. R. Lewis, ‘‘IBM computer usability satisfaction questionnaires: Psycho-
metric evaluation and instructions for use,’’ Int. J. Human-Comput. Inter-
act., vol. 7, no. 1, pp. 57–78, Jan. 1995, doi: 10.1080/10447319509526110.

[68] A. Calvo-Morata, M. Freire-Morán, I. Martínez-Ortiz, and B. Fernández-
Manjón, ‘‘Applicability of a cyberbullying videogame as a teacher tool:
Comparing teachers and educational sciences students,’’ IEEE Access,
vol. 7, pp. 55841–55850, 2019, doi: 10.1109/ACCESS.2019.2913573.

[69] A. Joshi, S. Kale, S. Chandel, and D. Pal, ‘‘Likert scale: Explored
and explained,’’ Brit. J. Appl. Sci. Technol., vol. 7, no. 4, pp. 396–403,
Jan. 2015, doi: 10.9734/bjast/2015/14975.

[70] D. Zhao, C. H. Muntean, A. E. Chis, G. Rozinaj, and G.-M. Muntean,
‘‘Game-based learning: Enhancing student experience, knowledge
gain, and usability in higher education programming courses,’’
IEEE Trans. Educ., vol. 65, no. 4, pp. 502–513, Nov. 2022, doi:
10.1109/TE.2021.3136914.

[71] M. Silvennoinen and L. Kuparinen, ‘‘Usability challenges in surgical
simulator training,’’ in Proc. 31st Int. Conf. Inf. Technol. Interfaces (ITI),
Jun. 2009, pp. 455–460, doi: 10.1109/ITI.2009.5196126.

SANTIAGO CRIOLLO-C (Member, IEEE) was
born in Quito, Ecuador, in 1984. He received the
B.S. degree in electronics and information net-
works engineering from the National Polytechnic
School, Quito, in 2010, the M.S. degree in com-
munication networks from Pontificia Universidad
Católica del Ecuador, and the Ph.D. degree in
computer science from the University of Alicante,
Alicante, Spain, in 2021, with a focus on the use
of mobile devices as support in higher education.

Since 2013, he has been a Professor of information technology with
Universidad de Las Américas, Quito.

VOLUME 12, 2024 86673

http://dx.doi.org/10.1109/TLT.2020.3019405
http://dx.doi.org/10.1109/TLT.2023.3330471
http://dx.doi.org/10.1109/ACCESS.2020.3019810
http://dx.doi.org/10.1109/ACCESS.2022.3219845
http://dx.doi.org/10.1109/ACCESS.2021.3135463
http://dx.doi.org/10.1109/ACCESS.2020.3022055
http://dx.doi.org/10.1109/ACCESS.2023.3293250
http://dx.doi.org/10.1109/ACCESS.2021.3068858
http://dx.doi.org/10.1109/TLT.2020.2995163
http://dx.doi.org/10.1109/ACCESS.2020.2982972
http://dx.doi.org/10.1109/ACCESS.2022.3145991
http://dx.doi.org/10.1109/ACCESS.2022.3204392
http://dx.doi.org/10.1109/ACCESS.2020.3022525
http://dx.doi.org/10.1109/ACCESS.2023.3337394
http://dx.doi.org/10.1007/978-3-030-02631-8_8
http://dx.doi.org/10.1109/ACCESS.2022.3196471
http://dx.doi.org/10.1109/ACCESS.2019.2905143
http://dx.doi.org/10.1109/TVCG.2023.3247110
http://dx.doi.org/10.1109/ACCESS.2021.3051275
http://dx.doi.org/10.3991/ijet.v14i03.9289
http://dx.doi.org/10.1109/TLT.2020.3018503
http://dx.doi.org/10.1109/ACCESS.2022.3221473
http://dx.doi.org/10.1111/jcal.12036
http://dx.doi.org/10.1108/IJCS-01-2020-0002
http://dx.doi.org/10.1109/WMTE.2005.27
http://dx.doi.org/10.7717/peerj-cs.550
http://dx.doi.org/10.1080/10447319509526110
http://dx.doi.org/10.1109/ACCESS.2019.2913573
http://dx.doi.org/10.9734/bjast/2015/14975
http://dx.doi.org/10.1109/TE.2021.3136914
http://dx.doi.org/10.1109/ITI.2009.5196126


S. Criollo-C et al.: Use of Virtual Reality as an Educational Tool

JOSÉ ENRIQUE CEREZO UZCÁTEGUI was born
in Mérida, Venezuela, in 2004. He is currently
pursuing the degree in software engineering with
Universidad de Las Américas, Quito, Ecuador.
He is a Young Researcher. From a young age,
he showed a special interest in programming,
finding it easy to learn and use. His passion for
technology and his innate ability for programming
have led him to excel in his academic career and
research projects related to software development.

His meticulous approach and ability to tackle complex problems have made
him a valuable collaborator in the field of technology research.

ANDREA GUERRERO-ARIAS was born in
Quito, Ecuador, in 1985. She received the B.S.
degree in visual communication from Universidad
Autónoma de Quito, in 2012, the B.S. degree
in linguistics applied to the English language
from the Army Polytechnic School, in 2019, and
the B.S. degree in teaching English as a foreign
language from the University of La Rioja, Spain,
in 2022, with a focus on the use of mobile
devices in educational enhancement. She has been

a Professor with EFL, Jezreel Christian Academy School, Quito.

T. ANITA YÁNEZ (Member, IEEE) was born
in Ambato, Ecuador, in 1971. She received the
degree in computer systems engineering and
informatics from the National Polytechnic School,
Quito, in 2000, and the first master’s degree
in business management with a specialization
in project management and the second master’s
degree in software engineering and computer
systems from the International University of La
Rioja, in 2013 and 2020, respectively. Since 2012,

she has been a Professor in software engineering with Universidad de las
Américas.

AGARIADNE DWINGGO SAMALA received
the degree from the Department of Computer
Engineering, Faculty of Information Technol-
ogy, Universitas Andalas, Indonesia, the master’s
degree in technology and vocational education
from the Faculty of Engineering, Universitas
Negeri Padang (UNP), Indonesia, in 2015, and the
Ph.D. degree from UNP, in 2023. He is currently a
Professional Educator, a Futurologist, a Dedicated
Researcher, and an Assistant Professor with the

Faculty of Engineering, UNP, specializing in informatics and computer
engineering education. He is also an external Collaborator with the Digital
Society Laboratory, Institute for Philosophy and Social Theory (IFDT),
University of Belgrade, Serbia. With a deep passion for education, he has
conducted impactful research on technology-enhanced learning (TEL),
emerging technologies in education, flexible learning, 21st-century learning,
and technology, vocational education and training (TVET). His research
interests include the convergence of technology and education. He is a
member of the International Society for Engineering Pedagogy (IGIP),
Austria.

SOHA RAWAS received the Ph.D. degree inmath-
ematics and computer science from Beirut Arab
University (BAU), in 2019. She possesses a broad
spectrum of expertise spanning several domains,
notably artificial intelligence, deep learning, the
Internet of Medical Things (IOMT), cloud com-
puting, and image processing. With unwavering
dedication to her research pursuits, she is currently
an Assistant Professor with the Faculty of Science,
Department of Computer Science, Beirut Arab

University (BAU). In addition, she holds a supervisory role with the Center
for Continuing and Professional Education (CCPE), BAU.

SERGIO LUJÁN-MORA was born in Alicante,
Spain, in 1974. He received the degree in computer
science and engineering from the University of
Alicante, Alicante, in 1998, and the Ph.D. degree
in computer engineering from the Department of
Software and Computing Systems, University of
Alicante, in 2005. He is currently a Senior Lecturer
with the Department of Software and Computing
Systems, University of Alicante. In recent years,
he has focused on e-learning, massive open online

courses (MOOCs), open educational resources (OERs), and the accessibility
of video games. He is the author of several books and published many
papers in various conferences (ER, UML, and DOLAP) and high-impact
journals (Data and Knowledge Engineering, Journal of Colloid and
Interface Science, Journal of Dynamic Behavior of Materials, Journal of
Interdisciplinary Cycle Research, Journal of Information Science, Journal
of Web Engineering, International Research Journal of Engineering and
Technology, and Universal Access in the Information Society). His research
interests include web applications, web development, and web accessibility
and usability.

86674 VOLUME 12, 2024


