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ARTICLE INFO ABSTRACT

Keywords: Today, the Metaverse consists of various platforms, including digital twins of the physical world
Memver_se as well as virtual and blended digital-material environments that offer immersive experiences for
Innovation individual users. By going beyond solely physical or virtual realms, these platforms unlock new
Generative Al eqes . . . . . . . .

Collaboration possibilities for exploration, experimentation, and interaction. This makes it possible to transcend
Sustainability the limitations of innovation processes confined to physical locations, so the Metaverse is thus
Creativity poised to drive groundbreaking innovations. This article explores the Metaverse as an innovation

ChatGPT platform, its opportunities and challenges, including the role of generative Al in it. It discusses
how the Metaverse, as a collaboration, creativity, and technological platform, supports innova-
tion potential. By embracing the possibilities and challenges offered by the Metaverse and
leveraging the capabilities of generative AI within it, a future in which individuals can truly
explore novel synergies between the physical and digital realms, thriving various kinds of in-
novations. It is crucial to achieve holistic sustainability impacts both within the Metaverse
innovation platform and as its outputs.

1. Introduction

The Metaverse is an interconnected, persistent 3D virtual spatial environment, sometimes termed Web 3.0 or 4.0, encompassing
real-time interactions between users, devices, and data. Scholars and other stakeholders have diverse perspectives on the Metaverse,
leading to varied interpretations.

The industrial Metaverse for businesses integrates 3D digital twins to simulate and experiment with real-world processes, enhancing
decision-making through virtual replicas of physical entities and real-time data analysis, with the rapidly growing Internet of Things
(IoT) being a key component. The enterprise Metaverse supports collaborative work and team building across distances and provides
virtual showrooms for product and service presentations. In this sphere, virtual land, goods, art, and accessories can be rented, bought,
and sold. The governmental Metaverse offers digitized public services, allowing users to choose between physical and virtual access. It
can digitize existing services or introduce new, digital-only services, facilitating public sector efficiency. The consumer Metaverse for
people is a virtual or blended digital-material environment for social interactions with other people and digital objects to engage, play,
work, and explore. With immersive images, sounds, and other sensations, it provides the Internet with a sense of place, being there
with identity and digital assets (Sparkes, 2021; Mystakidis, 2022; Kshetri and Dwivedi, 2023; Schobel and Leimeister, 2023; Tang
et al., 2023; World Economic Forum 2023).

Generative Al is becoming an integrated element in the Metaverse. Al algorithms generate new outputs such as text, images, audio,
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video, and more based on the data they have been trained on. They have deep learning and imitation capabilities in natural language
use. For example, generative Al chatbots generate informative and suggestive human-like responses to user input. They create real
conversational situations with people in an interactive chat environment (Aydin and Karaarslan, 2023). Integrating generative Al into
Metaverse creates personalized and engaging experiences based on dynamic virtual environments in which content adapts and re-
sponds to users’ actions. All this enhances interactions between chatbots and humans and generates cross-domain insights. Further-
more, creating virtual-spatial 3D content, including elements, images, and sounds, will become substantially easier, thus supporting
the potential for innovative interactions in the Metaverse (Lv, 2023). In early 2024, companies produced automated content gener-
ation and non-player characters for the Metaverse gaming platforms (Docomo, 2024).

As discussed later in this article, the Metaverse is highly relevant for the emergence of innovations and broader innovation pro-
cesses. It transforms the way people engage with technology and how they interact simultaneously with both physical and digital
realms. By being able to reach beyond purely physical-material realms and even beyond digital-virtual realms, the Metaverse unlocks
possibilities for exploration, experimentation and interaction in ways never before experienced (Dwivedi et al., 2022; Mystakidis,
2022). Real-time interactions in virtual and blended environments support participants’ creativity, networking and resources, which
are key elements behind an innovation ecosystem (del-Corte-Lora et al., 2023). The Metaverse also supports novel practical solutions in
digital entrepreneurship along development of technology, immersion and design as well as offering possibilities for new business
worlds with private and public solutions, co-design and participation in collaborative spaces as well as more conventional themes of
gamification and digital twins (Calandra et al., 2023).

In addition to human-to-human interactions, interactions between humans and machines, including with generative Al, play a role
in this innovation-oriented Metaverse environment. There is a need to study to what extent generative Al will be relevant in triggering
innovation outcomes (Dwivedi et al., 2022; Liu and Shiu, 2024; Mariani and Dwivedi, 2024). For example, generative Al poses a
fundamental disruption to the traditional innovation cycle by both complementing and sometimes replacing human-led innovation. It
creates, sometimes systematically implemented in hybrid human-machine teams, opportunities for innovations through idea gener-
ation and dynamic problem solving for text summarization, unconventional designs and speedy testing for product and service
improvement that enable a rate of change unseen in the industrial and service sectors (Bouschery et al., 2023; RSM, 2023). By 2024,
generative Al chatbots like ChatGPT have been used for idea creation and innovation prototyping (Bilgram and Laarman, 2023).
Chatbot avatars can serve in innovation processes as mediators and collaborators, providing useful information, support and re-
flections on anything, anytime and anywhere. Material and virtual avatars and robots learn by themselves through a self-guided
propose-generate-learn cycle or from other machines (Wang et al., 2023c). This learning can also be automated, accelerating the
emergence of innovations.

Currently, the Metaverse with generative Al is still in the early development phase within ongoing broader global socio-
technological transformations (Lee et al., 2023). The Metaverse has the potential to become a catalyst for groundbreaking in-
novations, surpassing many limitations of face-to-face encounters of innovation processes in physical locations. Therefore, the po-
tential of the Metaverse regarding innovations needs to be discussed, including how innovations could be achieved within the
Metaverse and in the physical material world outside of it. As discussed later in this article, Generative Al will become a key element in
such innovation processes.

Referring to the state of the art of the Metaverse, one can observe how related technologies have undergone rapid evolution.
Remarkable advancements have already been achieved in immersive technologies, creating a profound sense of presence, engagement,
and immersion there. The forthcoming 6G networks in the 2030s are set to unleash a tremendous surge in data flow, ubiquitous
connectivity, ultra-low latency, ultra-high capacity and reliability, and strict security (Tang et al., 2023), thereby enabling the real-
ization of numerous facets of the Metaverse. The lack of substantial computational power and data transfer, particularly for
hyper-analytical quantum computing, still poses significant challenges to its global expansion (Lee et al., 2023; Wang et al., 2023a).

However, despite the unknown future of the Metaverse, several countries, regions and cities worldwide are developing strategies
that specifically focus on the development and use of the Metaverse. The cases include, for example, the United Arab Emirates, China,
Saudi Arabia, Singapore, the Republic of Korea, and Finland, as well as Dubai, Helsinki, London, Los Angeles, New York, Seoul, and
Shanghai. These strategies aim to promote advanced technologies and related businesses and administration in the respective places on
which the strategies focus (Kshetri, 2023). Many of these strategies hold a vision that the Metaverse will be significant from the latter
2020s onward. It has been suggested that the Metaverse may make up to 5000-13,000 billion USD in impact by 2030 (McKinsey, 2022;
World Economic Forum, 2023).

This article addresses innovation processes within the Metaverse, where innovation is characterized as creating entirely new or
novel elements for a defined context. Innovation takes various forms, encompassing new products, services, processes, production or
organizational methods, business models, and market expansions. This notion aligns with the early conceptualizations of innovation
put forth by the esteemed innovation scholar Joseph Schumpeter (1934) and updated, for example, by the Organization for Economic
Co-operation and Development in their Oslo manual in 2005 (OECD, 2005). Innovation can thus be seen as an input for better per-
formance, a process requiring individual or collective creativity, or an output as a novel product or service (del-Corte-Lora et al., 2023).
While innovation can stem from an individual, it frequently emerges through collaborative endeavors with various stakeholders
focused on attaining a shared objective (Nelson, 2018). Such collaborative efforts for creativity may entail networking, partnerships,
teamwork, or a combination thereof occurring at various stages of the innovation process. These interactions are crucial in translating
ideas into innovations that add value to social and economic spheres (Paulus and Nijstad, 2003; Beyerlein et al., 2006).

The questions addressed in this article are as follows: What is the current state-of-the-art regarding innovation processes within the
Metaverse? What opportunities and challenges regard the Metaverse as an innovation platform? How can generative Al support the
Metaverse innovation platform?
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Following this introduction, the article discusses theoretical approaches regarding the emergence of innovation within the context
of the Metaverse. These theories shed light on how knowledge and ideas can drive innovative outcomes in virtual and blended en-
vironments, including when people venture to realms not yet discovered and collaborate more intensively with machines supported by
generative Al. Drawing insights from recent academic literature and Metaverse trends envisioned by organizations and industry
leaders, the remaining sections explore distinctive opportunities that the Metaverse offers, such as technology, collaboration, and
creativity innovation platforms. The main focus of this article is on consumer (people’s) Metaverse. The article explores the creation
and use of the Metaverse innovation platform, examining its sustainability impacts and highlighting opportunities stemming from the
application of generative Al Finally, the conclusion synthesizes key findings, offering suggestions for further research topics and policy
considerations.

2. Theory: the Metaverse and the innovation processes and platforms

The Metaverse itself is a significant socio-technical innovation. In the early 2020s, the Metaverse gained increasing interest across
various domains, including technology, gaming, social media, and finance (Mystakidis, 2022). Furthermore, there has recently been a
rapid rise in the number of peer-reviewed academic articles on the Metaverse, with thousands of publications annually, indicating a
growing interest in the topic (Anon 2). However, the potential of the Metaverse to support the emergence and development of in-
novations has received limited academic or applied attention thus far. The lack of such emphasis can be attributed to several factors.

First, as mentioned, a fully established overall definition for the Metaverse is lacking (Mystakidis, 2022; Dolata and Schwabe,
2023). This poses a challenge in determining the specific setting that should be explored when considering it as a potential platform for
innovation. It is unlikely that in the future, there will be only one Metaverse except if it is used as a concept to cover all different
digital-virtual immersive platforms.

Second, most research on the Metaverse has primarily concentrated on its technological aspects, delving into its intricacies and
underlying technical infrastructure (Park and Kim, 2022), or speculating about its future. However, there has been limited exploration
of Metaverse’s potential for innovations beyond its technological components (Hollensen et al., 2023).

Third, as the realization of a unified Metaverse remains uncertain and even unlike, various digital platforms developed thus far
have focused primarily on specific domains such as digital gaming and other entertainment in the consumer Metaverse, as well as the
creation of digital twins as digitally constructed replicas of the physical world entities in the industrial Metaverse (Aloqaily et al.,
2022). These gaming, working, entertaining and consuming platforms, such as CryptoVoxels, Decentraland, Fortnite, High Fidelity,
Meta Horizon Worlds, Metropolis, Microsoft Mesh, NeosVR, Nvidia Omniverse, Roblox, Simulacra, Somnium Space, The Sandbox,
Upland, and VRChat, to name a few, have been predominantly examined within the context of their specific use cases, rather than
being considered broader catalysts or barriers for innovation in a more comprehensive Metaverse ecosystem.

Fourth, since late 2022, generative Al has overshadowed the Metaverse in public and private interest, notably after OpenAl
released its ChatGPT-3.5. Subsequent advancements in tools such as Meta’s Llama, Google’s Gemini, and Microsoft’s Copilot,
alongside image and animation creators like DALL-E, Midjourney, and DeepBrain, have broadened generative AI's appeal. Google
searches for “ChatGPT” have vastly outnumbered those for “Metaverse” each month since December 2022, with interest in the
Metaverse decreasing by half by 2023. By mid-May 2023, searches for “generative AI” consistently surpassed those for the Metaverse,
with a single exception in October 2023 (Google Trends, 2024). In contributing to this perception of the Metaverse’s slowed devel-
opment, Meta, Inc., a significant Metaverse advocate, shifted its focus to generative Al in 2023 (Marr, 2023). Generative Al is expected
to become a key component in various industries and services, including digital environments like the Metaverse.

2.1. Innovation processes through the Metaverse

Innovation is intricately woven into the fabric of the Metaverse, shaping how people engage in social activities for improved
performance, drive creative processes, and bring forth new products and services as well as new modes of entrepreneurship and
business (Calandra et al., 2023; del-Corte-Lora et al., 2023). The development and utilization of the Metaverse are poised to instigate
broader transformations in social, economic, institutional, and behavioral realms, serving as fundamental drivers of innovation
(Kochetkov, 2023). Notably, each technology introduced contributes distinctive features to users’ presence within the Metaverse.

For instance, virtual reality (VR) technologies offer fully simulated virtual environments that users can explore and interact with.
As explained later, such environments have potential for innovation development. Typically, VR experiences require the use of
headsets or similar devices. However, the global number of headsets in use is still limited. Approximately 21.8 million VR devices were
sold in 2023, when the estimated number of VR users was 171 million worldwide (Kolmar, 2023; Statista, 2023a). Therefore, only a
few percent of the global population are VR users, which limits the global dimension of VR-based Metaverse and its use for innovation
processes among the wider population.

On the other hand, augmented reality (AR) technologies merge physical and digital worlds by overlaying digital content onto real-
world views. Although AR is less immersive than VR and not a core part of the Metaverse, it introduces a unique blend of material and
digital experiences. Through specialized headsets, smartphones, or computers, AR has reached broad audiences with applications such
as Pokémon Go and is widely used in training and educational contexts. In 2023, the number of AR-capable devices reached 1.4 billion,
which is significantly higher than the number of VR devices; however, these devices still do not cover the global population of 8.1
billion or 5.2 billion internet users (Statista, 2023b, 2023c). For some applications, mixed reality (MR) incorporates elements of VR and
AR in a single experience.

Immersion in blended environments is critical for delivering novel experiences, as users will not return to the Metaverse if the
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experience does not dramatically improve from the early 2020s (Nasdaq, 2023). In this regard, extended reality (XR) technologies play
a pivotal role in Metaverse platforms. XR encompasses a variety of computer-generated hardware and software solutions that facilitate
seamless transitions between a spectrum of VR and AR experiences. This capability allows for more immersive, interactive, and
multi-sensory interactions with digital content. The Metaverse is expected to harness the foundations of XR, leveraging these tech-
nologies to unlock new dimensions of interaction and engagement (Stanney et al., 2021). However, certain aspects of the Metaverse
can also be achieved through smartphone usage, eliminating the necessity for dedicated VR devices. Furthermore, combining
generative Al and immersive technologies is expected to bring remarkable new opportunities for innovation processes in the Metaverse
(Lee et al., 2023; Lv, 2023; Mariani and Dwivedi, 2024).

Inspecting innovation processes more closely, innovations do not appear from nothing, but their emergence requires the
convergence of several factors. These include an idea, prior knowledge of that idea, and the iterative combination of knowledge and
idea into innovation that fits into a context. Interpreting existing knowledge and novel perspectives are needed to transform ideas into
innovative products, services, and solutions (Fig. 1). Collaboration, creativity, and technology are key elements of Metaverse as an
innovation-supporting platform.

In a world with extended access to existing knowledge through the Internet, collaboration is increasingly required to process
knowledge into ideas and further innovations. Effective interaction among stakeholders in innovation processes is facilitated by shared
values, norms, attitudes, and goals. This mutual alignment encourages the free exchange of information and knowledge, fostering the
necessary trust between participants to explore topics (Nilsson and Mattes, 2015) creatively. Given the inherent uncertainty in
reaching innovations, trust becomes a crucial element in the process of idea generation. This underscores the significance of social
dimensions in the generation of innovations (Dovey, 2009; Kochetkov, 2023).

In the past, humans were solely responsible for interpreting knowledge, either through individual experimentation or through
collaboration. However, with the advent of sophisticated machines such as computers with machine learning and generative Al
chatbots, innovation-related collaboration from knowledge into ideas and further toward innovations also increasingly occurs between
humans and these ‘clever’ machines, including with robots and avatars, or between such machines themselves (Anon 1; Anon and
Anon 3). In this context, creativity as generation or making use of new ideas with a novel approach is no longer confined to a purely
human domain, as generative Al takes part in creative tasks (Amabile, 2020; Rezwana and Maher, 2022; Qin and Hui, 2023; Vinchon
et al., 2023; Liu and Siau, 2024; Mariani and Dwivedi, 2024).

In the Metaverse, the innovation process becomes an interplay between the environment and human-machine collaboration in
creating novel and impactful products, services, and organizational approaches within a social context. Crucial in this interactive
process is that stakeholders, whether humans or machines, understand each other well enough to facilitate collaboration and creativity
while maintaining a certain level of diversity. Suitable cognitive proximity fosters novel perspectives needed for achieving innovations
(Anon and Anon 1; Men et al., 2020).

Human collaboration with generative Al provides highly user-centered and continuously updated solutions. Generative Al chatbots
can significantly support innovation managers in processing the vast amount of information and big data needed in the innovation
process. With sophisticated iterative prompting, innovation managers can ask better questions, systematically scan topics related to
proto-innovation, and receive relevant answers from generative Al It can articulate and select more challenging problems, generate
concepts, and find solutions. Creative insights minimize creative blind spots in identifying opportunities for innovations (Bouschery
etal., 2023; Kakatkar et al., 2020). Many tasks can be delegated to generative Al such as ChatGPT, from ideation to early prototyping,
including text summarization and sentiment analysis, to explore user perspectives and customer insights. Early tests indicated that
these lead to faster iterations and reduced costs in developing innovations (Bilgram and Laarmann, 2023). The key task of humans is to
understand which problems should or could be addressed (Verganti et al., 2020).

However, some scholars express skepticism regarding the ability of generative Al chatbots to effectively support innovation pro-
cesses. Not all individuals trust generative Al in innovation processes, at least thus far. Many generative Al chatbots still exhibit
hallucinations, providing nonsensical, unfaithful, inaccurate, or misleading information in response to given inputs. While their
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Fig. 1. Innovation processes through the Metaverse. Modified from Anon 1.
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language may appear correct, the content can be false or harmful to users. Moreover, these tools are trained on databases containing
biased material, producing information that users may overly rely on or misuse (Nah et al., 2023). Cybersecurity concerns also come
into play, as some generative Al tools utilize users’ prompts and material to further train the large language models (LLMs) upon which
they are built.

In addition to being able to interpret knowledge and support idea creation, an idea needs to be transformed into innovation. This
necessitates contextualization and design (Fig. 1). The contextualization of innovation can encompass physical environments in close
proximity, distant geographical locations or immaterial digital environments. Presently, various digitally mediated virtual,
augmented, and extended realities seamlessly blend with the physical environment in diverse combinations. This immersion in these
blended environments encompasses sensory-motor, cognitive, emotional, and spatial dimensions (Bjork and Holopainen, 2005).
Blended environments support the transformation of ideas into innovations as they expand beyond anything experienced so far by
anyone. Innovations in immersive blended environments of expanding reality (Anon 1) indicate how innovations are intrinsically
coupled with the environment (Peschl and Fundneider, 2014).

Finally, design is necessary as a means through which ideas are translated into innovative tangible reality and related products and
services. In this process, visual, methodological, and procedural design components synergistically function as an organizing principle
that facilitates the materialization of innovations (Herndndez et al., 2018). Increasingly, machine-supported design with generative Al
is being utilized to augment the design process and its visualization and make it faster. Rapid advancements in open generative Al
models have propelled significant strides in innovation design, particularly in the graphical and visual domains (Lv, 2023). Generative
Al supported visualization regards both images and animation. However, advanced visual processing requires substantial computa-
tional power.

3. Material and methods

There is not yet a global Metaverse platform, making it challenging to empirically validate its potential for innovation. Innovations
with generative Al have been scarcely addressed so far. Mariani and Dwivedi (2024) have found that academic research on generative
Al in innovation studies, particularly in innovation management, is in a very early stage. In contrast, related research by industry is a
little further.

Therefore, this article is based on a comprehensive review of the most recent literature, incorporating insights from several aca-
demic studies focused on combining innovation, immersive digital environments, and generative Al. Additionally, this review con-
siders recent business trends in Metaverse development related to innovation, alongside projections regarding the integration of
generative Al into the Metaverse and its anticipated effects. These projections suggest that generative Al will not only enhance the
functionality and user experience within the Metaverse but also drive significant advancements in how digital platforms foster
creativity, collaboration, and innovation. The main reference material is discussed in the article, also in Section 4 (for example, Duwe
et al., 2022; Verganti et al., 2020; Bouschery et al., 2023; Liu and Siau, 2024; McKinsey and Company, 2022; Nah et al., 2023; Qin and
Hui, 2023; RSM, 2023; World Economic Forum, 2023; Docomo, 2024; Mariani and Dwivedi, 2024). Academic materials were traced
from Google Scholar, Web of Science, and Scopus with keywords including “Metaverse”, “innovation” and “generative AI”, and
non-academic material was searched with Google with the same keywords. The analysis proceeded by identifying and grouping
inductively the key themes that are reported and discussed in Section 4.

In addition, the exploration of theory building in this article extends to reflections from personal experiences gained through
engagement with various non-gaming Metaverse platforms. These first-hand interactions have provided valuable insights into the
current state of the Metaverse for innovation development, its user interface and interaction mechanisms, and the diversity of ap-
plications beyond entertainment. Through this engagement, I have observed how different platforms address user needs, facilitate
interaction, and potentially contribute to broader innovation processes.

Combining a literature review, analysis of development trends, and personal exploration, this multifaceted approach aims to
construct a nuanced understanding of the Metaverse’s innovation capacity. It acknowledges the current limitations in global access and
empirical research while recognizing Metaverse’s evolving nature and the promising integration of emerging technologies like
generative Al

4. Results

Focal points in the Metaverse’s capacity as an innovation platform include technology, collaboration, and creativity. Given the
growing significance of generative Al in human-machine interaction and innovations, its role in shaping and utilizing this platform, as
well as its implications for sustainability, warrants thorough exploration.

4.1. The Metaverse as a technology platform for innovations

The technological foundation of the Metaverse includes infrastructure and hardware (devices, systems, accessories, networks),
platforms (game engines, 3D environments), enablers (payment systems, identity verification, security, and governance) and content
and experiences (virtual worlds, applications) (McKinsey and Company, 2022). Technological innovations are critical as the Metaverse
evolves, necessitating the development and sometimes invention of new technologies. Key areas of focus include enhancing VR, AR,
and XR devices, establishing secure communication channels, data storage, financial transactions, identity verification, virtual and
intellectual property protection, user reputation, and conflict resolution (Wang et al., 2023a, 2023b).
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The industrial Metaverse, or digital twin technology, is being adopted worldwide across various sectors for training, design,
production, and customer service. VR, AR, and XR enable immersive training and product design simulation, while machine learning
analyses data for market trends and consumer behavior predictions (Aloqaily et al., 2022). These technologies reduce dependence on
physical resources, speed up testing, and allow scenario exploration, improving market success chances (Singh et al., 2021). They
facilitate iterative enhancements and reduce real-world experimentation risks. For consumers, the Metaverse introduces digital tools
and spaces for collaboration, learning, trust, and co-creation in innovation. However, the value derived from the Metaverse varies
among user profiles (World Economic Forum, 2023).

4.2. The Metaverse as a collaborative platform for innovations

Collaboration is key to innovation, and the Metaverse enables people from diverse locations to work together on innovative
projects. Innovations are usually gained through collaborative endeavors when various stakeholders focus on attaining a shared
objective (Nelson, 2018). VR platforms such as Horizon Worlds and Spatial support such collaboration, transcending the need for
geographical proximity for effective knowledge exchange (Boshma, 2005). Establishing a shared communicative space in the Meta-
verse innovation platform transcends physical proximity. It allows seamless cooperation across distances, disciplines, and industries,
acting as a global virtual community of practice (Dubé et al., 2006; Mystakidis, 2022). This connectivity enables the sharing and
developing new ideas, products, and services worldwide. However, as a collaborative innovation platform, the Metaverse might be
accessible to only a part of the global population due to existing digital divides. With an estimated 5.3 billion internet users as of 2023
and expected growth, digitalization and improved infrastructure are lowering entry barriers to the Metaverse (Statista, 2023c).

Collaboration through VR and AR offers improved co-presence over video conferencing, making remote innovation collaboration
viable (Pidel and Ackermann, 2020). The immersive nature of the Metaverse enhances communication and collaborative learning,
supporting knowledge co-creation for reaching innovations. People can participate in virtual events and other meetings to share ideas
and learn from each other (Anon 1). They can engage in novel and inventive forms of co-creative pooling of knowledge and ideas
(Dwivedi et al., 2022). This can be particularly useful for projects that require input from different skills and expertise.

With the integration of VR, AR, XR, and generative Al the Metaverse introduces innovative communication methods that enhance
collaboration and creativity. Generative Al chatbots, for instance, provide real-time idea generation as well as language translation,
facilitating collaboration among diverse cultural and linguistic groups and making knowledge creation more accessible and feasible
(Lv, 2023). However, as these generative Al models have been trained on biased data, the outputs might become biased against certain
groups and individuals.

4.3. The Metaverse as a creativity platform for innovation

The Metaverse brings together stakeholders from diverse fields, such as science, engineering, business, design, and art, fostering
interdisciplinary projects that leverage collective expertise (Dwivedi et al., 2022). Its dynamic ecosystem enables vast possibilities for
interaction, engagement, and creative exploration, blurring the lines between physical and digital experiences and offering unpar-
alleled engagement and interactivity.

Users in the Metaverse innovation platform can unleash their imaginations, explore, and create without physical or geographical
constraints, inspiring creativity across various domains. A participant does not have to be limited to conversations with one’s physical
location and bodily extensions. This freedom, coupled with generative Al provides a wealth of information and suggestions for
innovative ideas and artistic projects (Nordstrom et al., 2023). Metaverse innovation platform allows individuals to explore beyond
traditional boundaries, fostering immersive experiences that enhance creativity and innovation. It offers unique encounters that
extend beyond current realities, promoting novel perspectives, and advancements across fields for unparalleled levels of creativity and
innovation (Mystakidis, 2022). VR environments encourage divergent thinking, mental flexibility, and risk-taking, essential for cre-
ative and original idea development (Bourgeois-Bourgine et al., 2020).

The emergence of innovations in a process requires individual or collective creativity (del-Corte-Lora et al., 2023). Avatars play a
crucial role in creativity and innovation-oriented collaboration within the Metaverse. Customizable avatars, enhanced by generative
Al facilitate creative communication in 3D spaces. Avatars can reflect physical appearances or imaginative creations, with distinc-
tiveness often prioritized over realism in collaborative settings (Pidel and Ackermann, 2020). Fluid human-machine interaction in
groups may be able to better address complex challenges. The Metaverse’s capacity for human-machine interaction can address
complex challenges, showcasing its potential for driving innovation. However, some individuals may be hesitant to use VR for sensitive
discussions.

4.4. The Metaverse as an innovation platform with generative Al

As mentioned, by mid-2020, the Metaverse development will still be in a rather early phase globally. Many of its potential
innovative uses are yet to be discovered. Nevertheless, it is important to carefully address challenges in making the Metaverse
innovation platform possible (technical limitations, standards and interoperability, legal and ethical considerations), regarding its use
as an innovation platform (trust and security, content moderation, business models) and its sustainability impacts. Generative Al will
play a role in all of these processes.
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4.4.1. Making of the Metaverse innovation platform

Technical limitations and challenges must be resolved to create a truly immersive and seamless Metaverse innovation platform. This
requires widespread networks across multiple locations with interconnected components to handle vast data volumes and significant
computational power, addressing bandwidth and latency for smooth interactions. Efficient bandwidth management and data priori-
tization are necessary to enhance Metaverse operations, making them more accessible by reducing hardware demands. Additionally,
edge computing should be enhanced to improve Metaverse performance by reducing server strain and increasing responsiveness (Lee
etal., 2023; Cai et al., 2022; Wang et al., 2023a,b,c). Advancing VR and AR technologies through research and development is crucial
for developing more realistic 3D environments and enhancing user immersion.

Interoperability and standards are crucial for horizontal and vertical interworking in the Metaverse innovation platform. This would
allow different platforms to interact seamlessly, as it is unlikely that there would be one universal Metaverse platform. Despite the
absence of universal standards, standardized protocols and common formats can be used for effective data exchange. Several standards
have been established with the aim of making interoperability possible between different Metaverse platforms (Hyun, 2023). Users
establish identity through personalized avatars, a crucial tool for users’ natural and technical identification. However, the diversity of
Metaverse platforms complicates integration and user identity consistency, as avatars cannot migrate across virtual platforms. This
lack of interoperability potentially hinders collaboration and innovation.

Legal and ethical considerations within the Metaverse innovation platform include digital ownership, virtual economies, intellectual
property rights, and immersion. Zallio and Clarkson (2022) argue that a good Metaverse must embrace inclusion, diversity, equity,
accessibility, and safety. This requires an affordable Internet across the world and user-friendly interfaces to bridge digital divides.
However, the global nature of the Metaverse challenges state-based jurisdiction and legislation (Kalyvaki, 2023), with machine
learning’s opaque algorithms and data governance adding complexity. Furthermore, information asymmetries between
Metaverse-related technology giants and public government regulators add challenges to the legislation process (Taeihagh et al.,
2021). These global corporations establish a proprietary advantage in terms of data and algorithms that impact competition policies. It
is still unclear whether generative Al is regulated differently from other forms of AI (Mariani and Dwivedi, 2024). Nevertheless,
regulations can oversee virtual transactions, virtual currency exchanges, and taxation matters within the Metaverse, promoting ethical
and fair financial practices and value distribution (Dwivedi et al., 2022). In the end, the Metaverse can become a decentralized and
democratic virtual society with its own economic and governance system separated from individual countries’ legal systems. Block-
chain technology can secure digital transactions and intellectual property, with frameworks for licensing and royalty allocation
supporting the rights of creators and innovators (Lee et al., 2023; Kalyvaki, 2023; Truong et al., 2023).

Al especially generative Al, is crucial for the making of the Metaverse innovation platform. It can speed up the technical con-
struction of the Metaverse and reduce related costs while facilitating unique and personified user experiences across different virtual
environments of the Metaverse. Generative Al facilitates the creation of code for common behavior specific to a platform or used
anywhere, as well as different types of creations, and improves the responsiveness and realism of common elements (Qin and Hui,
2023). This helps to adapt, translate, and standardize content across Metaverse platforms for smooth integration and supports the
creation of secure, scalable virtual environments (Huynh-The et al., 2023), including automated code generation and optimization for
predicted technical infrastructure uses. For example, generative AI models can be used to automate the generation of different content
types belonging to the digital twin, a topic that has not been studied much so far (Qin and Hui, 2023).

Generative Al enables the creation of rich user experiences with realistic human-oriented textures, animations, and behaviors.
Techniques such as procedural generation and machine learning, including supervised and unsupervised learning, are needed (Lee
et al., 2023). As generative Al becomes easier and more efficient, this can lead to the democratization of content creation for the
Metaverse (Qin and Hui, 2023). If needed, it can be used in developing content protection methods like watermarking and copyright
detection. According to Mathieu Nouzareth, the US CEO of The Sandbox, generative Al has significantly simplified 3D modeling and
content creation, allowing creators to work more creatively and efficiently. It enables the generation of diverse and realistic virtual
worlds, enhancing the immersive experience of the Metaverse and fostering innovation in storytelling, gameplay, and design (Nasdaq,
2023).

4.4.2. Use of the Metaverse innovation platform

In the end, using the Metaverse innovation platform is possible when technical aspects have been solved. However, there is a need
for motivation for its use. Novel business models are required for the economic and social relevance of the Metaverse as an innovation
platform (World Economic Forum, 2023). It will offer new revenue streams for platforms, businesses, and creators in physical and
digital entrepreneurship (Duwe et al., 2022; Calandra et al., 2023). Digital real estate and fashion with interactive personalized virtual
assistants are already showing potential for industry transformation and disruption (Hollensen et al., 2023; Joy et al., 2022). The
Metaverse also introduces innovative incentives like virtual currencies and tokens (Park and Kim, 2022) to redeem digital products for
physical products and vice versa (World Economic Forum, 2023), motivating its innovative uses. However, economic risks regarding
the platform include potential monopolies by dominant tech firms, limited competition and innovation, and the risk of fraud and
cybercrime, which could erode trust and deter investment. The absence of a unified business model or currency complicates mone-
tization and investment strategies for companies (Hollensen et al., 2023).

Security and user trust are key aspects of the Metaverse innovation processes. Cheng et al. (2023) argue for the need for secure
authentication processes and continuous verification of users, devices, and applications without compromising the user experience.
The implementation of robust security, privacy measures, and decentralized identity solutions is essential for protecting user data and
maintaining privacy, especially for people and enterprises located close to users in physical or digital environments (Fernandez and
Hui, 2022). Trust building in the Metaverse involves technological safeguards, clear communication, and a commitment to user safety.
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Mechanisms for user reputation tracking and effective content moderation systems are necessary to ensure a safe, inclusive envi-
ronment and facilitate dispute innovation-oriented resolution and community-driven governance.

Effective content moderation and clear community guidelines are essential for digitally-assisted collaboration in the Metaverse as it
may face challenges, especially with the extensive user-generated content expected. It is essential to maintain a safe, inclusive space
devoid of hate speech and harassment. The platform must have dispute resolution mechanisms to handle user conflicts fairly and
promptly. Implementing community-driven governance, where users participate in decision-making, can enhance trust and security
within the Metaverse (Fernandez and Hui, 2022; Truong et al., 2023).

Al in general and generative Al in particular can boost business, security, and trust in the Metaverse by personalizing experiences,
automating content creation, and improving user engagement through tailored recommendations (Nasdaq, 2023). As discussed earlier,
human-machine interaction is evidence of collective creativity that is both an input for better performance and an output of novel
products and services (del-Corte-Lora et al., 2023). Generative Al can be used to easily design personalized avatars (Nasdaq, 202.3) that
enhance user trust and engagement in the Metaverse innovation platform. On the other hand, the presence of deepfake avatars may
decrease trust. Generative Al tools can support real-time content moderation, swift harmful content identification, and enable user
reports and reviews. Therefore, generative Al must be utilized for advanced encryption, anomaly detection, and user authentication to
establish secure communication and transparent data handling. This facilitates personalized content recommendations that amplify
engagement and revenue through tailored content and personified experiences.

4.4.3. Impacting with the Metaverse innovation platform

Sustainability is crucial for the Metaverse innovation platform because it impacts environmental, social, and economic aspects
globally and locally. Neglecting sustainability could compromise real-world viability. Therefore, responsible digitalization is needed to
transition from the physical to the virtual world (De Giovanni, 2023).

For the environmental sustainability of the Metaverse innovation platform, the main considerations include reducing the Metaverse’s
energy consumption and hardware impact. The infrastructure, such as servers, data centers and blockchain technologies, demands
significant energy, potentially exacerbating climate change if not efficiently managed (De Giovanni, 2023). The adoption of
energy-efficient technologies, software algorithms, and responsible hardware production and recycling is essential for mitigating
environmental harm. Conversely, the Metaverse can reduce pollution and energy use by substituting virtual products for physical
products and activities and lessening transport needs (Kshetri and Dwivedi, 2023). Providers should leverage renewable energy and
green computing to lower carbon emissions (Lee et al., 2023). Moreover, minimizing e-waste through modular, upgradable, and
recyclable Metaverse devices and optimizing data storage can further enhance environmental sustainability.

Social sustainability in the Metaverse innovation platform requires inclusivity, diversity, fairness, and openness to prevent the
amplification of potential negative social issues emerging from such platforms (De Giovanni, 2023). Virtual worlds that segregate
communities can lead to isolation and diminish social cohesion (Lee et al., 2023). Conversely, embracing diverse populations and
perspectives fuels innovation within the Metaverse. Offering customizable avatars that reflect a wide range of appearances, body types,
gender expressions, and cultural backgrounds promotes authenticity and users’ belongingness. Abstract geometric forms can also
represent users, offering an alternative to traditional visual representations (Anon and Anon 2). Additionally, ensuring accessibility
through features like text-to-speech, closed captioning, and adjustable color contrasts is essential for enabling all individuals, including
those with disabilities, to fully participate in the Metaverse.

With respect to economic sustainability, the Metaverse innovation platform could generate new sectors and digital goods, lessening
reliance on natural resources. It promises a dynamic digital economy through virtual asset trade and immersive experiences, driving
economic growth and job creation. The Metaverse enables global business engagement, transforming connectivity and supporting
remote work and innovation (Hollensen et al., 2023). The Metaverse supported by generative Al is expected to have a considerable
impact on the worldwide economy regarding innovation outcomes and productivity, shaping the realms of work. This will have the
collateral effect of disrupting traditional economic sectors, risking sectoral displacement, unemployment, and uneven wealth distri-
bution (De Giovanni, 2023; Liu and Siau, 2024; Mariani and Dwivedi, 2024).

Generative Al has various applications to enhance sustainability within the Metaverse, impacting environmental, social, and
economic aspects. Environmentally, careful promotion can help to reduce its overall carbon footprint. It can assist in incorporating
energy-efficient algorithms, promoting green data center practices, and reducing blockchain energy use. In addition, with generative
Al the deployment of renewable energy can be optimized for the Metaverse operations, the amount of waste reduced in the con-
struction of related infrastructure and hardware and the overall quality improved so that products can be used for a longer time.

For social sustainability, generative Al can easily offer a wide range of avatar customizations (Pidel and Ackermann, 2020; Nasdaq,
2023), curating content that reflects cultural diversity and fostering community engagement and inclusivity. This creates a virtual
environment that supports user accessibility, safety, and belonging and encourages participation in innovation processes from diverse
backgrounds.

For economic sustainability, generative Al can speed up the creation of virtual goods and experiences through personified auto-
mation. Tailoring content based on user behavior enhances personalized engagement and revenues from such content. It also supports
the development of new jobs like virtual architects, designers, and moderators, enabling these people to innovate and earn through the
platform. Various forms of digital entrepreneurship will be possible (Calandra et al., 2023). Skills acquired in the virtual
world—ranging from design to Al programming—translate into users’ real-world job opportunities, enriching industries outside the
digital domain. Additionally, generative Al can assist in streamlining transactions of virtual assets and boosting demand for real-world
properties associated with virtual experiences, thereby stimulating economic growth in those areas.
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5. Discussion
5.1. Theoretical implications

This article makes three major contributions to the innovation literature. First, it argues that a comprehensive re-evaluation of
innovation processes is needed in the age of the Metaverse with generative Al Innovation will manifest through an intricate interplay
encompassing human-machine as well as machine-machine collaboration. Consequently, machines assume a dynamic role in sup-
porting creativity, networking, and resources within the fabric of innovation processes and ecosystems (del-Corte-Lora et al., 2023).
While human-to-human interactions also remain present, they inherently traverse the digital and technological conduit, a charac-
teristic inherent to engagements within the Metaverse supported by generative Al

Second, as mentioned earlier, humans can interpret knowledge and generate ideas to reach innovation (Nelson, 2018). However,
this process will increasingly occur in human-generative Al collaboration (Bilgram and Laarmann, 2023; Bouschery et al., 2023;
Kakatkar et al., 2020; Mariani and Dwivedi, 2024). This entails recognizing and incorporating the active involvement of machines and
non-human entities in innovation theories regarding collaborative innovation processes and recognizing the creative role of machines
and AI (Amabile, 2020), particularly generative Al. Chatbot avatars will be partners in the Metaverse innovation platform.

Third, a conceptual expansion of the ontological framework of reality in innovation processes is necessary in response to the advent
of the Metaverse. Peschl and Fundneider (2014) suggested that innovations are intrinsically coupled with the environment. In the
blended immersive Metaverse, individuals encounter places and experiences that were previously unexplored. A juncture might be
reached where the conventional distinctive demarcation between the material-physical and the digital-virtual realms ceases to hold
significance. As immersive digitalization advances, it becomes imperative to dig deeper into the conceptualization of this techno-
logically facilitated expanding reality and the very genesis of innovations within it.

5.2. Implications for developers and policy makers

This article has three significant implications for developers and policymakers. Primarily, it suggests that rather than being a
singular Metaverse, the evolving technological landscape is likely to comprise multiple distinct Metaverses. While the overarching
term “Metaverse” encapsulates the amalgamated and immersive material-digital realm, currently, various platforms exist and will
exist in the future, each providing distinct environments for user engagement. In this context, ensuring seamless accessibility of in-
dividual avatars across platforms is crucial. This would help translate to heightened prospects for innovations within the Metaverse
and preserve the digital-material identity of users of the Metaverse innovation platform.

Second, there is a necessity to ensure universal access to the Metaverse, regardless of users’ economic, demographic, or
geographical backgrounds. As the Metaverse is to exert a substantial influence on humanity and the planet Earth, this inclusivity is
imperative for social and economic sustainability. Its genuine inclusiveness and potential as a novel innovation platform will expand
beyond the usual face-to-face encounters in the physical material world. Currently, stakeholders in less developed countries remain
underutilized, and innovations do not always fit into their contexts. Obviously, achieving this goal mandates meticulous ethical, legal,
and security deliberations within the Metaverse.

Third, the development and utilization of the Metaverse may not compromise the pursuit of sustainable development. The con-
struction and progression of the Metaverse must not only foster economic and social sustainability but also yield a positive envi-
ronmental impact. Otherwise, the Metaverse risks merely offer a temporary digital refuge from the profound challenges of the physical
world, ultimately curtailing the planet Earth’s viability for habitation. The Metaverse has the potential to serve as a crucible for in-
novations that effectively address and find solutions to the material world’s sustainability challenges to cultivate and achieve holistic
sustainability.

5.3. Limitations and scope for further research

Given the current absence of a Metaverse boasting billions of users, and the rarity of platforms even with millions of participants, a
significant portion of the article focuses on elucidating the Metaverse’s potential as a fertile ground for innovation. Consequently, a
substantial portion of the suggestions and insights posited herein remain theoretical and potential, awaiting empirical validation.
Further research could employ quantitative and qualitative methods on existing smaller Metaverse platforms, such as collaboration,
creativity and sustainability platforms, for innovation.

Furthermore, as of 2024, generative Al is still in its nascent phases but is developing quickly. There is considerable room for
advancement in the realm of human-machine interaction within innovation contexts, not to mention the uncharted terrain of machine-
to-machine innovation processes. Consequently, a compelling avenue for exploration involves examining collaborations between
humans and machines, including human-based and generative Al-based collaborative avatars within the Metaverse innovation plat-
form. It is to be explored whether these novel co-creative forms and stakeholders provide opportunities to reach holistic sustainability
within the Metaverse and its innovations in the material world.

6. Conclusions

This article examined the current state-of-the-art innovation processes within the Metaverse. It was found that the Metaverse has
the potential as a fertile ground for innovation, and generative Al has potential contributions. Currently, the Metaverse encapsulates an
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array of digital platforms spanning functional and entertainment domains, encompassing even the realm of digital twins. The Met-
averse can be used as an overarching umbrella term to cover the increasing number of these digitally-related platforms. Still, so far,
universal definitions, uses, or standards do not exist.

The Metaverse itself constitutes an innovation, yet its potential as an innovation platform has not garnered significant scholarly
attention. However, as its evolution unfolds, it unveils a promising realm for fostering innovation, serving as a distinctive hub for
technological exploration, collaboration, and creativity. The integration of generative Al stands as a promising avenue, so innovation
processes within the Metaverse are poised to increasingly embrace human-to-machine collaboration and even the prospect of machine-
to-machine collaboration. This evolving landscape presents an intriguing trajectory for the interplay between human creativity and
machine-enabled innovation within the Metaverse and the Metaverse as an innovation platform for broader holistic sustainability.
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