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Abstract. Traditional learning methods frequently fail to provoke students' interest,
stimulate their enjoyment and encourage them to participate in learning activities,
resulting in discomfort, distractions, and disengagement, if not quitting. Education's
goal is to improve the quality and effectiveness of teaching and learning methods.
This paper aims to present a framework based on Virtual Reality (VR) technology
and contemporary Head Mounted Displays, that incorporates game-based
techniques and adaptive design according to the student’s profile. As a result, this
paper analyzes the relevant literature, the VR apparatus, the importance of VR, as
well as gamification, personalization and adaptive design in education, which are
the learning foundations on which the framework is based. Finally, the framework's
modules and structure are presented, taking into account all of the previously
mentioned parameters. This novel framework aspires to serve as a basis for
educational applications that use immersive Virtual Reality technologies to
transform learning procedures into entertaining, engaging, enjoyable, and effective
experiences.
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1. Introduction

Education is becoming a more demanding and complex field over the years with
educators trying to deliver more efficient ways of transferring knowledge to the class.
Traditional teaching methods have many disadvantages towards students. Educators
have tested, researched and employed a wide variety of methods and platforms to
facilitate educational approaches such as social networks [1,2], desktop computers [3],
smartphones and tablets [4], Augmented Reality (AR) [5], mobile applications and
online platforms [6].

The technological advancements of the last decade led researchers and educators to
explore alternative methods of teaching students by taking advantage of new upcoming
technologies. Virtual Reality (VR), Mixed Reality (MR) [7] and Augmented Reality
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(AR) [8] are very promising approaches for an effective way of teaching and learning
trying to solve various problems. Disengagement, lack of interest and enjoyment,
reduced participation, discomforts and distractions are only a few of the problems that
lead to students’ poor learning outcomes and false perceptions about the subject of
learning. VR made a giant leap from passive learning methods to more interactive
experiences that students find useful, exciting, approachable, enjoyable, interesting and
engaging [9].

After decades of failed attempts to be established in tech community, the hardware
limitations related to severe oculomotor malfunctions, such as nausea and vertigo, have
finally be solved. Smartphones can be incorporated with cardboard headsets delivering
an affordable alternative access to VR applications. But the most noteworthy hardware
is the Head Mounted Displays that offer fully immersive experiences accompanied by
hardware controllers, hand tracking and gesture recognition. They also offer high visual
fidelity, option to use it as a stand-alone wireless device or to connect it with a computer
for more complex graphics. Contemporary HMDs offer a new path to education where
the student is offered active participation in the learning process and a hands-on
experience.

VR provides a new fresh, exciting and effective method of learning [10] for students,
but sometimes that is not enough for students to capture their interest across the learning
process. As an innovative approach to adaptive learning, this paper presents a framework
that incorporates gamification design and personalization techniques into VR
environments. Although gamified VR applications have been successfully employed,
there is a lack of incorporating adaptive learning design in gamified Virtual Reality
Learning Environments (VRLEs). It is essential to take into consideration students’
unique characteristics and abilities to diversify the learning process creating a dynamic
system serving students’ academic requirements [2].

2. Relevant work

The improvements in VR hardware throughout the last decade have led many researchers
to reformulate Virtual Environments for educational purposes and to further explore the
potential of VR in the field of education. In certain cases, VR has been used passive
learning [11]; while in other cases, the student is offered the opportunity of integrating
with the virtual world as part of the learning [12,13].

Cochrane et al. [14] proposed a design-based research (DBR) framework for
implementing VRLEs to mobile devices. Furthermore, they presented two ongoing
projects for higher education use as examples.

The findings of a thorough review in relevant studies led us to the conclusion that
the most notable approaches to VR regarding education incorporate game-based logic
and personalization techniques. Even if a VRLE is generally effective in terms of
achieving the desired educational outcomes, this does not indicate that students perceive
it to be an appealing learning method [15]. As a result, the willingness to use it and
acknowledge it as a learning method could be negatively impacted, potentially leading
to disengagement during the learning process.

Mapping gamification techniques to educational applications is a way to pique
students' interest, engage and motivate them in the learning process. Hung et al. [16]
developed a Digital Game-Based Learning (DGbL) environment for elementary school
mathematics based on e-books. Although the application was not supported by a VR
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approach, it demonstrates the effectiveness of implementing gamification strategies in
Learning Environments with immersive technologies.

Rychkova et al. [13] presented “Orbital Battleship”, a game-based VR application
that combined educational content in the field of chemistry with multiplayer gameplay.
The application produced beneficial results for students, exceeding the authors'
expectations. Despite the gamification techniques and a fully immersive Head Mounted
Display used, as well as the positive learning outcomes emerged, the application was not
designed to provide students with an adaptive experience that could be dynamically
adjusted to their academic needs.

Wilson et al. [17] evaluated a VR ophthalmoscopy training application using
gamification techniques, such as in-app, virtual awards to capture students' attention and
keep them engaged throughout the procedure. Students felt a sense of accomplishment,
which is one of the intrinsic factors that can lead to student retention and engagement.
Despite the fact that the application provided methods for personalizing the learning
process, the system lacked adaptivity in accordance with the academic requirements of
the students.

Zhang et al. [18] created a VR simulation for fire safety education. Through their
exploration of the virtual environment, students were given the ability to interact with
virtual elements in order to construct their knowledge. The authors applied gamification
techniques to captivate students' interest, such as reward strategies, that made the
procedure appear both challenging and appealing. Through interactions, students
received personalized feedback on learning errors, allowing them to learn more
effectively. However, due to the subject's nature, it did lack adaptive techniques that
could target students' learning needs and personal preferences.

3. Virtual Reality as a medium

Virtual Reality is built around a computer-generated space that enables the user to
participate in a three-dimensional simulation while feeling immersed and experiencing
realism. The element of interaction between the user and the virtual environment is a
fundamental aspect of VR. Over the years, researchers and developers have used the term
"Virtual Reality" to refer to a wide range of hardware devices such as CAVE VR [19],
Desktop VR [3], Mobile VR [20], Head Mounted Device VR [13] glasses using
stereoscopic imaging technology [21] and more. During the last decade, VR finally laid
the groundwork for mass acceptance. After years of research and development,
companies, such as HTC and Oculus, made Head Mounted Display devices accessible
to the public through retail versions, which are now intertwined with the definition of
VR. HMDs are now a well-established type of hardware that is widely available on the
market.

Head-Mounted Displays efficiently transport the user from the physical to the virtual
world by combining visual simulations, sounds and real-time interactions with virtual
objects. Users currently employ two types of VR headsets depending on their
requirements and preferences: hardware systems, such as the Oculus Quest and HTC
Vive, and Cardboards, which use smartphone devices.

Each specific device is chosen based on what users evaluate that it is appropriate in
each unique circumstance, with each having its own set of key advantages and
disadvantages, as shown in Table 1.
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Table 1. An apparatus comparative chart

Hardware HMD’s Cardboards
Advantages  Higher visual fidelity Easy access with any smartphone device

Six Degrees of Freedom (6-DoF) Cost effective for group use applications
provide movement flexibility

Better interaction experience with
virtual environment with to two
advanced controllers

Limitations  Requires acquisition of new device Three Degrees of Freedom (3-DoF)
provide limited movement flexibility
High costs for group use applications
Lower visual fidelity

4. Virtual Reality in education
4.1. Virtual Reality as a Virtual Learning Environment

Throughout the last decade, Virtual Reality has gradually attracted more educators and
researchers to work on projects demonstrating that it is a promising teaching and learning
tool. Despite the fact that it is still under-researched technological approach in terms of
its potential, it has already been implemented in various fields of education such as
architecture [22], biology [20] chemistry [23], engineering [10], health sciences [17],
physics [24], religion [25] and video game development [26].

When compared to traditional Virtual Learning Environments, Virtual Reality
Learning Environments (VRLE) are becoming a more effective and appealing alternative.
VRLEs have been used mostly in desktop computers for decades as part of the learning
process, being limited in terms of interaction and field of view. They make use of a
keyboard, mouse, and monitor, but VRLEs make use of advanced controllers or even
hand gestures. VRLEs also provide a broader field of view with no framed boundaries,
resulting in a more intuitive sense of freedom, interaction and perspective within the
artificial environment, promoting a “Learning-by-doing” experience [27].

4.2. Benefits

In accordance with the “Flow Theory”, VR immerses users in the experience, while their
attention is completely absorbed within the virtual simulation [28]. With contemporary
VR headsets, users can achieve high levels of immersion and embodiment. Using
controllers, they interact in real-time with the environment, transforming the overall
experience into an effective aid to students' learning and developing a sense of being
there. VR allows users view realistic portraits of real-world environments, situations and
objects, enhancing their spatial presence [11].

VR applications in education, taking into account all of the aforementioned
properties, can have a positive impact on a variety of aspects of students' perceptions,
like perceived learning motivation, which encourages them to participate in related
activities [9]. Furthermore, the intention to use it increases enjoyability because students
find it appealing [29].
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Moreover, students lose interest in traditional in-class learning events, resulting in a
circumstance in which their educational results are harmed. Students' interest can be
captivated when VR opens up a previously uncharted territory, encouraging them to not
only participate more than they normally would, but also to be more involved in the
learning process, which can lead to improved learning outcomes [11].

VR has a high didactic and practical value, and when used in conjunction with
traditional methods, it has the potential to improve students' understanding [29], assist
them to master knowledge [30] and produce better learning outcomes [31]. It may also
enable students to carry out curriculum-related experiments and procedures that would
otherwise be prohibitively expensive, dangerous, or impossible [32].

4.3. Limitations

Despite the benefits and potential of using VR as a teaching or learning method, some
significant limitations must be considered. For example, despite the limited amount of
time the user operated the system, some oculomotor-related symptoms such as nausea
have been reported in some cases [12]. Dizziness, vertigo, eye strain, and headaches are
also symptoms of users' sensory conflict. Therefore, it is critical to check users'
backgrounds before involving them in any VR-related process, due to cybersickness
symptoms [33].

5. Gamification
5.1. A gamified classroom

When compared to commercial video games, in-class learning activities reveal similar
behavioral patterns among students and gamers [34]. For example, both allow students
to prioritize their tasks, as in turn-based role-playing games, design and develop
strategies in the same way as in real-time strategy games. Moreover, they can develop
new skills and improve old ones through practice, such as in sports games; learn to be
adaptable and creative in new situations by playing adventure games; develop critical
thinking skills, as in puzzle games; learn to be persistent, patient and goal-oriented, just
like in action role-playing games and in multiplayer and online games, where players can
change their gaming style to adjust to group activities.

Gamification manages to combine commercial games and education by employing
game design, game mechanics, and techniques in non-gaming contexts of the curriculum
to improve students' learning experiences by making them quite enjoyable and engaging.
This can help to solve the problem of students' lack of interest in getting involved in
school activities by increasing their motivation and interest in the relevant curricula.

5.2. Gamification and Virtual Reality in education

The logic, techniques, and mechanics of video games can be successfully implemented
in the frameworks of Virtual Reality Learning Environments to create simulations based
on educational content.

Students can interact with the artificial environment and interfere in assigned tasks
designed according to their educational needs using VR controllers, which are
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individually created for each head-mounted display system, just as they would do in
video game quests of commercial games using ordinary video gaming controllers.

When combined with gamified features, VR educational content that focuses on
student motivation and engagement can lead to better learning outcomes [18], improve
memory retention [33] and enhance content knowledge [35]. Gamification techniques of
various types can be incorporated into Virtual Reality Learning Environments for
educational purposes. Live frequent updates on information about students' scores,
ongoing state, progress status, and milestones achieved in each stage are among the
features that can assist students throughout the VR learning process. Furthermore,
rewarding students with badges for game-like achievements, and leaderboards as a
projection of ranking based on their scores [15] are both effective methods of improving
student retention and enhancing their excitement. Students can also collaborate or
compete in a multiplayer mode [13]. A help support repository in the menu, different
levels of difficulty, objectives, puzzles, and item inventories are also gamification
techniques.

6. Personalized Virtual Learning Environments

An important way to support a virtual learning environment efficiently is to use
personalization techniques with the goal of delivering a tailored experience based on
student profiling. This can be accomplished by taking into account students' preferences,
interests, needs, capabilities, skills, prior knowledge of the subject, learning styles, and
even special needs, thereby addressing the challenges of the heterogeneous features of
twenty-first-century education. A personalized Virtual Learning Environment can
benefit students by assisting them in improving their content knowledge, learning
outcomes, and academic achievements. It also eliminates any perceptual discomforts that
may arise during the learning process, such as cognitive load, frustration, or a lack of
interest. These discomforts may act as impediments to learning, resulting in ineffective
or distorted learning outcomes, or even quitting.

To clear up any confusion, a personalized learning environment is an adaptive
automated system based on individualization, as opposed to a customizable environment,
which requires manual adjustments before it can be applied to any educational
intervention.

Various techniques and theories can be used to compose a model design with
flexible modules, dynamic data filtering, data logging for registering behavioral
parameters and preferences, and thus creating an application based on the cognitive
diversity and mentality of each student [36].

Troussas et al. [6] presented a model of learning analytics regarding learning
environments which included multiple modules such as cognitive state and behavior
prediction module, identification of targeted educational material module, curriculum
improvement module and personalization module. The findings of this study, which
included students' evaluations of a web-based prototype application based on the
aforementioned modules, were very promising, as students perceived the system as an
efficient way to participate in a personalized experience.

Regarding learning analytics in VR, Srimadhaven et al. [37] proposed an
architecture of a VR mobile game for undergraduate students related to the subject of
programming languages. In this project, students had to complete three stages of the
game by performing coding tasks. Each level provided a different level of difficulty,
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allowing students to earn points based on question correctness. The authors designed the
system's architecture to assess students' cognitive behavior, self-regulation, affective
behavior, and self-efficacy in order to improve students' academic performance, with
learning analytics assisting the entire process by providing a personalized experience
based on student results individualization.

7. A proposed framework

After the thorough literature review presented above, we came up with the conclusion
that the integration of VR Learning Environments with personalized gamified
mechanisms that take into account students' cognitive states and behavioral patterns
while also balancing gameplay and learning objectives has never been approached with
fully immersive VR Head Mounted Displays as medium hardware. It is critical to
identify students' learning gaps in order to provide a tailored solution that not only meets
his/her needs and competencies [38], but also to pique his/her interest and increase
excitement, resulting in an engaged and overall enjoyable experience.

The following proposed framework (as shown in Fig. 1) aspires to be a reference
point for future research and educational designs, enabling the inclusion of all of the
above-mentioned approaches. The framework is comprised of the pedagogical design,
which includes the formulation of educational objectives, learning theories, and
strategies as part of the student-centered approach. The Technological Design includes
all of the technological mechanisms, software, and hardware required to connect the
theoretical design to the artificial environment. The Data Collection Layer is responsible
for the generation, storage, and retrieval of data produced by the user's interactions with
the system.

Data Collection Layer Technological Design Pedagogical Design
r A ~

Framework

B system % Demkase VI Bvlopeat Blender, Unity PEINA Mt Gamification Curriculum

Kit (HMD and Immersive sounds, 2
s controllers) RS B Background Music e ERgS

| : J
Content t L4 s Y 1

Personalization

techniques Student Profile

Figure 1. A framework for adaptive Virtual Reality applications using gamification and personalization
techniques

7.1. Pedagogical Design

The Domain Knowledge Model contains the educational material needed to construct
the specific knowledge that defines the curriculum's educational goals.

The Student Model constructs the student's profile, which is in charge of assisting
the learning process. It is provided by a system that is designed to take into account
student-related factors such as cognitive states, behavioral patterns, preferences, and
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prior knowledge related to the subject and provide relevant feedback and
recommendations as the procedure progresses. This could be accomplished through data
collection via questionnaires and surveys, or through an in-app procedure similar to those
used in commercial games in the form of mini-games when the application first launches
as the first task to complete.

The Gamification Model consists of the mechanisms that the system employs to
motivate students to use the application and remain engaged throughout the learning
process. It aims to increase student retention by providing an enjoyable experience
through mechanisms similar to those found in commercial video games.

The Personalization Model works in tandem with the Gamification Model and
Student Model to create a tailored learning experience that incorporates data input from
student assessments during the Student Model phase, as well as gamification techniques
that transform the learning environment into a more exciting and fun learning process
that is tailored to students' competencies, skills, and preferences.

7.2. Technological Design

The Artificial Environment is where the student participates in the active learning. It is
a three-dimensional virtual environment in which students can interact with virtual
objects that have been created and configured to allow them to experience life-like
situations. The environment consisted of 3D visual representations, interactions, User
Interface, and User experience using the game development platform Unity3D or Unreal
Engine that incorporate the Virtual Reality SDK provided by the Head Mounted Display
Hardware Development Kit such as Oculus SDK or VIVE Wave SDK. Blender is a
software that allows users to create 3D models and animations and offers the option to
import them in the game development platform. Furthermore, in order to achieve high
levels of immersion and provide students with a flow experience, the systems must
produce immersive sound effects and background music.

A Head Mounted Display (HMD) hardware is required for this framework to allow
the user to experience three-dimensional visualizations and to serve as a mediator for
interactions between the user and the virtual environment and its virtual objects. Since
contemporary HMDs use advanced controllers and hand gesture recognition systems, the
HTC Vive and Oculus HMDs series are sufficient to meet the requirements of this
framework. They also provide high-fidelity visualizations because advanced displays are
used.

7.3. Data Collection Layer

Data extraction will occur after the required data has been collected as a result of the
user's interactions with any virtual elements within the virtual environment. A database
will gather all of the required grouped data for further analysis.

8. Conclusion

This paper describes a novel framework for designing adaptive, fully immersive Virtual
Reality Learning Environments with gamified techniques and aims to become the
blueprint for future researches and applications. Taking into account students' cognitive
diversity and characteristics, the design of this framework aims to optimize the learning
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experience by transforming it into an effective, appealing, and enjoyable educational
approach, as well as creating a tailored educational interactive environment that can be
automatically adjusted to the students' profile.
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