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Abstract: The metaverse represents the newest environment where people will be able
to live, work, learn, shop, and socialize. This environment has causal powers and is
independent of our minds. As Bruno Latour and others have shown, there is no discrete
technological object which is purely and totally inhuman or reducible to a purely
instrumental neutrality. This is especially important, since the arrangement of physical
environments subsequently dictates the social interactions and possibilities of the people
they serve, so it is important to analyse current trends, in order to educate for the future.
The importance of an increasing virtual socialisation in understanding the life cycle of cities
should not be underestimated. This article aims to delve deeper into a framework analysis
of the representation of cities in terms of the (re)articulations of the human and the non-
human.
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1. Introduction

Digital technologies increasingly shape a virtual everyday life, if we understand
virtuality as a series of mediations that influence our activities and perceptions
in various ways. It is important to recognize that the digital realm is not simply
a collection of isolated worlds, discrete nodes, or unrelated communication
platforms [1]. Likewise, technological prostheses are not mere accessories or neutral
additions; they activate the full relay race of human activity [2]. In this sense,
technology has become a kind of "second nature." Every culture, after all, is a
technological one, and modern civic sensibility is deeply tied to the tools individuals
use to influence others and shape decision-making [2].

The metaverse represents the latest technological prosthesis, an enhancement
that enables a digital environment in which people can live, work, learn, shop, and
socialize. This paper examines the emerging relationship between the metaverse
and historic urban environments, with particular attention to how virtual extensions
of cities may transform the ways in which heritage is represented, experienced,
and interpreted. While the metaverse is often discussed in relation to smart cities,
digital twins, or technologically driven urban innovation, its implications for historic
cities remain underexplored. These environments present specific challenges due
to their layered cultural meanings, material constraints, and the need to balance
preservation with contemporary use while maintaining connections with heritage
communities. In this context, the metaverse should not be understood merely as a
technological development, but as a socio-technical space capable of reconfiguring
spatial experience, social interaction, and cultural value. From this perspective, the
technological infrastructures associated with the metaverse can be understood as
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“dispositifs” [3], ensembles of technical, institutional, and regulatory mechanisms,
that shape how space is produced and interpreted. As Lewellen [4] notes, dispositifs
operate as apparatuses of power that enable certain discourses to be applied across
different contexts. When applied to historic cities, these mechanisms may facilitate
the diffusion of dominant narratives and representational frameworks.

By focusing on historic cities, this paper critically assesses how virtual
environments can both extend and support urban heritage, opening new possibilities
for engagement while raising important questions regarding authenticity,
representation, and continuity.

2. Metaverse-city

The metaverse is increasingly described as an emerging environment. [t
integrates a range of technologies, including blockchain, the web, social media, online
gaming, decentralized finance (DeFi), and advanced hardware systems, which enable
it to function as a virtual reflection of conventional social life. However, definitions
and ontological frameworks of the metaverse remain diverse and evolving, with
layered architectures and hybrid integrations shaping current academic discourse [5].

In this paper, we adopt the definition proposed by Weinberger [6], as it places
particular emphasis on the user perspective and conceptualizes the metaverse as
possessing causal powers, that is, the capacity to shape user behaviour, interactions,
and social relations, and a degree of independence from individual cognition [7].

“The Metaverse is an interconnected web of ubiquitous virtual worlds partly
overlapping with and enhancing the physical world. These virtual worlds enable
users represented by avatars to connect and interact with each other, to experience
and consume user-generated content in an immersive, scalable, synchronous and
persistent environment.” [6].

This definition reveals a significant parallel with classical understandings of the
city as a socio-spatial construct. As Georg Simmel (quoted in [8] ) argued in the early
twentieth century, the city is not merely a physical setting, but a complex network
of social interactions, mediated experiences, and forms of association shaped by its
spatial and technological conditions. This perspective is further developed by Henri
Lefebvre [9], who conceptualizes space as socially produced through the interplay
of practices, representations, and lived experience. In this sense, the metaverse can
be understood not simply as a digital replica of urban space, but as a socio-technical
environment in which new forms of spatial production and social organization
emerge. Futhermore, as Bruno Latour [10] and others have argued, there is no purely
neutral or wholly "inhuman" technological object; every technology carries social
meaning. This matters because both physical and virtual environments shape human
interactions and possibilities. Therefore, understanding current technological trends
is key to reflecting on historical cities and how they can evolve alongside these new
environments in ways that mutually support one another. Major technological shifts
also mean redefining citizenship, its tools, priorities, and directions, as well as the
arena in which civic life is enacted. Virtual reality opens up dynamic opportunities for
experiencing historical environments and urban life, reflecting new ways we work,
socialize, and engage with cities [11].

Current evidence suggests that the urban metaverse is moving beyond a purely
speculative concept and is increasingly taking shape through a range of documented,
real-world applications. A growing number of cases show how metaverse-related
technologies are already being deployed in urban contexts, although at different
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levels of maturity. Initiatives range from fully operational “cityverse” platforms,
such as Seoul’s Metaverse Seoul [12], which delivers a wide array of public services
including tax counselling, business support, civic engagement, and immersive
social interaction, to high-fidelity digital twins, such as those developed in Helsinki
and Singapore [13], which enable virtual tourism, infrastructure optimisation, and
scenario-based urban planning. Other cities, including Dubai, London, New York,
Shanghai, and Spain-region cases such as Benidorm (Alicante) and Catalonia, are
integrating metaverse-aligned systems into smart city strategies, focusing on real-
time data integration, mobility management, and enhanced public services [13]. On
the other hand, experimental and hybrid approaches, such as participatory planning
initiatives in Boston [14] or Barbados’ metaverse embassy [13], further extend these
applications into domains of governance, diplomacy, and civic participation. In
parallel, platform-based ecosystems such as Decentraland and Roblox [15] illustrate
how user-generated environments contribute to the formation of urban-like social,
cultural, and economic dynamics in virtual space.

Taken together, these cases suggest that technologies associated with the urban
metaverse are increasingly taking on roles and functions that were once confined
to the physical city, from service delivery to social and economic interaction,
and are now being shared between tangible and virtual environments. However,
historic cities, characterised by layered cultural meanings, heritage sites, regulatory
constraints, and material authenticity, remain relatively underexplored as a distinct
field of application, thereby overlooking the complex tensions between preservation,
accessibility, and evolution that define historic urban landscapes. Moreover, there are
a lack of conceptual frameworks capable of assessing how metaverse environments
may mediate authenticity, spatial experience, and cultural value in historical contexts.
This gap is especially critical given that the metaverse enables the construction of
imagined spaces that are grounded in real urban environments while simultaneously
allowing experiences that transcend physical, regulatory, and the limitations of
everyday life. Addressing this gap requires moving beyond generalised claims
about technological potential and developing context-sensitive approaches that
critically examine how virtual extensions of historic cities can support new forms of
engagement, interpretation, and use, while maintaining the integrity and significance
of their material and intangible heritage. In this context, the metaverse offers a
unique capacity to construct imagined spaces that are rooted in these real urban
contexts while simultaneously enabling experiences that transcend the physical and
regulatory limitations of heritage environments. This opens a line of investigation
into how virtual extensions of historic cities may support new forms of engagement,
interpretation, and use, while also enabling alternative modes of inhabitation and
participation in contexts where processes of urban commodification displace local
communities.

In this sense, these should be understood not merely as representational layers,
but as socio-technical environments in which new forms of spatiality and presence
are enacted. Space, including virtual space, is not a neutral container but a relational
construct shaped through practice, perception, and meaning-making [9,16]. Within
the metaverse, this relationality is reconfigured: presence is no longer tied exclusively
to physical co-location but emerges through mediated interaction, embodiment via
avatars, and synchronized participation in persistent environments.

This shift raises important ontological questions regarding the status of virtual
space and the forms of life it may sustain. From a digital anthropological perspective,
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virtual worlds can be understood as sites of “real” sociality, where identities,
relationships, and systems of value are actively constructed and experienced, even in
the absence of material instantiation [17]. Framed in this way, virtual environments
are not neutral or empty containers, but socio-cultural spaces that, like physical
environments, can embody and transmit values, histories, and collective meanings.
This becomes particularly relevant when considered in relation to heritage contexts,
where individuals’ connections to place are not only experiential but also constitutive
of identity, emerging through the interplay between lived environments and inherited
pasts. Heritage environments function as frameworks for cultural continuity,
providing symbolic references through which individuals situate themselves within
broader temporal narratives [18,19]. Moreover, the forms and images of these
environments generate what has been described as ontological security, a sense of
trust grounded in the perceived continuity of past, present, and future, and sustained
through everyday social practices [20].

From this perspective, both physical and virtual environments can be understood
as complex carriers of meaning, capable of transmitting beliefs, values, and practices
as part of an extended cognitive and cultural system [21]. Virtual beings, whether
human-controlled avatars or autonomous agents, thus participate in meaningful
social worlds that may reproduce, reinterpret, or transform these inherited structures
of meaning, challenging conventional distinctions between the physical and the
virtual. It anchors users’ social identities, providing people with the ability to imagine
alternative ways of living within historical cities.

However, such environments remain shaped by technical architectures and
platform logics, which delimit the scope of action and agency, as well as the extent
to which these values and symbolism can be meaningfully enacted or sustained. As
a consequence, immersive virtual experiences are fundamentally conditioned by the
underlying technological systems that enable them, and are increasingly enhanced
by emerging technologies such as sensors, wearable haptics, Al, cameras, and next-
generation user interfaces. These tools not only enable but also directly influence how
users perceive time and space within virtual environments.

However, virtual reality carries risks: a detachment from authentic experiences
in education, work, and society, what Baudrillard [22] called the simulacrum [23].
In this context, the relationship between the physical city and its virtual counterpart
should be understood not as a simple duplication, but as a dynamic and co-
constitutive assemblage. Virtual cities do not merely reproduce urban space; they
reinterpret, augment, and, in some cases, redefine its social, symbolic, and functional
dimensions. This makes it necessary to critically examine how urban realities are
translated into the metaverse, what forms of presence and interaction they enable,
and what kinds of value, social, cultural, or experiential, are produced within these
hybrid spatial configurations. This means identifying the core concepts behind those
representations and exploring their significance within our hybrid physical-digital
realities.

3. Virtuality and Perception

When addressing historical cities, it is essential to recognize that territories
are not only materially or geographically produced but also socially constructed
through ideologies and cultural representations. Urban imagery not only inspires
fictional virtual environments but can also strategically reshape public perceptions of
existing places [24]. Far from being passive backdrops, historic cities are increasingly
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becoming virtualized territories in which identity and brand perception are mediated
through situated, curated, and personalized experiences. This indicates that virtual
representations can act as powerful agents of change, capable of promoting specific
sociopolitical agendas, historical narratives, and power structures.

Within this context, the metaverse may play a significant role in cultural
preservation and transmission, as culture and technology co-evolve in a mutually
dependent relationship. Safeguarding urban heritage requires acknowledging the
inseparability of tangible and intangible cultural elements, since cities embody
specific ways of living and acting, shaped by time and context [25].

For virtual representations of historical cities to be recognizable and capable
of exerting influence, they must rely on shared conventions and reference systems
that resonate with collective memory. Accordingly, the design of these historical
environments should present selective and intentional interpretations of heritage
landmarks rather than literal reproductions [26,27]. This aligns with what Westin
and Hedlund [27] describe as a polychronic approach, engaging perception systems
beyond just the visual. Indeed, an excessive reliance on purely visual, ocular-centric
representations can reduce immersion and weaken the experiential quality of virtual
environments [28].

Consequently, perception in metaverse representations of historical cities must
extend beyond visual accuracy to include natural interaction with objects, avatars,
and environments, as well as a sense of embodied presence in which the avatar is
experienced as an extension of the physical self. A meaningful alignment between
virtual environments and their real-world counterparts is therefore essential to support
recognition and engagement [29].

Achieving this requires multimodal integration systems capable of encoding
complex sensory experiences, including tactile-visual, tactile-auditory, and visual-
auditory interactions. In physical environments, perception emerges from the
simultaneous processing of multiple sensory inputs, and our understanding of space is
fundamentally shaped by this integration [30]. As such, examining how multisensory
perception operates in virtual contexts, and how it can be effectively translated
into design strategies, becomes a critical step in the development of metaverse
environments that meaningfully represent historical cities.

In design terms, the representation of historic cities in the metaverse requires
moving beyond purely visual reconstruction toward integrated multisensory strategies
that can evoke culturally embedded ways of perceiving and inhabiting space. This
involves identifying sensory patterns, symbolic elements, and spatial practices that
are meaningful within specific historical and cultural contexts [31]. Importantly, these
frameworks are not universal but vary across communities and user groups, making
the design of heritage-oriented metaverse environments a fundamentally interpretative
and context-dependent process. Understanding these sensory and cultural dimensions
is therefore essential for developing virtual representations that do not merely
reproduce historic cities, but meaningfully re-articulate their experiential and
symbolic complexity.

But as noted above, the capabilities and limitations of the metaverse are
fundamentally conditioned by its underlying technical architectures, which actively
shape its functional, social, and spatial dimensions[32]. At the functional level,
rendering systems must not only ensure visual fidelity and real-time responsiveness
but also support selective and intentional interpretations of historical accuracy,
material detail, and atmospheric coherence. This is particularly demanding in contexts
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where recognition and perceived realism are critical. Multi-GPU rendering pipelines
and advanced simulation techniques enable increasingly detailed reconstructions,
yet they also introduce trade-offs between fidelity and scalability, especially in large,
historically complex urban environments [33].

Spatial computing frameworks, often integrated with digital twins and geospatial
data, play a key role in synchronizing physical and virtual representations of historic
urban areas. However, historic cities are not static entities, but layered constructs
shaped by temporal stratification, cultural interpretation, and contested narratives.
As such, digital twins in heritage contexts must negotiate not only spatial accuracy
but also decisions about which historical period, version, or interpretation of the city
is being represented [34,35]. XR interfaces further shape how users perceive and
experience these environments, influencing the degree of immersion and embodiment,
but also raise questions about how multisensory cues, such as soundscapes, material
tactility, and environmental conditions, can be meaningfully reconstructed in
historically grounded ways.

At the social level, these architectures also condition how users engage
with historic urban environments. XR-driven embodiment enables forms of co-
presence and interaction within reconstructed heritage spaces, potentially supporting
education, tourism, and participatory interpretation. However, the use of blockchain-
based identity and ownership systems in such contexts introduces tensions between
commodification and cultural value, particularly when heritage assets are transformed
into tradable digital entities [36,37]. Interoperability remains a critical challenge,
as the fragmentation of platforms limits the continuity of cultural narratives and the
persistence of shared experiences across different virtual environments [38].

Spatially, the combination of real-time rendering and geospatial infrastructures
enables both high-fidelity replicas of historic environments and speculative
reconstructions of past urban forms. Yet, this capacity also introduces epistemological
challenges: virtual reconstructions may blur the distinction between documented
history and interpretative simulation, potentially reshaping users’ perception of
authenticity and historical truth. Digital twins and data-driven environments can
support conservation, monitoring, and scenario testing, but they also require careful
calibration to avoid reducing complex cultural landscapes to purely technical
models [39].

All these challenges are compounded by technical constraints. Latency
and bandwidth limitations affect the seamless exploration of detailed historic
environments, while interoperability gaps result in fragmented representations and
discontinuous user experiences [32,40]. Blockchain scalability issues and governance
limitations further complicate the management of heritage-related digital assets [41],
and XR technologies raise significant concerns regarding accessibility, inclusivity,
and user well-being, including cybersickness and device dependency [36,42].

4. Reflections on Historical Cities in the Metaverse

This article acknowledges that historical virtual cities must be analyzed based
on their capacity to re-realize and re-localize, rather than merely as spaces of
disconnection or dislocation[18]. However, the metaverse, as a fully realized, shared
virtual world where users interact in real time through avatars, is not yet consolidated.

Within the metaverse, cities can range from speculative and recreational
environments to highly detailed digital replicas. However, when applied to historic
cities, this variability raises critical questions regarding recognition, perceived realism,
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and continuity between virtual representations and their physical counterparts. Digital
twins and related technologies offer tools for simulating urban form and behaviour,
yet their application to heritage contexts requires more than functional replication.
Historic urban environments are shaped by temporal layering, cultural meaning, and
collective memory, which are not easily reducible to data-driven models.

Videogames constitute one of the most developed technological domains
engaging with the virtual representation of historical cities. Titles such as Assassin’s
Creed have recreated past urban settings with a high degree of visual detail. However,
these representations are typically anchored in specific historical periods and do
not correspond to the contemporary identity of these cities. As a result, users may
experience a disconnection between the virtual environment and its present-day
physical counterpart, limiting processes of recognition and weakening the potential
for re-localization [43].

Similarly, while other virtual environments incorporate references to historical
architecture or urban forms, they often prioritize aesthetic or narrative functions over
spatial accuracy and social interaction. This can result in environments that provide
only superficial recognition without fostering a deeper sense of place or cultural
continuity.

In this context, perceived realism becomes a central issue. It is not sufficient
for virtual environments to reproduce visual characteristics; they must also support
meaningful forms of interaction, embodiment, and multisensory engagement that
allow users to relate virtual spaces to lived urban experience [44]. This is particularly
relevant in historic cities, where identity is constructed through the interplay of
material form, sensory perception, and cultural practice.

Consequently, the representation of historic urban environments in the metaverse
should be understood not as a process of simple digital replication, but as a selective
and interpretative act that shapes how heritage is perceived, experienced, and
transmitted [45]. This requires a critical awareness of how virtual environments re-
articulate spatial meaning and cultural narratives, as well as the limitations inherent
in current technological and design approaches. This integration holds the potential
for a Kuhnian paradigm shift[46], offering a powerful response to the challenge
of establishing a meaningful connection between the physical city and its virtual
counterpart, an exercise which will require careful analysis of the city's sensory
content and the associated symbolic meanings which define it.

In this early stage of development, analysing how historic cities are represented
into the metaverse, and how human and non-human elements are re-articulated within
these environments, is essential. As the digital realm becomes a new informational
layer in urban experience, professionals in architecture and urbanism must engage
critically with its implications, ensuring that the representation of heritage remains
grounded in cultural specificity, experiential depth, and spatial coherence.

To move beyond descriptive accounts and fragmented implementations, it
becomes necessary to outline a set of preliminary directions for evaluating the
representation of historic cities within the metaverse. First, recognitional coherence
appears essential: virtual environments should enable users to meaningfully identify
and relate the digital representation to its physical counterpart, not only through
visual resemblance but through spatial logic and culturally embedded cues. Second,
temporal intelligibility should be considered, ensuring that the historical layers
embedded in urban form are not reduced to a single, decontextualized moment, but
are instead communicated as part of an evolving narrative. Third, experiential depth
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emerges as a key dimension, involving multisensory and interactive qualities that
reflect how heritage is lived and perceived, rather than merely observed. Fourth,
cultural specificity should guide design decisions, acknowledging that heritage
is shaped by localized practices, meanings, and collective memory, which resist
universal standardization. Finally, interpretative transparency becomes particularly
relevant, making explicit the assumptions, selections, and omissions involved in
constructing virtual environments, especially when dealing with partial or contested
historical knowledge.

These preliminary directions suggest that the representation of historic cities
in the metaverse is not solely a technical challenge but also an epistemological and
cultural one. Addressing this complexity requires an interdisciplinary approach
capable of integrating technological development with architectural, anthropological,
and heritage-based perspectives, to ensure that virtual environments contribute
meaningfully to the understanding and transmission of urban heritage.

Funding: This research was funded in whole or in part by the Fundacao para
a Ciéncia e a Tecnologia, I.P. (FCT, https://ror.org/05qdjap63), under Grant of
the Strategic Project with the references UID/04008/2025 and DOI https://doi.
org/10.54499/U1D/04008/2025. For the purpose of Open Access, the author has
applied a CC-BY public copyright licence to any Author’s Accepted Manuscript
(AAM) version arising from this submission.

Author contributions: Conceptualization, formal analysis, writing—original draft
preparation, MA; formal analysis, AL.

Acknowledgements: This article is based on work originally published in the
proceedings of Comunicar la Arquitectura. Del origen de la modernidad a la era
digital, a conference organized by the University of Granada, with the proceedings
published by Editorial Universidad de Granada (ISBN: 978-84-338-7371-2). The
original paper, titled “Una mirada desde el Metaverso a la Ciudad”, served as the
basis for the ideas and reflections further developed and expanded in the present
version.

Conflict of Interest: There is no conflict of interest.

1. Dholakia N, Reyes I. Virtuality as place and process. Journal of Marketing Management. 2013, 29(9-10): 1580-1591. https://
doi.org/10.1080/0267257X.2013.834714.

2. Debray R. Transmitting culture. Columbia University Press; 2000.

3. Foucault M. Dits et écrits, 1954-1988 (Tome 1 1954-1969). Gallimard; 1994. https://doi.org/doi:10.14375/

NP.9782070738441.

Lewellen TC. Introduccion a la antropologia politica (3 ed.). Edicions Bellaterra; 2009.

5. Boztas C, Ghadafi E, Ibrahim R. Metaverse Architectures: A Comprehensive Systematic Review of Definitions and
Frameworks. Future Internet. 2025, 17(7): 283. https://doi.org/10.3390/£i17070283.
6.  Weinberger M. What Is Metaverse?—A Definition Based on Qualitative Meta-Synthesis. Future Internet. 2022, 14(11): 310.
https://doi.org/10.3390/f114110310.
. Chalmers DJ. Reality +. Virtual worlds and the problems of philosophy. Penguin; 2022.
8. Till J. The broken middle: The space of the London riots. Cities. 2013, 34: 71-74. https://doi.org/10.1016/j.cities.2012.01.004.
Lefebvre H. La produccion del espacio. Capitan Swing; 2013.

10. Latour B. Reassembling the social: An introduction to actor-network theory. Oxford University Press; 2005.

11. Sharifi A, Amirzadeh M, Khavarian-Garmsir AR. The metaverse as a future form of smart cities: A systematic literature



Metaverse 2026, 7(3), 8557.

12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

23.

24.

25.

26.
27.

28.

29.

30.

31.

32.

33.

34.

35.

review of co-benefits and trade-offs for sustainable development goals. Cities. 2025, 161: 105879. https://doi.org/10.1016/
j-cities.2025.105879.

Allam Z, Allam Z. The Metaverse and Smart Cities (Chapter 5). In: ALLAM, Z. & ALLAM, Z. (eds.) The Metaverse and
Smart Cities. Elsevier; 2024. https://doi.org/10.1016/B978-0-443-22351-8.00002-7.

Reynoso Vanderhorst H, Heesom D, Yenneti K. Technological advancements and the vision of a meta smart twin city.
Technology in Society. 2024, 79: 102731. https://doi.org/10.1016/j.techsoc.2024.102731.

Gordon E, Manosevitch E. Augmented deliberation: Merging physical and virtual interaction to engage communities in urban
planning. New Media & Society. 2011, 13(1): 75-95. https://doi.org/10.1177/1461444810365315.

Zheng R, Nah F F-H. Uncovering the values of the metaverse for leisure use by individuals: A value-focused thinking
approach. Technological Forecasting and Social Change. 2026, 222: 124399. https://doi.org/10.1016/j.techfore.2025.124399.
Ingold T. An anthropologist looks at biology. Man. 1990, 25(2): 210-227. https://doi.org/10.2307/2804561.

Boellstorff T. Rethinking Digital Anthropology. /n. HORST, H. A. & MILLER, D. (eds.) Digital Anthropology. London:
Routledg; 2012. https://doi.org/10.4324/9781003085201.

Shackel PA. Public Memory and the Search for Power in American Historical Archaeology. American Anthropologist, 2001,
103(3): 655-670. https://doi.org/10.1525/aa.2001.103.3.655.

Hawke SK. Belonging: the contribution of heritage to sense of place. Heritage; 2010.

Giddens A. The consequences of modernity. John Wiley & Sons; 2013.

Nine C. The Wrong of Displacement: The Home as Extended Mind. Journal of Political Philosophy. 2018, 26(2): 240-257.
https://doi.org/10.1111/jopp.12133.

Baudrillard J. Simulacra and simulations(1981). /n: ROUTLEDGE (ed.) Crime and Media. United Kingdom; 2019. https://
doi.org/10.4324/9780367809195-8.

Rospigliosi PA. Metaverse or Simulacra? Roblox, Minecraft, Meta and the turn to virtual reality for education, socialisation
and work. Interactive Learning Environments. 2022, 30(1): 1-3. https://doi.org/10.1080/10494820.2022.2022899.

Klingmann A. Rescripting Riyadh: how the capital of Saudi Arabia employs urban megaprojects as catalysts to enhance the
quality of life within the city’s neighborhoods. Journal of Place Management and Development. 2023, 16(1): 45-72. https://
doi.org/10.1108/JPMD-06-2021-0062.

Alcindor M, Jackson D. Transmitting Culture through Building Systems: The Case of the Tile Vault. Buildings. 2023, 13(4):
873. https://doi.org/10.3390/buildings13040873.

Barnes TJ, Duncan JS. Writing Worlds: Discourse, Text and Metaphor in the Representation of Landscape. Routledge; 1992.
Westin J, Hedlund R. Polychronia - negotiating the popular representation of a common past in Assassin's Creed. Journal of
Gaming & Virtual Worlds. 2016, 8(1): 3-20. https://doi.org/10.1386/jgvw.8.1.3 1.

Illsley WR. Digital surrogacy: politics and aesthetics in visualising the historical past of a city. International Journal of
Heritage Studies. 2022, 28(2): 216-234. https://doi.org/10.1080/13527258.2021.1977373.

Barratt RP. Speculating the Past: 3D Reconstruction in Archaeology. London: Ubiquity Press; 2021 https://doi.org/10.5334/
bek.c.

Ladavas E, Farne A. Neuropsychological Evidence of Integrated Multisensory Representation of Space in Humans. /n:
CALVERT, G., SPENCE, C. & STEIN, B. E. (eds.) The handbook of multisensory processing. Cambridge: MIT Press; 2004.
https://doi.org/10.7551/mitpress/3422.003.0060.

Malnar JM, Vodvarka F. Sensory design. University of Minnesota Press; 2004.

Dong H, Lee JSA. The Metaverse From a Multimedia Communications Perspective. IEEE MultiMedia. 2022, 29(4): 123-
127. https://doi.org/10.1109/MMUL.2022.3217627.

Chen J, Chen L, Yu Z. Accelerating path tracing rendering with Multi-GPU in Blender cycles. 2023 25th International
Conference on Advanced Communication Technology (ICACT). 2023, 314-318. https://doi.org/10.23919/
ICACT56868.2023.10079514.

Papadopoulos T, Evangelidis K, Kaskalis TH, et al. The Metaverse Is Geospatial: A System Model Architecture Integrating
Spatial Computing, Digital Twins, and Virtual Worlds. ISPRS International Journal of Geo-Information. 2025, 14(3): 126.
https://doi.org/10.3390/ijgi14030126.

Hatami M, Qu Q, Chen Y, et al. A Survey of the Real-Time Metaverse: Challenges and Opportunities. Future Internet. 2024,
16(10): 379. https://doi.org/10.3390/fi16100379.



Metaverse 2026, 7(3), 8557.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Wang Y, Gong D, Xiao R, et al. A Systematic Review on Extended Reality-Mediated Multi-User Social Engagement.
Systems. 2024, 12(10): 396. https://doi.org/10.3390/systems12100396.

Cannavo A, Arrigo G, Visconti A, et al. Designing social immersive virtual environments for the Metaverse: The case study
of MetaLibrary. Virtual Reality & Intelligent Hardware. 2025, 7(3): 279-298. https://doi.org/10.1016/j.vrih.2025.04.002.
Steed A. Three technical challenges of scaling from social virtual reality to metaverse(s): interoperability, awareness and
accessibility. Frontiers in Virtual Reality. 2024, 5: 1432907. https://doi.org/10.3389/frvir.2024.1432907.

Qudaih R, Caldwell N, Ben Salem I, et al. Metaverse-Enabled Digital Twins for Business and Smart Cities: Toward A
Human-Centered Framework for Digital Transformation. Int. Arch. Photogramm. Remote Sens. Spatial Inf. Sci., XLVIII-4/
W18-2025, 273-280; 2026. https://doi.org/10.5194/isprs-archives-XLVIII-4-W18-2025-273-2026.

Zaman S, Dantu R, Badruddodja S, et al. “Layerwise Interoperability in Metaverse: Key to Next-Generation Electronic
Commerce,” 2023 IEEE International Conference on Metaverse Computing, Networking and Applications (MetaCom),
Kyoto, Japan, 2023, pp. 9-16. https://doi.org/10.1109/MetaCom57706.2023.00018.

Yousafzai A, Sheeraz MM, Pogrebna G, et al. Blockchain for the metaverse: Recent advances, taxonomy, and future
challenges. Journal of Network and Computer Applications. 2025, 244: 104355. https://doi.org/10.1016/j.jnca.2025.104355.
Liu Z, Huang Y, Mai J, et al. Is the metaverse really coming to fruition? A survey of applied metaverse and extended reality.
High-Confidence Computing. 2026, 6: 100376. https://doi.org/10.1016/j.hcc.2025.100376.

Alcindor M, Delton J, Alcindor-Huelva P. Heritage places as the settings for virtual playgrounds: perceived realism in
videogames, as a tool for the re-localisation of physical places. International Journal of Heritage Studies. 2022, 28(7): 865-
883. https://doi.org/10.1080/13527258.2022.2091638.

Busselle R, Bilandzic H. Fictionality and Perceived Realism in Experiencing Stories: A Model of Narrative Comprehension
and Engagement. Communication Theory. 2008, 18(2): 255-280. https://doi.org/10.1111/j.1468-2885.2008.00322 x.
Appadurai A. Introduction: Place and Voice in Anthropological Theory. Cultural Anthropology. 1988, 3(1): 16-20. https://doi.
org/10.1525/can.1988.3.1.02a00020.

Kuhn TS. The structure of scientific revolutions. University of Chicago Press; 1962.



