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Abstract

Solid state physics, being an abstract subject, poses challenges for students in terms
of conceptual understanding. The integration of advanced technology is essential to
bridge this gap and enhance learning outcomes. This research focuses on designing
a VR MOOC (Virtual Reality-Massive Open Online Course) learning technology
specifically tailored for solid state physics. The study employs the Design-Based
Research (DBR) methodology, which involves a systematic approach in four
distinct phases: analyzing literacy gaps, developing a framework and design, testing
and refining solutions, and reflection and identification. In the first phase, gaps in
existing literature and educational practices are identified to inform the design. The
second phase involves creating a robust framework and design for the VR MOOC
platform. This is followed by the third phase, where the designed solutions are
rigorously tested and refined based on feedback and observed effectiveness. The
final phase includes reflection on the entire process and identification of key
insights and improvements. The research findings demonstrate that the VR MOOC
platform, characterized by its three main roles - platform manager, course creator,
and regular user - can significantly enhance the learning experience. It provides an
effective, interactive, and structured learning environment, which not only
facilitates a deeper understanding of solid-state physics concepts but also boosts
student engagement and interest through the immersive features of VR technology.
This innovative approach highlights the potential of VR MOOC in transforming
traditional learning paradigms and advancing educational practices in complex
scientific domains.
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1.Introduction

Research in physics education has extensively explored various methods to improve
conceptual understanding, highlighting its importance as the main focus in physics
learning [1, 2]. Students are expected to develop critical thinking skills to understand
and solve the complex problems and challenges inherent in physics subjects [3]. The
ability of students to comprehend physics lessons is contingent upon their grasp of
the concepts taught by educators. Moreover, meaningful learning processes are
crucial for students to truly internalize physics concepts [4, 5].

The integration of Virtual Reality (VR) technology in education, particularly through
Massive Open Online Courses (MOOCs), has gained significant attention in recent
research. VR content delivery has been shown to markedly improve student performance
and engagement by providing a sense of presence and enhancing interaction in online
learning environments [6, 7]. VR's role in creating authentic learning activities and
fostering increased student interaction within MOOCs is particularly noteworthy [8].
However, the implementation of VR in MOOC:s is not without challenges, including the
need for specialized equipment and managing usability issues.

The application of VR in education is widespread and has shown promising
results in various scientific fields, including biology, chemistry, and astronomy
physics [9-15]. In the context of solid-state physics, understanding these concepts is
a critical aspect of science education. Nevertheless, traditional teaching methods
often face challenges due to the high level of abstraction and lack of interactivity,
which can impede deep conceptual understanding. The use of VR in MOOC:s offers
an innovative solution by presenting material in a more visual, interactive, and
comprehensive manner. This research aims to design VR MOOC learning technology
to enhance the conceptual understanding of solid-state physics, addressing the core
question of how to effectively develop and implement such a platform.

2.Design Procedure

This research employs the Design-Based Research (DBR) methodology [16],
structured programmatically with a systematic sequence of activities aimed at
developing and characterizing VR MOOCs. DBR is an innovative methodology in
educational research that bridges the gap between theory and practice by iteratively
developing and testing educational interventions in real-world settings. It is
specifically designed by and for educators who seek to leverage the impact of
educational research into practice [17].

The design-based research approach is ideal for this study, considering the
practitioners' experience and expertise, and combining this with a comprehensive
literature review. This will result in a detailed and relevant analysis of both literature
and practitioners' perspectives, culminating in the development of formalized
research questions. The methodological framework is depicted in Fig. 1.
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Fig. 1. Design-based research approach.
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2.1. Phase 1: Analyzing literacy gaps

In the initial phase, the research identifies common themes of VR MOOC:s in the
context of solid state physics as documented in existing literature. This review
includes examining various applications of VR MOOCs and the current state of
solid state physics education. Identifying these themes will help establish the
principles underlying potential solutions.

2.2. Phase 2: Framework development and design

The second phase involves developing the framework and perspectives that will
guide the analysis and discussion of the research. This phase is grounded in existing
design principles and technological innovations, allowing researchers to create a
VR MOOC design tailored to solid state physics education.

2.3. Phase 3: Solution testing and refinement

In the third phase, the research will conduct interviews with lecturers teaching solid
state physics and those specializing in physics learning media. Additionally,
technology experts will be consulted regarding the use of VR and MOOC
platforms. This phase aims to gather insights on literacy definitions, the specifics
of learning solid state physics, and how student needs can be met through the
MOOC platform.

2.4. Phase 4: Reflection and identification

The final phase involves reflecting on the analysis and discussions from phase 3,
establishing links between these results, the literature review, and practitioner data
collected in phase 1. This reflection will help identify guiding principles for
designing an effective VR MOOC platform for solid state physics. Following this,
repeated testing and refinement of the solution will be conducted to ensure the
robustness and impact of the results on future research.

3.Results and Discussion

Virtual-based learning environments can now accommodate large amounts of
learning resources, with large user communities available through social networks
[18]. One such platform is the VR MOOC. The design of the VR MOOC software
is conducted through UML modeling, which is intended to provide explicit
references for the system's implementation in the field [19]. This modeling
approach ensures that the software design is clear and functional.

There are several roles involved in this platform, detailed in Fig. 2. The first
role is the platform manager. Many believe that using technology to personalize
learning, giving students more control over their process, is crucial [20]. Analogous
to a marketplace, the platform manager acts as the service provider, facilitating
interactions between course creators and users. The platform manager's
responsibilities include confirming the registration of all platform users, publishing
eligible courses, and enrolling users as course participants. The second role is the
course creator. Course creators develop learning content accessible to participants,
requiring a range of skills and knowledge to effectively utilize Virtual Reality
features [21]. Finally, the regular user is a member of the MOOC platform who
selects courses they wish to take, applying to be included as a course participant.

Journal of Engineering Science and Technology Special Issue 4/2024



60 S.D. Ajietal.

Ensuring content accessibility and collaboration among stakeholders is essential for
a fully accessible online learning environment [22].
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Fig. 2. Diagram use case VR MOOC.

The use case diagram in Fig. 2 outlines the authority and responsibilities of each
system actor but does not detail the processes and procedures for each role. To
address this, we use Business Process Modelling and Notation (BPMN) diagrams
to clarify the processes within the VR MOOC system. BPMN enhances process
understanding and facilitates conversion to a RESTful API architecture, enabling
broader development opportunities [23].

The course creation process starts with platform membership registration (Fig.
3). Once accepted, a course creator submits learning content for curation by the
platform manager. This curation ensures that courses meet the MOOC platform's
standards and terms. Approved content leads to the creation of a course space,
where course creators can input content and embed VR features to make learning
more interactive.
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Fig. 3. Diagram of business process model and notation of course creation.
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Courses on the MOOC platform are accessible only to registered members (Fig.
4). Once registered, members can view available courses and apply to participate
in their desired courses. Enrolment ensures that participant numbers align with the
system's capacity, maintaining course effectiveness. The VR MOOC platform's
design supports learning solid state physics by creating an effective, interactive,
and structured environment, enhancing students' conceptual understanding.
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Fig. 4. Business process model and notation diagram for student registration.

Access the Access regular

content

Regular user

Access VR
content

|
|
|
|
|
|
v

Application
accepted

notify student

Platform Manager

4.Conclusion

As the world becomes increasingly dependent on technology, the integration of
virtual reality (VR) into education has become an area of increasing interest. This
research paper defines a conceptual design for a MOOC-based VR platform
designed for solid state physics learning. In managing a VR-based MOOC
platform, there are three main roles that play an important role in the learning
ecosystem, namely: platform manager, course creator, and regular users.

The platform manager is tasked with ensuring good interaction between course
creators and users, confirming registrations, publishing eligible courses, and
managing participants. Course creators create learning content, including VR
features to increase interactivity. After registration and curation by the platform
manager, the content that makes the cut is assigned a dedicated course space.
Regular users, who are already registered on the platform, have to submit a request
to take a particular course. This process ensures that participant capacity in each
course is maintained according to the established system.

The available courses can only be accessed by registered users, and they must
go through an enrolment process to ensure a balanced distribution of participants,
which contributes to an optimal learning experience. With good coordination
between platform managers, course creators, and users, MOOC-based VR
platforms create effective, interactive, and structured learning environments,
increasing student engagement and interest in learning through the use of VR
MOOC features.
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