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Abstract
Generative Artificial Intelligence has revolutionized various as-
pects of the modern world, ranging from individual users lever-
aging tools to answer queries to companies developing advanced
chatbots. However, it may still be premature to assert that all the
potential applications of Generative AI have been fully explored.
Among these unexplored possibilities, the integration with immer-
sive technologies, such as virtual reality, augmented reality, and
mixed reality, remains a domain with substantial room for develop-
ment. This paper explores the opportunities related to Generative
AI in the context of immersive technologies, as well as the chal-
lenges associated with its broader adoption in virtual worlds.

1 Introduction
Researchers define immersive technologies from various perspec-
tives, one of which is the concept of the reality-virtuality continuum.
According to this concept, immersive technologies are positioned
at the intersections between the physical and virtual worlds, with
the goal of enhancing the realism of experiences [6].

Since the popularization of the Internet in the 1990s, the concept
of immersion in virtual worlds has significantly evolved. Several
well-established virtual environments have emerged, such as soft-
ware applications, mobile apps, social networks, videoconferencing
platforms, 2D and 3D virtual worlds, and augmented reality appli-
cations, among others. Although these virtual environments are
not perpetual and often disconnected, they have driven varying
degrees of digital transformation, allowing the immersion of differ-
ent actors and experiences in virtual worlds throughout different
stages of development.

With the rise of Generative Artificial Intelligence (AI), this evo-
lution has become even more apparent through the multimodality
of models, which bridge previously isolated domains—such as the
integration of video with text or text with images, among other pos-
sibilities. The conjunction of extended reality, blockchain, and Gen-
erative AI has redefined human interaction with both the physical
and digital worlds [3], particularly through its ability to personalize
user preferences and experiences based on individual needs.

Moreover, virtual reality has contributed to achieving several
United Nations Sustainable Development Goals (SDGs), including
SDG 4 (inclusive and equitable education for all), SDG 3 (Health
and Well-being), SDG 13 (Climate Action), and SDG 12 (Sustainable
Consumption and Production) [1]. By enabling more sustainable
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and intuitive immersive technologies, Generative AI thus plays a
role in fostering a more sustainable society overall.

To further elucidate how the revolution of Generative AI can
enhance immersive technologies, the following sectionswill explore
the opportunities and challenges associated with this intersection.

2 Opportunities
Although there is not yet a consensus on a definitive framework,
some key technologies are reasonably well-positioned for the con-
struction and conception of a new generation of immersive tech-
nologies for virtual worlds, with Artificial Intelligence possibly
being the most prominent among them.

Gartner’s 2022 Hype Cycle examined the evolution and expan-
sion of immersive experiences through the use of AI. The report
highlights decentralized identity, digital humans, customer digital
twins, non-fungible tokens (NFTs), superapps, and Web3 as key
thematic areas.

More specifically, [4] analyze, across various scenarios, the im-
pacts of Generative AI in the context of virtual worlds. In general
terms, the study provides a broad view of the innovation process
within virtual worlds, concluding that Generative AI holds sig-
nificant opportunities related to the development of applications
for human-machine and machine-machine interactions. However,
issues such as scalability—primarily due to the still limited dissemi-
nation of extended reality devices—are highlighted by the authors
as factors that need to be addressed over time.

In this sense, it can be considered—through an analysis similar
to that in [4]—that scalability in immersive technologies will likely
be achieved when the democratization of digital human creation
occurs, supported by easy-to-use applications for non-programmers.
Applications with intelligent composition tools would allow anyone
to create digital humans with human-like expressions on devices
accessible to the general public.

The challenge in developing immersive technologies that enable
this goal lies in the combination of physical and digital existence. It
is believed that immersion will involve a decentralized, scalable, and
autonomous iteration, allowing users to connect to a unified exis-
tence through physically decentralized devices that cooperate in the
digital environment. Ideally, it is expected that the new generation
of immersive technologies will be interactive, intelligent, intuitive,
digitally enhanced, and either artificially created or augmented in
real-time by Artificial Intelligence.

The use of AI, particularly deep learning, has significantly boosted
productivity in the development of immersive solutions for virtual
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worlds. Until a few years ago, AI tasks were primarily focused on
automating data analysis, but a new generation of architectures
has enabled the development of AI-driven content creation.

From the perspective of desirable products, the main scientific
and technological opportunities and challenges that are likely to
remain unresolved over the next decade can be identified [2] [7]
[8], and their advancements may significantly transform immersive
technologies:

• Presence and User Experience: Immersive technologies are
designed to enhance the user experience [8]. What sets
immersive systems apart from other technologies is the re-
alism of the experience. Understanding how the system and
its characteristics influence presence is complex, given the
various parameters, individual differences, and the diffuse
nature of the experience. Digital humans should interact,
learn, and express themselves in ways that resemble hu-
man behavior. A review of the main methods proposed
for developing user presence immersion, which analyzed
1,214 articles published over the past 30 years, identified
29 key factors that evoke presence in virtual environments,
categorized into four groups: engagement, personal charac-
teristics, interaction fidelity, and display fidelity. This same
study, for instance, highlights that one of the major limi-
tations lies in the use of subjective metrics to assess the
user’s sense of presence [8].

• Character Creation and Narrative: The creation and evolu-
tion of characters in immersive environments is not a recent
development. However, the task still faces challenges in the
scalability of character construction. The current process,
based on coding in computational frameworks, is still slow
and relatively costly for potential mass adoption. Immer-
sion is partial and dependent on input generated from an
external event. Creating more scalable immersive content
remains an open challenge. In virtual worlds, character
development is a central part of immersive experiences.
Natural interaction will likely involve techniques beyond
point-and-click, such as dialogue generation, speech synthe-
sis, and automated animation. Computing and engineering
often draw inspiration from biological processes, and in
this case, the search for imitating human behavior through
a digital human twin emerges as a competitive hypothesis.
Some unresolved challenges include the creation of intelli-
gent agents capable of emotionally connecting with users
and the dynamic adaptation of narratives in real time.

• Multimodality of Models: The ability of Large Language
Models (LLM) to interact with various formats—voice, text,
photo, video—enables the development of new forms of
immersion, including fostering greater social inclusion.

• Automated Content Generation: A key point is the availabil-
ity of content creation tools. Scientific and technological
advancements have the potential to reduce production costs
and allow access to non-specialists [5], which used a gener-
ative neural network model to accelerate the construction
of scanpaths, a sequence of two-dimensional values corre-
sponding to the coordinates of each point of human gaze on
an image. For realistic experiences or the depiction of real

places, tools that quickly capture geometric and material
information from real scenes will be essential.

3 Challenges
The development, training, and validation of large Generative AI
models rely on specific computational architectures, namely Graph-
ics Processing Units (GPUs). This is due to the high capacity of
these architectures for performing mathematical processes at high
speeds. However, as a side effect, there is an extremely high energy
consumption, which directly impacts the sustainability of virtual
worlds. Therefore, sustainability in the relationship between Gen-
erative AI and immersive technologies is of utmost importance for
the feasibility of their widespread use.

Additionally, another important point related to the integration
of Generative AI and immersive technologies is the need to create
security barriers—whether during training or in applications—to
ensure that no discriminatory bias is present in the developed
models [9]. This concern has been a significant issue guiding the
development of UNESCO’s guidelines [9].

As for Generative AI models, there are still problems to be solved
to enable broader use. Specifically considering LLMs, these models
are based on a probabilistic approach to defining the sequence of to-
kens in relation to a given context or question. Therefore, incorrect
responses and hallucinations, as they are called, remain significant
challenges in real-time applications, even with the use of techniques
like Retrieval Augmented Generation (RAG) or Knowledge Graphs.

4 Final Considerations
This paper explored how Generative AI is related to immersive
technologies in the current context. Furthermore, it provided a de-
tailed account of the opportunities associated with this interaction,
as well as the challenges that need to be addressed. Ultimately, it
is evident that the Generative AI revolution is not an end in it-
self. There is vast potential still to be explored, and improving the
immersion experience, with human-machine interactions that are
closer to reality, is one of the most crucial points in our current
digital reality.
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