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Abstract: The following article investigates the Metaverse and its potential to bolster digital accessi-
bility for persons with disabilities. Through qualitative analysis, we examine responses from eleven
experts in digital accessibility, Metaverse development, disability advocacy, and policy formulation.
This exploration uncovers key insights into the Metaverse’s current state, its inherent principles, and
the challenges and opportunities it presents in terms of accessibility. The findings reveal a mixed
state of inclusivity within the Metaverse, highlighting significant advancements along with notable
gaps, especially in integrating assistive technologies and ensuring interoperability across different
virtual environments. This study emphasizes the Metaverse’s potential to revolutionize experiences
for individuals with disabilities, provided that accessibility is embedded in its foundational design.
Ethical and legal considerations, such as privacy, non-discrimination, and evolving legal frameworks,
are identified as critical factors that shape an inclusive Metaverse. We propose a comprehensive
framework that emphasizes technological adaptation and innovation, user-centric design, universal
access, social and economic considerations, and global standards. This framework aims to guide
future research and policy interventions to foster an inclusive digital environment in the Metaverse.
This paper contributes to the emerging discourse on the Metaverse and digital accessibility, offering a
nuanced understanding of its complexities and a roadmap for future exploration and development.
This underscores the necessity of a multi-faceted approach that incorporates technological innovation,
user-centered design, ethical considerations, legal compliance, and continuous research to create an
inclusive and accessible Metaverse.

Keywords: Metaverse; accessibility; framework; research agenda

1. Introduction

The concept of the Metaverse has garnered considerable attention recently, particularly
owing to substantial advancements in virtual and augmented reality technologies. The
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Metaverse is an integrative ecosystem of virtual worlds offering immersive experiences to
users that modify pre-existing experiences and create new value from economic, environ-
mental, social, and cultural perspectives. It is defined as a continuous and interconnected
blend of physical and virtual realms facilitated by technologies such as virtual reality and
augmented reality, where users engage in multisensory interactions within persistent and
shared immersive environments [1]. In this interconnected digital realm, users can engage
in real-time interactions with each other and with computer-generated environments, re-
sulting in the blurring of boundaries between the physical and digital worlds [2]. Often
described as a fully immersive and interactive space, the Metaverse offers users the op-
portunity to explore, create, and participate in diverse activities [3]. Neal Stephenson first
coined the term Metaverse in his 1992 science fiction novel “Snow Crash” [4]. This concept
has transcended the realm of fiction. It is becoming a reality due to rapid technological
advancements and the increasing popularity of virtual reality (VR) and augmented reality
(AR) experiences. With the Metaverse, individuals can interact and engage with others
from around the world, thereby eradicating the barriers of physical distance [5]. This virtual
reality space presents infinite possibilities for communication and collaboration, facilitating
seamless teamwork and innovation across various industries. The Metaverse in education
offers potential applications for blended learning, language learning, competency-based
education, and inclusive education but faces challenges and requires further research [6].
Furthermore, the Metaverse could transform the entertainment industry by providing a
new level of immersive experiences and redefining how we consume media. Individuals
with autism or intellectual disabilities can use it to enhance their communication and social
skills [7]. The ongoing development of the Metaverse is expected to significantly transform
our daily lives, professional pursuits, and recreational activities, thereby heralding a new
era of interconnectedness and virtual exploration. The Metaverse, as envisioned by some
experts, is a fully simulated virtual world, while others see it as an augmented reality
overlay on the real world [8]. The virtual Metaverse is anticipated to be widely used for
gaming, socializing, shopping, entertainment, business, and education. The augmented
Metaverse, on the other hand, is regarded as a substitute for mobile phones and a gateway
to digital content [9]. The potential application of blockchain technology in decentralizing
and resolving control issues in the Metaverse is currently under discussion [10]. However,
concerns have also been raised regarding the cost of access, the potential for misinformation,
the digital divide, object and identity persistence, and the possible negative impact on
real-world relationships and obligations [11,12].

The concept of the Metaverse offers tremendous potential for fostering a more inclusive
and accessible digital realm. Although some initiatives have provided recommendations for
enhancing the accessibility of virtual and augmented reality content [13,14], complete acces-
sibility solutions seem to be relatively absent. Ensuring equal opportunities for individuals
with disabilities in virtual environments entails addressing a variety of obstacles. One sig-
nificant challenge is the lack of accessibility across numerous virtual reality (VR) platforms
and applications [15]. For instance, individuals with visual disabilities may encounter diffi-
culties navigating virtual environments that rely heavily on visual cues, underscoring the
need for features such as audio descriptions or haptic feedback. Without such provisions,
their ability to fully engage in digital exploration of the Metaverse is impeded. Similarly,
those with mobility disabilities may face challenges in VR platforms requiring intricate
physical movements or not supporting assistive devices. The use of extended reality (XR)
technologies can result in sensory overload for neurodivergent individuals, and such in-
dividuals may face difficulties in accessing XR technologies due to the lack of integration
of accessibility requirements in current software development practices [16]. Addressing
challenges related to the Metaverse for educational purposes involves considering potential
accessibility and integration difficulties for individuals with learning disabilities [6]. As the
Metaverse continues to develop, it is essential to prioritize and implement inclusive design
practices to accommodate the diverse needs of all users. This emphasis on inclusivity
can transform the Metaverse into a space in which everyone can actively participate in
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virtual experiences, regardless of their abilities. Despite extensive research on VR and
augmented reality (AR) for disability [17], translating these advancements into widely
available market-ready products appears to be relatively infrequent.

In recent times, the growth of virtual reality platforms has gained considerable mo-
mentum, attributed to the efforts of companies such as Oculus and HTC Vive, which have
expanded the scope of immersive experiences [18]. Despite the potential of these tech-
nologies for entertainment, communication, and education, numerous barriers still hinder
individuals with disabilities from fully experiencing virtual environments [15]. This issue
highlights the importance of inclusivity and accessibility in the concept of the Metaverse, a
shared virtual space. Understanding and addressing these barriers is crucial to ensure that
the Metaverse is accessible to all individuals, regardless of their abilities or disabilities. Ar-
ticle 9 of the Convention on the Rights of Persons with Disabilities, adopted by the United
Nations, stipulates that all member states must ensure the accessibility of information and
communication technologies (ICT) as a fundamental principle [19]. This research is critical
in creating equitable opportunities for individuals with disabilities to participate in and
benefit from the Metaverse. It is essential to develop technologies and design interfaces
that accommodate various disabilities, such as visual, hearing, and physical disabilities.
Moreover, collaboration with disability advocacy groups and individuals with disabilities
themselves is vital to ensuring that their perspectives and needs are incorporated into the
development and design process. Prioritizing accessibility will enable the creation of a
Metaverse that fosters inclusivity, diversity, and equal participation for all users [20]. In
the same vein, [21] conducted a systematic and bibliometric analysis of the Metaverse and
highlighted that less attention is paid to investigating the use of the Metaverse for people
with disabilities, calling for more research in this regard.

Considering the background presented, this study primarily aims to investigate the
current state of accessibility and inclusivity in the Metaverse through expert opinions and
analysis of existing platforms and technologies. While acknowledging the importance
of diverse user experiences, our study, at this stage, does not include direct data from
people with disabilities regarding their experiences in the Metaverse. Recognizing this as a
significant limitation, we intend to address this gap in future research phases, where we
will specifically focus on collecting and analyzing firsthand experiences from individuals
with disabilities to further our understanding and enhance the inclusivity of the Metaverse.
Furthermore, we will explore the role of developers, policymakers, and users in shaping the
future of the Metaverse to ensure its accessibility to all. Our research aspires to contribute
to the ongoing discourse and initiatives towards constructing a Metaverse that is truly
inclusive and accessible to everyone. Through thoroughly examining existing technologies
and considering user experiences, we can identify the barriers and constraints that prevent
specific individuals from fully participating in the Metaverse. We are convinced that by
involving developers, policymakers, and users in this discussion, we can collaboratively
tackle these challenges and develop solutions prioritizing inclusivity. Ultimately, our
objective is to create a Metaverse that embraces diversity and affords equal opportunities
for all individuals to interact, connect, and thrive. Previous research has explored various
aspects of the Metaverse, including its technological infrastructure, user experience, and
social implications [22,23]. Despite the growing interest in the Metaverse, there is a lack of
research on accessibility and inclusion in this virtual world.

This study aims to develop a theoretical framework for accessibility and inclusion
in the Metaverse. We propose that a comprehensive understanding of accessibility and
inclusion in the Metaverse can be achieved by developing a theoretical framework that
incorporates the perspectives of users, designers, and policymakers.

2. Background

The concept of the Metaverse has captured the imagination of researchers and technol-
ogists alike, offering a glimpse into a future where virtual and physical realities converge. It
has gained significant attention in recent years, with much speculation about its potential to
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transform how we interact with technology and each other. Despite its growing popularity,
the Metaverse is still in its nascent stages of development, and there is no clear consensus
on its eventual form. According to Ref. [24], the Metaverse is a proposed future virtual
universe that is characterized by the integration of various digital platforms and the provi-
sion of immersive experiences through multidimensional interactions and is envisioned as
a space that includes augmented, extended, and virtual realities, and is intended to offer
users a rich and engaging experience. The current vision for the Metaverse is deeply rooted
in the values and preferences of Generation Z, a demographic group known for its fluid
online and offline identities. It is reinforced by deep learning-based recognition models
and virtual currency [25].

The creation of an immersive and interactive Metaverse depends on the development
of virtual reality (VR), augmented reality (AR), artificial intelligence (AI), blockchain, and
other technologies [26]. These technologies enable virtual reality experiences, the owner-
ship of digital assets, and decentralized governance. Their implementation is of utmost
importance in achieving the desired outcome of a Metaverse. Corporations such as Meta
(formerly Facebook), Microsoft, and Epic Games are allocating significant resources toward
developing and advancing Metaverse technologies and platforms [27]. This increased
investment expedites the progress of these technologies and draws additional interest
and attention to the Metaverse. The Metaverse provides a decentralized virtual identity,
immersive experiences, interactive functions, a mature economic system, the ability for
arbitrary creation, continuous self-evolution, and upgrading. It holds significant potential
for growth in social interactions, office environments, education, and gaming [28]. The
study of the Metaverse has made notable progress in four key areas: technological de-
velopment, practical applications, marketing and consumer behavior, and environmental
sustainability [29]. These findings hold valuable implications for businesses seeking to cap-
italize on the potential of the Metaverse. The Metaverse has been studied for its potential
in propaganda, solving environmental problems, and achieving sustainable development
goals [30]. It has also been studied in education, focusing on topics like roadmaps, dimen-
sions, training, current initiatives, and data [31]. The Metaverse can be used in education
for people with disabilities by integrating various information technologies into smart
education ecosystems, forming new education modes like virtuality-reality symbiosis,
trans-spatial fusion, and collaborative inquiry [22], while also enabling technologies like
extended reality and the internet of everything to impact educational services [32]. The
Metaverse is a social ecosystem that interconnects the physical and virtual realms, thereby
eliciting inquiries about identity, privacy, and security [33]. In the context of the Metaverse,
it is of utmost importance to guarantee a secure and safe environment as users participate
in social and economic activities within this virtual space. Furthermore, the need for high
synchronization and low latency arises as a critical factor in enhancing the user experience
and fostering a sense of immersion.

Accessibility and inclusion are critical factors that cannot be disregarded in the realm
of the Metaverse [34]. The growth and development of digital environments necessitate the
guarantee of equal opportunities for all individuals with different abilities and backgrounds
to participate and prosper within them [35]. It is crucial to foster an inclusive environment
in the Metaverse, where barriers are eliminated, and every individual has the opportu-
nity to voice their opinions and establish their presence [36]. The Metaverse presents an
opportunity to ensure equitable access for all humans, including people with disabilities.
Despite the uncertainty of current options available for these individuals in the Metaverse,
our research explores potential augmentations and inclusions that can be implemented to
ensure their participation in virtual space. It is imperative that people with disabilities are
not excluded from the Metaverse. In examining digital accessibility for individuals with
disabilities, the prevalent challenges identified were not only technical issues, security and
privacy concerns, and operational hurdles but also a notable absence of case studies or
practical examples addressing the gap in creating an accessible Metaverse. This omission
underscores the need for real-world applications and solutions to better understand and
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tackle these barriers. Evidence in the literature indicates a prevalent focus on AI-driven
digital accessibility for visual disabilities, which highlights a significant gap in addressing
other types of disabilities [37]. Individuals with disabilities often experience limited access
to information and communication technology (ICT) and internet connectivity, which can
be attributed to various factors such as financial constraints, physical impediments, low
levels of digital literacy, and inadequate support [38]. This underscores the pressing need
for a realignment of efforts towards a more comprehensive examination of disabilities,
urging researchers to broaden their scope and enhance data collection efforts involving
individuals with other disabilities, mainly physical/mobility and cognitive. The identified
shortcomings in existing systems with respect to adherence to accessibility standards serve
to emphasize the pressing need for a fundamental shift in the design of solutions that
prioritize the needs of individuals with disabilities. The current web accessibility standards
for Metaverse platforms are insufficient in providing digital accessibility for individuals
with disabilities [39]. This is due to the absence of specific guidelines and best practices for
Metaverse platforms [40] and the limited knowledge of how to modify existing accessibility
features to suit virtual environments. Many countries do not have appropriate laws and
regulations to ensure the safety and well-being of all participants [41]. To address these
challenges, it is essential to thoroughly understand the specific needs and prerequisites of
individuals with disabilities to develop effective accessibility solutions for the Metaverse.

The absence of awareness and understanding of accessibility requirements among
Metaverse developers can lead to obstacles and limitations within the virtual world [36]. A
lack of comprehensive understanding of accessibility can result in unintentional exclusion
of certain groups of people from fully participating in the Metaverse experience [34]. This
can lead to feelings of exclusion and frustration, particularly for individuals with disabilities
who may encounter difficulties navigating or interacting with the virtual environment.
Furthermore, the lack of awareness can perpetuate societal biases and stereotypes, further
marginalizing already underrepresented communities [42]. Thus, it is imperative that
education and training on accessibility become an integral component of the development
process so that Metaverse platforms are designed with inclusivity in mind. As technology
continues to advance and the virtual world becomes increasingly integrated into our daily
lives, we must establish and enforce suitable laws and regulations to safeguard the safety
and welfare of all stakeholders. Regrettably, numerous countries lack policies or regulations
to address these issues [41]. Consequently, it is essential to conduct research to provide
evidence-based support for developing and implementing such policies.

The development, research, adoption, and use of the Metaverse raises various ethical
and legal concerns [43]. A crucial ethical aspect is focusing on digital identity, which plays a
key role in managing the balance between anonymity and pseudonymity in the Metaverse.
Privacy is also a significant consideration, especially for individuals with disabilities depen-
dent on assistive technologies for digital interaction [44]. Additionally, intellectual property
poses challenges, notably for content creators and developers relying on copyrighted ma-
terials or trademarks in virtual settings [45]. Finally, addressing bias is imperative in the
realm of digital accessibility. Another challenge with implementing inclusive design princi-
ples in immersive and interactive Metaverse environments is the complexity of creating
accessible features that cater to a wide range of disabilities. In designing and developing
products, designers and developers need to consider multiple considerations, such as the
requirements of individuals with visual and hearing disabilities, mobility disabilities limi-
tations, and cognitive disabilities, as well as the needs of neurodivergent individuals, those
with autism, and senior citizens. The extent of accessibility and inclusivity in the Metaverse
is greatly influenced by its creators’ and developers’ biases, viewpoints, and priorities.
If these designers possess unconscious biases and stereotypes towards individuals with
disabilities, these will be reflected in their product and how people with disabilities are
involved in the process [46]. As a result, individuals with disabilities may be forced to
accept a suboptimal user experience, while non-disabled individuals are afforded the best
possible user experience. The Metaverse is likely to present additional challenges in terms
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of privacy and security [47], particularly for individuals with disabilities who depend on
assistive devices that might be vulnerable to exploitation. Moreover, the cost of accessing
the Metaverse, including the necessity of high-end virtual reality technology, may prove
prohibitively expensive for those with limited financial resources [38]. To address these
issues, it is crucial to have a deep understanding of the needs and preferences of individ-
uals with disabilities and the technical expertise required to integrate accessible features
seamlessly into the Metaverse experience. Additionally, the dynamic and ever-evolving
nature of Metaverse environments presents unique challenges in ensuring accessibility [48].
Therefore, it is essential to constantly reassess and update accessibility standards to ensure
that individuals with disabilities can fully participate in the Metaverse. Collaboration be-
tween accessibility experts, developers, and users with disabilities is critical in this process,
as it enables the identification of barriers and the development of innovative solutions.
By prioritizing accessibility, the Metaverse can become a more inclusive and empowering
space for all users, regardless of their abilities.

3. Materials and Methods
3.1. Study Design

This present research aims to explore a novel research question that has yet to be
addressed in previous research, focusing on the Metaverse and its potential to improve
accessibility. To achieve this, a qualitative approach known as the Delphi method was em-
ployed as the primary research technique in this study [49]. The Delphi design was chosen
due to its capability to promote structured group communication and to reach a consensus
on a set of items in a particular area that has not yet been fully explored [50,51]. Delphi’s
features enabled us to interact with a diverse group of international researchers who were
distributed across various geographic locations and to engage with them formally [52].

This study employed a structured Delphi method to systematically gather and refine
insights from experts in accessibility, AI, and the Metaverse. Initially, we identified 21 can-
didates through a meticulous selection process, focusing on their proven expertise and
contributions to these fields. Of these, 11 experts agreed to participate. The selection was
aimed to ensure a broad representation of views and deep knowledge across the relevant
domains. Participants were then provided with a detailed questionnaire designed to elicit
their in-depth opinions on several key issues at the intersection of accessibility and the
Metaverse. The questionnaire included 13 carefully formulated questions that covered a
range of topics from core Metaverse principles to practical challenges in ensuring inclusiv-
ity. These were based on their professional experience, academic research, and personal
insights into the future of accessible digital environments. After collecting their written
responses, we conducted a rigorous qualitative analysis to identify recurring themes, in-
sights, and recommendations. This iterative process of feedback and refinement through
the Delphi method allowed us to ensure the credibility and reproducibility of our study
by grounding it in the consensus among leading experts. The methodology section of the
paper details the qualitative analysis approach, including criteria for expert selection, the
nature of the questions posed, and the analytical techniques used to synthesize the data,
thereby addressing potential concerns regarding the study’s rigor and the foundation for
future research.

Furthermore, our research methodology delved into the potential implications of
emerging technologies, ethical and legal considerations, and the necessity for collabora-
tive efforts among various stakeholders. This methodological approach was essential in
providing a comprehensive understanding of the dynamic interplay between the Meta-
verse and disability empowerment, guiding the scope and depth of our investigation. The
questions posed to the experts are shared in Appendix A. Subsequently, the completed
questionnaires were collected, and the facilitator organized and compiled the comments
into a consolidated document. This compilation was then shared with each participant,
allowing them to provide additional feedback. After each comment session, all question-
naires were returned to the facilitator for evaluation to determine whether further rounds
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of feedback were necessary or if the results were ready for publication. This rigorous and
iterative Delphi method ensured a thorough exploration and refinement of expert opinions
throughout the research process. This approach is effective when exploring lesser-known
or under-researched topics, as it allows for incorporating expert perspectives [53]. These
opinions then provide a basis for subsequent analysis and screening.

The experts, along with their expertise, are presented in Table 1.

Table 1. Eleven experts and their areas of expertise.

Expertise

1 Metaverse, AI
2 Education, eLearning, AI
3 Education, eLearning, AI
4 Social Sciences, Cognitive Accessibility
5 AI, Assistive Technology
6 AI, Education
7 Digital Accessibility, Human–Computer Interaction
8 Disability Rights, Assistive Technology
9 AI
10 AI, Education, Metaverse, NFC, Blockchain
11 Metaverse

3.2. Data Analysis

Thematic analysis was deemed the most appropriate method for analyzing the data
in this research, owing to its capability to identify recurring themes and patterns within
the responses. The thematic analysis presents a structured and adaptable framework for
organizing and categorizing textual data, enabling the recognition of central themes and
concepts that emerge naturally from the data [54].

3.3. Ethical Considerations

Participants were fully informed about the study’s objectives and procedures prior
to completing the questionnaire. All experts were contacted via email and requested to
confirm their participation by responding with a return email. This initial communication
ensured that all participants were willing volunteers and provided their free and informed
consent to participate in the research through electronic means.

4. Results and Discussion

In this section, we extensively analyze the Metaverse’s role in ensuring digital accessi-
bility, particularly for individuals with disabilities. To begin, we assess the current state
of inclusivity in the Metaverse, examining both advancements and challenges associated
with integrating assistive technologies. We then delve into the technological solutions and
obstacles in creating accessible virtual environments, emphasizing the need for ongoing
innovation. Following this, we investigate the ethical and legal implications of digital
accessibility in the Metaverse, highlighting the importance of non-discrimination and legal
adaptability. Moving forward, we propose a comprehensive framework for an accessible
Metaverse, focusing on advanced technologies, user-centric design, and universal access.
Finally, we recommend future research directions and policy reforms that can contribute to
a more inclusive and equitable virtual world, showcasing the Metaverse’s transformative
potential while acknowledging its current limitations in inclusivity.

The synthesis of specialized perspectives presents a comprehensive and detailed anal-
ysis of the expanding domain of the Metaverse and its ramifications for digital accessibility.
This analysis, derived from diverse inquiries, offers a thorough comprehension of the exist-
ing status and potential future trajectory of this developing digital landscape, particularly
regarding individuals with disabilities. At the core of these discussions is the recognition
of the Metaverse as a groundbreaking digital space, marked by its immersive and intercon-



Multimodal Technol. Interact. 2024, 8, 21 8 of 18

nected virtual environments. The experts concur that the Metaverse harbors the immense
potential to transform the experiences of individuals with disabilities. However, they
emphasize that actualizing these potentials is contingent upon incorporating accessibility
into the very foundations of its development.

The exploration of the key elements and principles of the Metaverse and their com-
plicated connection to digital accessibility reveal crucial insights into the design and im-
plications of this emerging virtual space. Experts and perspectives from diverse domains
contribute valuable perspectives, shedding light on the multi-faceted nature of the Meta-
verse and the imperative role of digital accessibility.

The Metaverse, with its capacity for transformative change, is influenced by essential
components and tenets that aim for inclusivity and accessibility. These components and
tenets are described in Figure 1.
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The mixed state of inclusivity in the present Metaverse is an essential finding from
the experts’ opinions. While there have been advancements in providing opportunities
for individuals with disabilities, the experts also bring attention to notable gaps. One of
these is the obstacle of smoothly incorporating assistive technologies and guaranteeing that
various virtual settings within the Metaverse can function harmoniously.

The technological and design aspects of the Metaverse are subject to rigorous examina-
tion. Experts stress the importance of continuous technological advancement, specifically
designed to cater to the distinct requirements of individuals with disabilities. This encom-
passes tackling the obstacles associated with creating universally accessible virtual spaces
and guaranteeing compatibility with a wide range of assistive technologies.

The responses highlight the importance of ethical and legal considerations, with
concerns surrounding privacy, autonomy, and the prevention of discrimination being
repeatedly expressed. Additionally, there is a demand for legal frameworks to be modified
and improved to accommodate the growth of the Metaverse and to guarantee compliance
with digital accessibility standards.

In anticipation of future developments, several research avenues have been proposed
by experts. These encompass the advancement of assistive technology, the exploration
of the user experience for individuals with disabilities in virtual environments, and the
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formulation of comprehensive policies and standards that promote accessibility within
the Metaverse.

Policy recommendations are also highly informative. The specialists propose amend-
ing current digital accessibility regulations, drafting Metaverse-specific rules, and ensuring
the participation of individuals with disabilities in decision-making related to the Meta-
verse’s governance and growth.

The synergy of expert opinions portrays a comprehensive landscape of digital accessi-
bility within the Metaverse. Integrating technological innovations, user-centered design,
ethical discourse, legal anticipation, and ceaseless research, this narrative presents a holistic
view of the Metaverse’s potential as a transformative digital platform for individuals with
disabilities despite its present constraints in inclusivity.

4.1. Inclusivity in the Metaverse

According to the Oxford English Dictionary, inclusivity is “the practice or policy of
providing equal access to opportunities and resources for people who might otherwise
be excluded or marginalized, such as those having physical or intellectual disabilities
or belonging to other minority groups” [55]. The exploration of inclusivity within the
Metaverse, as depicted in the insights of various experts, reveals a landscape marked by
both promising advancements and notable challenges. The perspectives gathered indicate
a shared understanding of the Metaverse’s capacity to improve accessibility for persons
with disabilities substantially; however, they also emphasize the pressing requirement to
address the current deficiencies in its inclusive design.

The Metaverse presents a unique opportunity for individuals with disabilities, as it
offers an environment where physical limitations do not inherently pose barriers. Expert 1
highlights this potential, noting that the Metaverse provides tools that support immersive
learning experiences and do not discriminate against those with physical disabilities. This
perspective is shared by other experts, who believe that the Metaverse has the potential to
level the playing field for people with disabilities and provide them with unprecedented
opportunities for engagement and interaction.

Achieving an inclusive vision for the Metaverse is not without its challenges. One
of the key issues identified by experts is the compatibility of the Metaverse with assistive
technologies, which is essential for ensuring accessibility. Expert 4 points out, “Despite the
advancements, the Metaverse is yet to be fully accessible, especially for users who rely on
assistive technologies”. The current state of Metaverse development presents a significant
gap in integrating assistive tools and technologies, posing a pressing challenge.

The significance of incorporating inclusive design and development practices within
the Metaverse is another commonly mentioned topic among the expert responses. Addi-
tionally, the emphasis on involving individuals with disabilities in the development process
is highlighted, with Expert 6 stating, “Involving individuals with disabilities in the design
process ensures that the Metaverse is built with accessibility at its core”. This methodology
is considered indispensable not only for constructing inclusive environments but also for
guaranteeing that these spaces are instinctive and accommodating for a wide array of users.

The interoperability issue within the Metaverse presents itself as a significant challenge
that requires attention. Expert 3 observes, “Interoperability across different virtual environ-
ments remains a challenge, impacting the overall accessibility for users with disabilities”.
This points to the need for a more unified approach in Metaverse development, where
seamless movement and interaction across different virtual environments are made possible.

The economic and social consequences of fostering an inclusive Metaverse are crucial
aspects of the discourse. On the one hand, an inclusive Metaverse could bring about ex-
panded economic prospects and heightened social involvement for people with disabilities.
However, if inclusivity is not prioritized in the development of the Metaverse, there is
a potential for social exclusion and economic marginalization. Expert 5 articulates this
concern, warning of the potential risks if inclusivity is overlooked.
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The perspectives of various specialists indicate that the Metaverse possesses immense
potential to revolutionize the lives of individuals with disabilities. However, realizing this po-
tential necessitates addressing the obstacles of interoperability, seamlessly integrating assistive
technologies, and maintaining a focus on inclusivity throughout the development process.

4.2. Technological Solutions and Challenges

The discussion of technological advancements and difficulties in the context of the
Metaverse, as informed by the experts’ opinions, highlights a complex interplay between
innovation and obstacles. This interplay is crucial in creating a Metaverse that is both
accessible and inclusive, particularly for those with disabilities.

The Metaverse has witnessed significant progress in integrating advanced technologies
to enhance accessibility. Experts acknowledge these strides, citing the incorporation of
assistive tools, such as screen readers and adaptive interfaces, as key advancements. These
technologies play a pivotal role in facilitating navigation within the Metaverse, enabling
individuals with disabilities to interact with virtual environments more easily. As Expert 1
notes, “The incorporation of screen readers and closed captioning is essential in making the
Metaverse more accessible”. Furthermore, Expert 10 adds another layer to the discussion,
emphasizing a comprehensive approach to accessibility in the Metaverse. The expert shares,
“The Metaverse should provide options for text-to-speech and speech-to-text functionalities,
haptic feedback, and customizable user interfaces. It should also support screen readers
and other assistive technologies”.

However, experts also draw attention to the persisting challenges alongside advance-
ments. One significant hurdle is the development of virtual environments that are uni-
versally accessible. Despite advancements, a one-size-fits-all solution remains elusive, as
Expert 4 points out: “Creating a universally accessible Metaverse is a complex task, owing
to the diverse needs of users with disabilities”. Expert 11 adds, “Ensuring everyone has
access to the necessary hardware and software remains a crucial hurdle. Affordable and
adaptable VR equipment, inclusive interface design, and internet connectivity are essential
to prevent further marginalization”. This complexity is further compounded by the rapid
pace of technological advancements in virtual reality and related fields, making it a moving
target for developers and designers.

The advancements in improving accessibility in the Metaverse have drawn attention
to another significant issue: the need for interoperability and compatibility with a diverse
array of assistive technologies and to be fully accessible for persons with disabilities who do
not use assistive technologies. This is not only about creating new tools but also ensuring
smooth integration with existing technologies. Expert discussions have highlighted the
importance of addressing this challenge to realize the potential of the Metaverse fully.
Expert 6 underscores the complexity of this issue, stating, “Users who are blind or visually
impaired will require screen reading and audio description features in the Metaverse,
designed to be a more visually immersive environment than today. This is already a huge
challenge to deal with”. Expert 5 echoes these concerns by emphasizing the pivotal role of
compatibility in the Metaverse. “Ensuring compatibility with various assistive technologies
is a key challenge in the Metaverse, requiring ongoing innovation and adaptation”. This
emphasizes the dynamic nature of the challenge at hand; as technology advances, so
must the efforts to ensure compatibility. Continuous innovation highlights the need for a
proactive approach to tackle the ever-evolving landscape of assistive technologies.

The recurring theme of the necessity for ongoing research and development to tackle
these challenges is evident. As the Metaverse continues to progress, it is essential that the
technologies facilitating accessibility within it also evolve. Expert 6 highlights the potential
role of generative AI in creating more personalized and adaptive virtual environments,
suggesting, “Generative AI could revolutionize the way we approach accessibility in the
Metaverse, offering more personalized solutions for users with disabilities”.

The Metaverse faces a significant challenge because it incorporates a diverse range of
technologies, tools, and environments, which can pose difficulties in achieving the desired
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outcome. While there may be some features that are accessible, it is possible that they may
not work well for everyone due to potential conflicts in accessibility. In conclusion, the
findings from the experts indicate a dynamic landscape where technological advancements
for enhancing accessibility in the Metaverse are continually emerging. While substantial
progress has been attained, the path toward a completely inclusive Metaverse remains an
ongoing endeavor characterized by obstacles that necessitate innovative solutions and an
unwavering dedication to perpetual enhancement. The insights shared by these experts
emphasize the importance of a coordinated effort in research, development, and design to
surmount these challenges and unlock the full potential of the Metaverse for all users.

4.3. Ethical and Legal Implications

Examining the ethical and legal ramifications in constructing an inclusive Metaverse,
as elucidated by the experts’ perspectives, discloses a complicated landscape in which
ethical dilemmas and legal obligations intersect substantially with technological progress.

According to the experts, the development of the Metaverse must prioritize ethical
considerations, particularly in ensuring accessibility for individuals with disabilities. They
emphasize the need for non-discrimination and equal access in this regard. As Expert 1
remarks, “It’s essential that the Metaverse is developed with ethical considerations at the
forefront, ensuring that no individual is disadvantaged or excluded based on their abilities”.

The issue of privacy is of particular concern, particularly for individuals with disabili-
ties who rely on specialized and potentially intrusive assistive technologies. Expert 5 points
out the intricacies of privacy in the Metaverse, stating, “Privacy takes on a new dimension
in the Metaverse, especially when we consider users who may need assistive technologies
that are deeply integrated into their virtual experiences”. Moreover, Expert 11 underscores
the importance of data privacy and security within the Metaverse, highlighting the highly
personal nature of avatars and interactions, which raise concerns about data privacy and
the potential for discrimination based on virtual representations. Robust security measures
and ethical guidelines are necessary to protect users and prevent misuse.

The legal implications surrounding the Metaverse are equally intricate. Experts sug-
gest that existing digital accessibility regulations, such as the Americans with Disabilities
Act (ADA), should be reassessed and potentially expanded to include the distinct char-
acteristics of the Metaverse. Expert 7 underscores this need: “The legal frameworks that
govern digital accessibility, such as the ADA, must evolve to stay relevant in the context of
the Metaverse’s unique challenges and opportunities”.

The challenge of establishing universally accepted legal and ethical standards for
the Metaverse is a significant concern among experts, given its global nature surpasses
traditional legal jurisdictions. This complexity raises concerns about effectively enforcing
accessibility standards within the Metaverse. Expert 3 elaborates on this: “Developing
and enforcing standards for digital accessibility in the Metaverse is challenging due to its
international reach and the rapid pace of technological change”.

Experts also discuss the need for governance structures that can oversee the ethical and
legal aspects of the Metaverse. They advocate for including stakeholders with disabilities
in these governance mechanisms to ensure that their voices are heard and their needs are
addressed. As Expert 4 suggests, “Inclusive governance structures are needed to ensure
the Metaverse is developed and managed in a way that respects the rights and needs of all
users, especially those with disabilities”. Expert 8 further reinforces the need for apparent
authority in the Metaverse. “In the context of the Metaverse, it’s crucial to establish a clear
authority responsible for safeguarding the rights and well-being of people with disabilities”.
This underscores the imperative need for a centralized authority or framework that not only
establishes ethical guidelines but also proactively oversees and safeguards the interests of
individuals with disabilities.

Additionally, Expert 11 brings attention to another critical aspect, emphasizing the
need for careful consideration regarding the ethical implications of embodiment and
identity in the Metaverse. “The immersive nature of the Metaverse raises questions about
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the blurring lines between real and virtual identities. Careful consideration is needed
regarding the implications for mental health, ownership of virtual representations, and
potential exploitation”.

In conclusion, while expert opinions have highlighted the multi-faceted ethical and
legal challenges in crafting an inclusive Metaverse, it is crucial to also acknowledge and
address the potential for harassment, which represents a significant barrier to accessibility.
This oversight underscores the imperative for a more holistic approach, necessitating on-
going dialogue and collaboration not just among technologists, legal professionals, and
policymakers but also with the disability community to mitigate such risks. Achieving
ethical and legal integrity in the Metaverse extends beyond technological innovation to en-
compass a societal commitment to safeguarding inclusivity against all forms of harassment,
thereby ensuring a truly accessible digital realm for every user.

4.4. Framework for an Accessible Metaverse

The experts have identified a comprehensive framework for an accessible Metaverse.
This framework unites a variety of principles and strategies that are designed to cultivate
an all-inclusive digital realm. This framework functions as a guiding principle, lead-
ing towards a Metaverse in which accessibility is not merely an optional element but a
fundamental cornerstone.

• Integrating Advanced Technologies for Accessibility: At the center of this framework
is the incorporation of state-of-the-art technologies specifically created to improve
accessibility through sophisticated assistive technologies and digital accessibility so-
lutions. This involves utilizing virtual reality (VR) and augmented reality (AR) to
surpass conventional accessibility limitations. The aim is to harness these technologies
for their immersive properties and capitalize on their potential to create adaptable
and responsive environments that cater to the wide-ranging needs of individuals
with disabilities. Moreover, cryptocurrency and blockchain can significantly benefit
persons with disabilities by enhancing transparency, reducing transaction costs, and
providing digital identity solutions. These technologies can facilitate direct money
transfers, bypassing intermediaries and reducing graft, which is particularly valuable
for individuals relying on remittances or aid. Blockchain’s ability to securely and
transparently manage transactions and records can also support the creation of more
accessible and inclusive financial and social systems for persons with disabilities.

• Emphasizing User-Centric Design: The framework underscores the importance of
user-centric design, which revolves around the principle that users, particularly those
with disabilities, ought to have a substantial influence on their experiences within the
Metaverse. This entails devising environments that are not only accessible but also
adaptable to individual preferences and requirements. The focus on personalization
and user-friendly interfaces is crucial in this approach, guaranteeing that each user
encounters the Metaverse as a realm where their specific needs are addressed through
intuitive and uncomplicated means.

• Universal Access as a Foundational Principle: A critical aspect of this framework is
the principle of universal access. It emphasizes the importance of designing virtual
environments that are inclusive and accessible to individuals of all abilities, promoting
a culture of inclusivity that leaves no one behind. This involves a proactive approach
to accessibility, incorporating it into the development process from the beginning
rather than simply adding it as an afterthought.

• Social and Economic Inclusion: The framework emphasizes the significance of social
interaction and economic participation in fostering an inclusive Metaverse. It advo-
cates for establishing a digital economy within the Metaverse that is accessible and
inclusive, providing individuals with disabilities with opportunities for economic
empowerment and social engagement. This dimension encompasses the broader
concept of accessibility, which extends beyond physical and technological barriers to
encompass economic and social considerations.



Multimodal Technol. Interact. 2024, 8, 21 13 of 18

• Global Standards and Governance: Finally, the framework calls for establishing global
standards and governance structures that advocate for and enforce accessibility in
the Metaverse. Developing universal guidelines that are not limited by geographical
boundaries and ensuring that accessibility in the Metaverse is a constant rather than a
variable requires a collaborative approach to governance. This approach should in-
volve the participation of various stakeholders, including individuals with disabilities,
in decision-making processes. By taking this approach, we can ensure that accessibility
in the Metaverse is not just a goal but a reality for all users, regardless of their physical
or cognitive abilities.

The framework proposed, depicted in Figure 2, contemplates a Metaverse that is
fundamentally grounded in accessibility, encompassing both technological and design
elements and social and economic participation. It adopts a comprehensive approach,
recognizing the multi-faceted character of accessibility and to tackle it through the fostering
of innovation, empathy, inclusivity, and cooperation. This framework serves not only as a
roadmap for a more accessible digital realm but also as a call to action for a more inclusive
future in the virtual world.
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To address the vital need for inclusivity in the Metaverse, our proposed framework
delineates a multi-faceted approach, integrating advanced technologies, user-centric design,
universal access principles, social and economic inclusion strategies, and global standards
for governance. At its core, the framework employs state-of-the-art technologies such as
VR and AR to transcend traditional accessibility barriers, offering immersive and adaptable
environments tailored to diverse user needs, including those with disabilities. Emphasizing
user-centric design, the framework ensures that environments within the Metaverse are
developed with direct input from users, especially those with disabilities, allowing for per-
sonalization and ease of use. The principle of universal access is foundational, advocating
for the inclusion of all individuals from the onset of the development process rather than
as an afterthought, thereby embedding accessibility into the fabric of the Metaverse. Social
and economic inclusion is promoted by fostering opportunities for economic empowerment
and social interaction within a digital economy that is accessible to everyone. Lastly, the
establishment of global standards and governance structures aims to advocate and enforce
accessibility across all regions, with the involvement of various stakeholders, including
those with disabilities, in decision-making processes. This comprehensive framework not
only serves as a guideline for creating a more accessible digital realm but also as a call to
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action for stakeholders across the spectrum to collaborate towards an inclusive Metaverse.
Implementing this framework involves a collaborative effort among developers, policy-
makers, accessibility experts, and the community of users with disabilities, ensuring that
the development processes of the Metaverse inherently consider and address the diverse
needs of all users, thereby making inclusivity a reality in this burgeoning virtual space.

4.5. Future Research and Policy Recommendations

The provision of future research and policy recommendations based on expert insights
serves as a guide for cultivating an inclusive digital landscape in the Metaverse. These
suggestions encompass a broad spectrum of initiatives, from technological advancements
to policy reforms.

4.5.1. The Support for Continuous Accessible Metaverse Research

In recognizing the importance of continuous advancement in technologies that en-
hance accessibility in the Metaverse, our research underscores the necessity for specific
future investigations. Critical areas requiring further exploration include the development
and integration of cutting-edge assistive technologies tailored to meet the varied needs of
individuals with disabilities. This entails pioneering the use of artificial intelligence and
machine learning to create adaptive and fully inclusive virtual environments. Additionally,
there is a pressing need to examine how these technologies can facilitate seamless interac-
tion and navigation within the Metaverse for users with disabilities. To this end, future
research should focus on developing practical, user-centered design methodologies that
incorporate feedback from individuals with disabilities, ensuring the Metaverse is an acces-
sible, engaging, and empowering space for all users. As Expert 6 suggests, “Investigating
the potential of AI and machine learning in creating adaptive virtual environments could
be pivotal in making the Metaverse more accessible”.

4.5.2. Enhancing User Experience for Individuals with Disabilities in the Metaverse

Another significant area for research is the user experience of individuals with disabil-
ities within the Metaverse. Understanding their challenges and preferences is crucial for
designing more inclusive virtual spaces. Expert 1 emphasizes this, stating, “Future research
should focus on the lived experiences of individuals with disabilities in the Metaverse to
tailor the environment to their needs”. There is also the risk of sensory overload. Expert 7
highlights this: “The Metaverse may incorporate a range of sensory inputs (visual, auditory,
haptic). How can we ensure this doesn’t lead to sensory overload, especially for individuals
with sensory processing disorders?”.

4.5.3. Policy Interventions for an Inclusive Metaverse

Policy interventions also play a critical role in shaping an inclusive Metaverse. Ex-
perts advocate for developing comprehensive policies that address digital accessibility at
a foundational level. This includes revising existing digital accessibility laws and regu-
lations to encompass the unique aspects of the Metaverse. Expert 7 points out, “Current
digital accessibility regulations need to be expanded and adapted to ensure they apply to
the Metaverse”.

4.5.4. International Collaboration for Global Accessibility Standards

The establishment of global standards for accessibility in the Metaverse is another area
where policy intervention is necessary. Given the Metaverse’s global nature, international
collaboration in formulating these standards is essential. Expert 3 notes, “Creating universal
accessibility standards for the Metaverse requires international cooperation to ensure
consistency and efficacy”.
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4.5.5. Inclusive Governance and Representation in Metaverse Policy

Furthermore, experts call for policies that promote the inclusion of individuals with
disabilities in the design and governance of the Metaverse. Ensuring their representation
in decision-making processes is key to developing an environment that truly caters to
their needs. As Expert 4 articulates, “Policies must be put in place to guarantee the active
participation of individuals with disabilities in shaping the Metaverse”.

In conclusion, the experts‘ insights provide a comprehensive outline for future research
and policy interventions to cultivate an inclusive digital environment in the Metaverse.
These recommendations highlight the importance of continuous technological innovation,
the need for empathetic and user-centered research, and the critical role of policy in guiding
the development of an accessible and equitable virtual world.

One limitation of our study is the possibility of bias. Despite our efforts to minimize
biases, the inherently subjective nature of certain data collected and the biases existing
within the experts involved may have impacted the outcome of the study. We prioritized
methodological rigor in all aspects of our research to address the limitations of our study.
Methodological rigor, through the establishment of clear and transparent criteria for data
collection, analysis, and interpretation, is one way to minimize bias in research [56]. In
addition, we recommend that future studies in this field consider broadening the pool of
experts to include individuals from a variety of diverse backgrounds and perspectives.

5. Conclusions

The present study aimed to analyze the current state of inclusivity and accessibility
in the Metaverse and identify areas where it could be enhanced. Eleven experts were
consulted to provide their perspectives on the Metaverse’s current state, its underlying
principles, and the challenges and opportunities it presents. The results indicate a mixed
level of inclusivity within the Metaverse, with progress made in incorporating assistive
technologies and gaps in ensuring interoperability across various virtual environments. A
comprehensive theoretical framework is proposed to facilitate further research and inform
policy interventions aimed at promoting inclusivity in the Metaverse.

The key findings underscore the pivotal role of integrating individuals with disabilities
in the design and development of the Metaverse, as it ensures the incorporation of their
unique perspectives into creating an inclusive virtual world. The recommendations em-
phasize the necessity of ongoing technology innovation to address accessibility challenges
while highlighting the need for continuous research and development to keep pace with
evolving needs. Accessibility in virtual environments is paramount, and policy plays a
pivotal role in ensuring its implementation. A comprehensive policy framework should
prioritize inclusivity and foster awareness among developers and users. By investing in
training and educational programs, developers are equipped with the necessary knowledge
and skills to design accessible virtual worlds. The active involvement of individuals with
disabilities, coupled with investments in technology innovation and the implementation of
inclusive policies, results in a virtual world that is enriching and empowering for all users.

Continuous research, development, and policymaking are vital to guarantee that the
Metaverse remains an inclusive and empowering space. It is essential to stay current with
the most recent advancements and accessibility requirements. This entails examining the
needs and experiences of individuals with disabilities in virtual settings and developing
innovative technologies and tools. Continuous policymaking is necessary to establish
guidelines that foster accessibility and inclusivity. The collaboration among technology
companies, accessibility experts, and disability advocacy organizations is crucial to address-
ing specific challenges and developing innovative solutions, paving the way for a more
inclusive and accessible Metaverse where all individuals can actively participate, engage,
and thrive.
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Appendix A

The following questions were posed to the experts:

1. What are the key elements and principles of the Metaverse? How do they relate to
digital accessibility?

2. How do you define digital accessibility within the context of the Metaverse?
3. What theoretical advances can be made in the field of digital accessibility through

the exploration of the Metaverse, and what opportunities and challenges does this
present for disability empowerment?

4. What are the most important theories or models related to digital accessibility in the
Metaverse? How can they be integrated into a cohesive framework?

5. How can we ensure that the Metaverse is designed/co-designed and developed to be
inclusive and accessible to all users, regardless of their abilities?

6. How can the Metaverse be leveraged as a tool for generating insights into the expe-
riences of individuals with disabilities in digital spaces, and what specific use cases
illustrate the potential of the Metaverse for advancing our understanding of digital
accessibility and disability empowerment?

7. What impact do emerging technologies such as cryptocurrency and blockchain have
on the development of the Metaverse, and how might these advances shape the
accessibility and inclusivity of the Metaverse for individuals with disabilities?

8. What are the existing technological solutions, tools, or best practices for enhancing
digital accessibility in the Metaverse?

9. What are the broader implications of the Metaverse for disability empowerment and
digital accessibility, and how might these impact societal attitudes towards disability
and accessibility more broadly?

10. To what extent is the Metaverse currently inclusive for people with disabilities, and
what specific challenges remain in ensuring that individuals who are visually impaired
can fully participate and benefit from this new digital space?

11. How can stakeholders in the Metaverse ecosystem, including developers, policymak-
ers, and disability advocates, collaborate to ensure that the Metaverse creates value
and promotes well-being for people with disabilities?

12. Are there any ethical or legal considerations related to digital accessibility in the
Metaverse? How can these be addressed within the theoretical framework?

13. What are the most pressing areas for future research in the field of the Metaverse and
digital accessibility, and what questions remain unanswered in our understanding of
this new frontier?
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