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Abstract--The concept of the metaverse has gained significant
attention in recent years as a virtual space where users can
interact with each other and digital objects in a shared
environment. Metaverse platforms offer a unique opportunity for
software engineering education, providing students with a
dynamic and immersive learning experience. The potential
benefits of using metaverse in software engineering education and
training are unlimited starting from collaborative learning,
Hands-on experience to gamification. In order to prepare
software engineering students for this new paradigm, a
conceptual framework for indulging the metaverse in software
engineering education and training is proposed in this paper. The
framework will prepare students to get ready for emerging
technologies, develop critical thinking and problem-solving skills,
foster collaboration and work in a team. It will create a roadmap
that helps organize and clarify concepts, relationships between
different variables, which can be particularly helpful for students
who are learning a new concept of metaverse. This proposed
framework not only enhances the user experience design skills of
students but also increase the awareness of security and privacy
related concern while indulging metaverse into software
engineering. The paper explains the development of the
framework as well as the elements and key communication
strategies it embodies. The framework contributes to practice by
explaining and justifying the accessible, time-efficient, student-
focused approaches that can be integrated simply into software
engineering courses for metaverse learning pedagogy to support
both students and tutors engagement. By leveraging the power of
virtual environments, students can collaborate, experiment, and
learn in ways that were previously impossible. As the technology
continues to evolve, it will be exciting to see how the metaverse is
integrated into software engineering education.
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I. INTRODUCTION

The goal of software engineering education is to combine
theory and practice so that students can gain a thorough grasp
of fundamental ideas and principles as well as the knowledge
and abilities necessary to solve problems in the real world.
Thus, it is not only the responsibility of academia to teach
pertinent material; it is also the duty of society to develop
skilled workers who can meet the needs of industry. In
addition, as the software industry is rapidly evolving and
expanding across borders [1], there are numerous challenges
confronting the competency of software engineers who possess
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the skills to create products that meet international industrial
standards and can be successfully introduced into foreign
markets. Software engineering education is the process of
teaching individuals the principles, concepts, and practices
involved in developing software systems. It encompasses a
wide range of topics, including software design, coding,
testing, project management, and software maintenance. The
goal of software engineering education is to produce graduates
who are capable of designing and building software systems
that meet the needs of their users and are reliable, efficient, and
maintainable [2]. With the increasing importance of
technology in our daily lives, software engineering education
has become an essential field of study for those interested in
pursuing a career in the technology industry. The current buzz
surrounding the evolution of the internet centers on the concept
of the Metaverse, which was originally coined by Neil
Stephenson in his 1992 science fiction novel, Snow Crash. The
novel portrays individuals entering and inhabiting the
Metaverse, a parallel virtual world, through digital avatars
using Virtual Reality (VR) gear in the physical world. The
Metaverse is not merely a game or virtual social platform; it
encompasses a broad spectrum of technologies and ideas.
According to various studies [3], [4], the Metaverse involves
an array of cutting-edge technologies and concepts, including
eXtended Reality (XR), Artificial Intelligence (Al),
Blockchain, Non-Fungible Tokens (NFTs), Edge Computing,
Digital Twins, Human-Computer Interaction, Immersion,
Sense of Presence, Affordances, among others. Several studies
have explored the use of immersive experiences to enhance the
learning outcomes of Software Engineering (SE). These
experiences typically involve simulating real development
environments, enabling users to interact and communicate with
others via geographically dispersed avatars. The aim is to
support the teaching of software processes by enabling
students to take on key roles in software projects using specific
development process models, such as Scrum and prototyping.
They can also navigate various virtual environments, such as
meeting rooms and programmers' rooms, communicate with
other avatars, and interact with and view Unified Modeling
Language (UML) diagrams as they would in software tools.
For the purpose of better clarity about how metaverse could be
a game changer in software engineering education, a
conceptual framework is needed to be refer by teachers,
scholars, industries etc. A conceptual framework is a
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theoretical structure that provides a framework for organizing
and understanding the relationships among various concepts
and variables. It is a necessary tool in research and helps to
provide direction and focus to a study [5]. It helps researchers
to organize their thoughts and ideas about a particular topic or
research question. It provides a roadmap for the study, helping
researchers to focus on the key variables and relationships that
are relevant to their research. The study's framework has
multiple  dimensions, encompassing various software
engineering courses, teaching methodologies, and metaverse
reasoning that can be associated with it. The author not only
addresses learning strategies using the metaverse in this
framework but also examines the security challenges that
students may face during software development. The section Il
outlines the study's objectives, while the section Il presents
the conceptual framework's design. The idea is further
elaborated in the section 1V.

Il. PURPOSE OF THE STUDY

The primary objective of the research is to bridge the gap
between software engineering education and technological
advancements, particularly in the Metaverse, for both students
and educators. To accomplish this goal, a comprehensive
conceptual framework has been developed, taking into account
all aspects of software engineering courses. The framework
aims to reduce the gap between academia and industry and to
explore collaborative learning approaches with industry
involvement to provide students with the necessary experience
in software engineering and equip them with the requisite

knowledge and abilities for a real-world work environment.
Conventional lab-driven methods are insufficient since they
are not aligned with industry, market, and societal
expectations. Moreover, this approach is anticipated to
improve project quality and efficiency while also lowering
overall project costs from the industry's viewpoint.

I11. CONCEPTUAL FRAMEWORK

Teaching strategy that is considered ideal for students is to
provide instruction on both theoretical concepts and practical
skills in an individual-centered learning environment. As a
result, there have been numerous proposals for bodies of
knowledge in the context of software engineering. Two of the
most significant ones are the Guide to the Software
Engineering Body of Knowledge (SWEBOK) [6] and the
ACM/IEEE Curriculum Guidelines for Undergraduate Degree
Programs in Software Engineering [7]. These guides aim to
address the challenge of the rapidly evolving landscape of
software engineering by bringing together the diversity and
complementary aspects of emerging domains that are
interconnected with software engineering. A conceptual
framework, which provides the roadmap for indulging
metaverse at every step of teaching software engineering
education courses, is proposed in this study as shown in figure
1.

Software Engineering Course
1.Requirement Engineering
2. Software Quality
3. Software Engineering Fundamentals
4. Software Testing
5. Software architecture and Designing
6. Software Security
7. Software Project management
8. Software Development

T

Conceptual
Framework for
SEE under
Metaverse

~\,

Teaching Approaches Metaverse Reasoning
Followed

1.Project Based Learning
2.Collaborative Learning
3.Gamification

4.Problem Based Learning
5.Flipped Classroom
6.Blended Learning
7.Experimental Learning
8.Lecture Based Learning

1.Provides an immersive,
interactive environment

2.Create cross-curricular
projects

3.Create virtual laboratories

4.Create virtual conferences
and seminars

5.create simulations and
scenarios

Fig. 1. A Conceptual Framework for software engineering education via metaverse

The framework is explained via different teaching approaches
followed to educate software engineering in various Higher
Educational Institutions (HEIs) specifically considering
Metaverse at each of the learning process followed.

A. Project-based learning:

This approach involves teaching software engineering concepts
through hands-on project work. Learners work on real-world
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projects that require them to apply the software engineering
principles they have learned in class. Metaverse could be
powerful tool for project based learning as it provides an
immersive, interactive environment that allows students to
engage with the material in a unique and memorable way.
Students can work together to create virtual worlds, games, or
simulations that relate to the software engineering concepts
being studied. This process can help students develop critical
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thinking, problem-solving, and collaboration skills. The
metaverse allows for interactive learning experiences that
engage students in a way that traditional learning methods
cannot. For example, students could explore a virtual platform
to learn about software engineering courses to develop
software. The metaverse can be used to create cross-curricular
projects that combine multiple domains of a software
engineering such as requirement gathering, design,
development, testing etc.

B. Collaborative learning:

In this approach, learners work together in groups to solve
problems and complete projects. This encourages teamwork,
communication, and the sharing of knowledge and expertise.
In the context of collaborative learning in software
engineering, the metaverse can be used to enhance the learning
experience by providing a platform for students to work
together in a virtual environment. There are few ways to show
how metaverse could be used in collaborative learning:

Virtual Classrooms: The metaverse can be used to
create virtual classrooms where students can interact with each
other and the instructor. These virtual classrooms can be
created to look like actual classrooms or they can be
completely original and imaginative spaces that encourage
participation and creation.

Group Projects: The metaverse can be used to
facilitate group projects where students can collaborate on
software engineering projects in a virtual environment. This
can help students develop teamwork skills and improve
communication and collaboration.

Virtual Laboratories: The metaverse can be used to
create virtual laboratories where students can experiment with
different software engineering tools and technologies. This can
help students gain practical experience with software
engineering concepts and techniques.

Virtual Conferences: The metaverse can be used to
host virtual conferences and seminars on software engineering
topics. This can allow students to learn from experts in the
field and connect with other students and professionals.

Simulations and Scenarios: The Metaverse can be
used to create simulations and scenarios that allow students to
practice software engineering skills in a safe and controlled
environment. This can include simulations of real-world
software engineering projects or scenarios that require students
to work together to solve a problem.

C. Gamification:

Gamification is the application of game design elements and
principles to non-game contexts. In software engineering
education, gamification can be used to engage and motivate
students to learn and to enhance their understanding of
software engineering concepts and practices. Gamification
aims to increase a user's motivation, engagement, and
performance when completing a particular job. It does this by
incorporating game mechanics and elements, making that work
more appealing [8]. Software engineering involves
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implementing various processes that are often repetitive and
time-consuming, such as bug hunting, code reviews,
requirements elicitation, and change management. Although
these tasks are essential, they are not typically considered
creative, and some may even be viewed as "destructive,”
leading to reduced motivation among developers. Thus,
gamification could be a useful approach to increasing
developers' interest and motivation in carrying out these tasks.
Some of the ways gamification could be used in Software
Engineering Education:

Game-based learning: Creating games that simulate
real-world software engineering scenarios can be an effective
way to teach students about software engineering concepts and
practices. This can involve using role-playing, puzzles, and
simulations to help students learn how to apply software
engineering principles to real-world problems.

Leader boards and rewards: By using leader boards
and rewards, students can be incentivized to complete
assignments and engage more actively with the course
material. For example, students can earn points or badges for
completing assignments, participating in discussions, or
achieving certain milestones.

Simulation and Virtual Environments: Simulations
and virtual environments can provide students with a safe
space to practice and experiment with software engineering
concepts and practices. This can help students develop their
skills and gain confidence before applying them in real-world
situations.

D. Problem-based learning:

Problem-based learning is a student-centered approach to
education that focuses on the development of problem-solving
skills and critical thinking abilities. In software engineering
education, PBL can be used to help students gain practical
experience by applying their knowledge and skills to real-
world problems. Metaverse can be used in can be used in
software engineering education to create simulations and
scenarios that can be used as the basis for problem based
learning activities. Some of the ways to implement problem-
based learning in software engineering education using
metaverse is explained below:

Identify the learning objectives: When using
Metaverse for learning, it's essential to identify specific
learning objectives that can be achieved through the platform.
It helps in identifying the objectives clearly while stating the
problem of the study.

Create a metaverse environment: Creating a
Metaverse environment involves using a variety of tools and
techniques to design and build an immersive 3D world.

Introduce the problem: The problem can be identify by
exploring the dynamics of virtual communities to examining
the impact of metaverse technology on education.

Provide guidance and feedback: Tutorials and
onboarding sequences of any software can provide guidance on
how to navigate the platform, interact with objects, and
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communicate with other users. These can include interactive
walkthroughs, tooltips, and video tutorials.Metaverse could
provide new software engineering course walkthough.
Metaverse platforms can also provide personalized feedback
tailored to the individual user.

Evaluate learning outcomes: Metaverse platforms can
incorporate assessments and quizzes to measure learning
outcomes of software engineering courses. These assessments
can be integrated into the platform and can be designed to
provide feedback to learners. For example, a quiz about the
designs, development or testing phase could test a learner's
understanding of a specific topic, and provide feedback on
areas where they need to improve.

E. Flipped classroom:

The main idea behind the flipped classroom is to shift the
focus of class time from teacher-centered instruction to
student-centered activities. By watching lectures or other
instructional materials outside of class, students can learn and
review the material as needed. This frees up class time for
more hands-on activities, group work, and individualized
instruction. Metaverse could be used in all the three stages of
flipped classroom that is pre-class where student could learn
though metaverse, in class where students could interact with
their peers through metaverse and post class where students
could share their experiences and get the feedback in detail via
metaverse platform.

F. Blended learning:

Blended learning: This approach combines traditional
classroom teaching with online learning activities, such as
video lectures, interactive tutorials, and discussion forums.
This allows learners to work at their own pace and provides
flexibility in terms of time and location. In a blended learning
metaverse environment, students could attend classes in a
virtual classroom or space, where they can interact with their
peers and teacher in real-time. They could also access course
materials, such as videos, articles, and quizzes, through an
online learning management system.

G. Experimental learning:

This approach involves learning through experience, such as
internships, co-op placements, or apprenticeships. Learners
work in real-world software development environments,
gaining practical experience and learning from experienced
professionals.

H. Lecture-based learning:

This approach involves traditional classroom teaching, where
the instructor delivers lectures on software engineering
concepts and principles. Learners are expected to take notes
and participate in discussions to deepen their understanding of
the topics.
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IV. DISCUSSION

The proposed framework includes three main components:
software engineering courses (Institutional setup), teaching
approaches followed (Implementation) and metaverse
reasoning (Evaluation). The instructional design component
involves developing learning objectives, designing learning
activities, and selecting appropriate Metaverse tools and
technologies. The implementation component involves using
the Metaverse environment to deliver the learning activities
and assessing the learners' performance. The evaluation
component involves assessing the effectiveness of the
Metaverse environment in achieving the learning objectives
and improving software engineering education. The paper
argues that the use of Metaverse in software engineering
education can provide several benefits naming a few are
engaging and interactive learning environment while providing
3D virtual environment. Metaverse can simulate real-world
scenarios and problems that software engineers encounter in
their work, allowing learners to gain practical skills and
experience. Metaverse can be tailored to individual learners'
needs and preferences, providing a personalized learning
experience.

The paper concludes that the proposed framework provides a
useful guide for using Metaverse in software engineering
education. However, further research is needed to assess the
effectiveness of the Metaverse environment in improving
software engineering education and to identify best practices
for instructional design and implementation.
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