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Abstract
The metaverse has potential applications in many fields, for example, the field of health care. Due
to the particularities of the metaverse technology (immersive access due to virtual and augmented
reality, combination of people with digital twins, etc.) it is necessary to define software development
methodologies that guarantee quality during the development of applications in this context. The thesis
project presented in this article aims to identify and analyze existing proposals in the current scientific
literature in order to know the state of the art, and then propose a methodological framework to ensure
quality in the development of applications for the metaverse. Finally, it is proposed to use the Model
Driven Engineering (MDE) paradigm and to validate the proposal with a real case of application in the
healthcare field.
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1. Introduction

The COVID-19 pandemic has drastically changed social interactions. Social distancing policies,
confinements and mandatory quarantines have accelerated the technological mediation of
communication on an unprecedented scale [1]. Many face-to-face activities, such as office work,
education and conferences, have moved to the online space through cell phones, social networks
and even the metaverse.

The concept of metaverse has changed in recent years. The metaverse can be defined as a
multiuser environment that merges physical reality with digital virtuality [2]. It is based on the
convergence of technologies that enable multisensory interactions with virtual environments,
digital objects and people, such as virtual reality (VR) and augmented reality (AR). In other words,
the metaverse is an interconnected network of immersive social environments on persistent
multiuser platforms. It enables seamless communication between users in real time and dynamic
interactions with digital artifacts.

Therefore, one of the goals of the metaverse is to replicate the feeling of connection with
the real world by creating immersive virtual environments. Applications can be seen as a tool,
meaning that the metaverse can help solve difficulties and problems in the real world. But it
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can also be seen as a goal, which refers to how the metaverse itself can perform actions such as
developing the metaverse itself and generating benefits [3].

As such, many companies have begun to move into the metaverse, including healthcare
companies. The Metaverse can be beneficial both for helping medical professionals in many
aspects of their work, as well as for patients, as it can make the Internet more accessible to
many people who struggle to interact with digital content every day due to neurodivergence,
disability or other impairments. Machines, systems and procedures will be tested securely
through digital twins to detect bugs and vulnerabilities before they are carried out in a physical
environment.

The metaverse is being built on many advanced technologies such as VR, AR, artificial
intelligence (AI), machine learning (ML) and sensores of various types. These various tools create
more complexity. Due to these particularities of metaverse technology, it becomes necessary
to define software development methodologies that ensure quality during the development of
applications in this context.

The contribution of the paper. The thesis project presented in this article aims to identify
and analyze existing proposals in the current scientific literature in order to know the state of
the art, and then propose a methodological framework to ensure quality in the development
of applications for the metaverse. Finally, it is proposed to use the Model Driven Engineering
(MDE) paradigm and to validate the proposal with a real case of application in the health field.

Our starting hypothesis is the use of MDE could eventually facilitate the quality assurance of
software development in the metaverse domain. MDE proposes an approach where software
development is performed through models, allowing transformations that generate additional
code or models with specific characteristics of a given technology. In the complex environment
of the metaverse, which is built on advanced technologies such as virtual reality, augmented
reality, artificial intelligence, 5G networks, cloud services, machine learning and various sen-
sors, effective resource management becomes a significant challenge for organizations. The
hypothesis is based on the premise that MDE can provide a sound methodological framework to
address this complexity and thus contribute to quality assurance in software development in the
metaverse. Through the application of models that evolve and adapt to the specific technological
characteristics of the metaverse environment, it is expected that MDE will facilitate the creation
of robust and high quality software in this innovative context.

To obtain the proposed solution, the following objectives and activities have been identified:

• O1. To know the current situation of the metaverse in the healthcare environment and to
identify, analyse and discuss methodological proposals that facilitate the quality assurance
of software development in the metaverse environment.

• O2. To define a methodological proposal that includes the necessary mechanisms to
facilitate quality assurance in software development in the metaverse. Specifically, a
definition metamodel will be proposed to model the desired metaverse scenario and,
on the other hand, an execution metamodel will be proposed to model the executable
characteristics of the scenario defined with the previous metamodel.

• O3. Define the necessary transformation rules to derive the necessary artifacts from the
execution model.



• O4. Develop a tool to support the practical use of the proposed solution. This objective
entails: (i) defining appropriate domain-specific profiles or languages to make it possible
to instantiate both metamodels; and (ii) implementing a CASE tool to support such an
environment.

This paper, in addition to this introduction in which a brief summary of the proposed work
to be done is presented, is composed of the following sections: the review of related work is
addressed in Section 2, providing an overview of the existing context. The formulation of the
initial hypothesis is presented in Section 3, followed by the description of the methodology
used in Section 4. The proposed solution is detailed in Section 5, specifically addressing the
stated objectives. Finally, the general conclusions are found in Section 6, closing the paper with
a summary of the findings and possible future research directions.

2. Metodology

This PhD project follows the Design Science Research Methodology [4] which establishes 4
phases (Figure 1):

• Phase 1: problem identification and motivation. We carry out a thorough systematic
literature review (SLR) to collect existing proposals related to our research question. Sys-
tematic Review is a process where related works are examined. For this study, we propose
using the method proposed by Kitchenham [5] for conducting systematic reviews in the
field of software engineering. This method consists of three phases: planning, execution
and presentation of results. In the planning phase, a study schedule is established and a
protocol is drawn up that includes the research questions, evaluation criteria, information
collection mechanisms and analysis method. In the execution phase, the study is carried
out according to the defined protocol, and finally, in the results presentation phase, the
findings are presented clearly and concisely.

• Phase 2: objective of the solution. As we mentioned above, the objective of this
thesis is to investigate and propose a methodological framework to ensure quality in the
development of applications for themetaverse, using theModel Driven Engineering (MDE)
paradigm. The project will be validated with a real case in the health field. To achieve
this, the current state of the metaverse in the healthcare environment will be analyzed,
metamodels will be defined to model and execute metaverse scenarios, transformation
rules will be established to derive necessary artifacts from the execution model, and a
CASE tool will be developed to support the use practicality of the proposed solution. In this
context, this phase aims to investigate and propose a framework based on methodological
framework to ensure quality in the development of applications for the metaverse

• Phase 3: design and development. This phase involves 2 steps: (i) designing a novel
metaverse metamodel and its associated semantic constraints as well as MDE‐based
theoretical bases the framework; and (ii) developing a tool to back up the application of
our metamodel and to automate parts of the framework.

• Phase 4: demonstration and evaluation. Regarding validation, two classical tech-
niques will be used: (i) experimentation, based on the Juristo and Moreno [6] approach,



Figure 1: The proposed methodology for the PhD project

which proposes a life cycle that includes the definition of objectives, design and execution
of experimentation and analysis of results; and (ii) the case study. A case study is an
empirical methodology used to investigate complex and dynamic problems in software
engineering. It is characterized by its flexibility and the ability to collect qualitative
data in a programmed and systematic way, allowing conclusions to be drawn based on
empirical evidence. Also, this method adds value to existing knowledge since it is based
on a previously established theory. To guide our case studies, we will follow a set of
guidelines proposed by Runeson and Höst [7], which consist of five phases: design of the
case study, preparation of data collection, data collection, data analysis and reporting of
results. Although data collection and analysis can be done incrementally, it is important
to set specific objectives from the beginning of the case study. These guidelines will help
us to ensure that our approach is systematic and rigorous, and that the results obtained
are reliable and useful. This is a work in collaboration with a private clinic (Inebir), which
is helping to define the model from the practical context and will also offer the possibility
of validation for the treatment of patients with endometriosis.

This comprehensive methodology is structured in a systematic and rigorous manner, address-
ing both comprehensive literature review and practical action in solving specific metaverse
problems, with the objective of contributing to knowledge and effective application in this
emerging field.

3. Proposed solution and preliminary results

In the field of software engineering, quality means good products that meet customer expec-
tations, constraints, and requirements [8]. Quality is the most important factor for software
development, as it is directly related to the success of a software project.

The model of a software process is precisely used to ensure software quality, represent a



Figure 2: Phases of the model-driven framework of our proposal

variety of task configurations, manage the project duration, improve the process and scope to
execute the process understanding. In model-driven engineering (MDE), software development
is proposed using models that cause transformations to be performed to generate code or
another model with characteristics of a given technology (or lower level of abstraction). As
the transformations are performed, it can be observed that the models become more concrete
and the abstract model is transformed into another one compatible with a given technology
or platform [9]. The metaverse environment is being built on many advanced technologies
such as VR, AR, artificial intelligence (AI), fifth generation (5G) broadband network, cloud
services, machine learning (ML), and sensors of various types in addition to operating systems
and software tools [10]. These various tools create more complexity. Resource management of
these technologies can become a challenge for organizations.

This section presents the phases that constitute the proposal and the main objectives, as well
as the activities identified to achieve them. We propose three main phases: definition, execution
and deployment, as shown in Figure 2.

1. A definition phase: During this stage, the vision of the project is clarified, establishing
the main goal of creating a functional metaverse. The specific objectives that will guide
the development are defined and a detailed metamodel will be developed that will serve
as a reference framework for the construction of the metaverse, addressing key aspects
such as data structure, user interaction and the integration of virtual content.

2. An execution phase: Here a second metamodel is developed focused on the execution
parameters of the virtual entities within the metaverse. Using model-to-model transfor-
mations from the definition metamodel, a preliminary version of the execution models is



generated. This involves defining how virtual entities interact, how they move, how they
respond to user interaction, and other aspects of their behavior in the virtual environment.

3. An implementation phase: In this stage, the developed solution is taken to a real
platform for implementation. The first version of the executable code is derived via a
model-to-text transformation from the execution model. The process engineer can then
step in to make manual adjustments and configurations to the draft code, tailoring it
to the specifications of the target platform. This process ensures that the solution is
optimally and functionally deployed in the real metaverse environment.

The thesis project is currently in an advanced stage of development. The systematic literature
review (SLR) has been completed and is in the process of review by a recognized academic
journal, listed in the Journal Citation Reports (JCR), specifically in the Information and Software
Technology Journal. In parallel, the main focus is on the definition phase of the metamodel
framework. Here, the conceptual and methodological foundations for the research project are
being established. Specific objectives are defined, a detailed metamodel is developed, and the
essential parameters that will guide the implementation of the proposal are outlined. This
process lays the solid foundations necessary for the success of the research in building the
proposed metaverse.

4. Related works

This section provides a brief description of the proposals where the metaverse is applied in the
healthcare context.

In [3], the authors review the fields where the metaverse makes contributions in multiple
areas of society, analyzing the benefits and challenges from various perspectives.

In [11], the authors review and identify areas of application of the metaverse in the health
field. The use of the Metaverse in the healthcare context is expanding rapidly. It is now widely
used in other areas, such as medical interventions and health care delivery; in medical imaging,
it has many applications due to the fundamental change in the nature and quality of the image.

The authors’ goal in [12] was to exploit the ramifications of the expansion of metaverse
applications in mental health. It reviews the novelties that can be included or are already
implemented in the metaverse, as well as outlining the advantages and limitations of the impact
of the metaverse on mental health.

In [13] the authors state that the Metaverse appears to be beneficial in helping both pa-
tients and medical professionals in many aspects of their work that involve the use of these
technologies, but that there are nevertheless many challenges to consider.

The literature review in the field of metaverse and software engineering, included in the
studies mentioned above, reveals a substantial lack of research focused on the development
of specific methodologies to ensure software quality in metaverse environments. Although
systematic reviews of metaverse environments have been conducted [14] and methodological
approaches have been proposed for concrete proposals [15, 16], most of them do not com-
prehensively address the unique complexities of the metaverse. No specific review has been
found to support this statement, but the previously mentioned works provide a basis for these
conclusions. This gap in the literature provides a valuable opportunity for the proposed research,



which aims to develop a robust methodology based on Model Driven Engineering (MDE) and
Action Research approaches. The combination of these methodologies will enable a deeper
understanding of the specific challenges of software development in the metaverse and provide
practical guidelines for improving software quality in this emerging context.

This thesis project is situated in the growing field of metaverse application in healthcare
and software engineering. Building on previous research examining the contributions of the
metaverse in society and its specific application in healthcare, this research focuses on the
development of a methodological framework for quality control in the development of metaverse
applications in healthcare.

5. Conclusions

Themetaverse has an impressive potential formany segments of society, including the healthcare
context. This doctoral research project aims to propose a methodological framework to ensure
quality in the development of applications for the metaverse, proposes to use the paradigm of
Model Driven Engineering. It is framed in the field of software engineering in the context of
the metaverse and has a planned validation with a real case of application in the health field.

Recognizing the uniqueness and complexities of metaverse environments, it highlights the
critical need for a specific and agile approach, such as the one proposed here, to address the
particular challenges that arise in developing applications in this emerging environment. The
implementation and practical validation of this methodological framework in the healthcare
sector will not only contribute to the improvement of the quality of metaverse applications,
but will also pave the way for future innovations in the convergence between cutting-edge
technologies and healthcare.
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