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Abstract: Graffiti makes a city’s landscape beautiful while simultaneously being considered illegal
and violating a city’s cleanliness and respect for public spaces. To solve these problems, we present
metaverse virtual-world technology. Within the metaverse, graffitists can freely create, share works,
and express themselves through graffiti art by virtually reproducing the walls or public facilities of
a city. The created virtual space used by the graffitists in this paper is Sungnyemun, a traditional
Korean heritage site. When comparing Roblox PC content and VR content experiences through
IPQ surveys, it was confirmed that participants in the VR content experienced a high level of realism
and local presence. Accordingly, there is a new possibility for graffiti to be recognized as a form of
urban culture and artistic expression through the metaverse.
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1. Introduction

In the dynamic intersection of urban development and cultural expression, graffiti
emerges as a vivid yet contentious art form. This study delves into its dualistic essence,
recognizing graffiti as both a medium of creative expression and a focal point of societal
debate [1]. Emblematic of urban artistry and often perceived as an act of rebellion, graffiti’s
presence in public spaces ignites discussions around legality, urban cleanliness, and respect
for public property [2]. Such a paradox presents a singular challenge: how to maintain the
cultural importance of graffiti while navigating its legal and societal intricacies [3].

Advancements in virtual reality (VR) technology, particularly in the developing realm
of the metaverse, present a pioneering solution [4]. The metaverse, a digital universe crafted
with advanced computer graphics and VR, operates in tandem with the physical world,
facilitating immersive and realistic interactions within a controlled, virtual setting [5]. This
digital space mirrors real-life dynamics but provides a unique platform that transcends the
constraints of the physical world [6].

This study proposes the integration of graffiti art into the metaverse, envisioning
it as a groundbreaking approach in tackling the inherent challenges of graffiti in phys-
ical environments [7]. Transitioning graffiti into virtual realms allows artists to express
their creativity uninhibitedly, without transgressing the boundaries of public or private
properties [8]. This innovative shift promises to preserve the integrity of urban spaces and
adhere to legal standards of artistic expression [9]. Moreover, the virtual replication of
cityscapes in the metaverse opens up a new canvas for graffiti artists, offering them a space
to exhibit their work and connect with a wider audience [10].

Through an exploration of the amalgamation of urban art and virtual technology, this
study seeks to provide an exhaustive analysis of the feasibility of a graffiti system within a
metaverse platform. By scrutinizing the amalgamation of graffiti within the metaverse, this
study aims to confront the social ramifications of graffiti and encourage artistic innovation
in a technologically advancing landscape.

Appl. Sci. 2023, 13, 13038. https://doi.org/10.3390/app132413038 https://www.mdpi.com/journal/applsci

https://doi.org/10.3390/app132413038
https://doi.org/10.3390/app132413038
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/applsci
https://www.mdpi.com
https://orcid.org/0000-0001-8883-2925
https://orcid.org/0000-0001-9292-4099
https://doi.org/10.3390/app132413038
https://www.mdpi.com/journal/applsci
https://www.mdpi.com/article/10.3390/app132413038?type=check_update&version=1


Appl. Sci. 2023, 13, 13038 2 of 13

2. Background
2.1. Development Process of Graffiti

Modern graffiti, as it is generally understood today, refers to the artwork created using
spray paint on public facilities or building walls. This art form has evolved to encompass a
wide range of styles, from basic and straightforward expressions to more elaborate and
intricate paintings. One of the key features of modern graffiti is the use of typography,
which is often complex and artistically integrated into the designs, as depicted in Figure 1.
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The development of graffiti as a prominent form of urban art dates back to the
1960s and 1970s, particularly in bustling urban centers like New York City. Initially, graffiti
was primarily composed of tags, which are stylized signatures of the artists. These tags
were a way for individuals to mark a territory or express their identity. Over time, these
tags evolved into more complex and artistic forms, including large murals which covered
entire walls or sides of buildings [11,12].

The rise of graffiti coincided with a period of significant socio-political change. For
many artists, graffiti became a medium for social and political expression [13]. It was a
way for voices that were often marginalized or overlooked to be heard in a very public
and visual manner. The walls of cities became canvases for commentary on societal issues,
personal messages, and artistic expression [14].

Graffiti’s evolution from simple tags to elaborate murals reflects a broader conceptual
and expressive development in the art world. Since the 1970s, discussions about graffiti
have become increasingly prominent in art circles, often focusing on its role as a form of
avant-garde art [15]. These discussions revolve around topics such as the legitimacy of
graffiti as an art form, its impact on urban spaces, and its expression of social and political
themes [16]

Expanding this perspective, academic studies in art history, sociology, and urban
studies have explored graffiti’s role as a voice for marginalized groups and a tool for
identity construction in urban environments [17].

In art history, graffiti’s journey from streets to galleries is epitomized by artists like
Jean-Michel Basquiat, who began under the tag “SAMO” in New York City. His work,
merging street art with various artistic styles, exemplifies the transition from graffiti to
recognized fine art, challenging traditional art norms [18]. This transformation, pivotal in
post-modern art, highlights graffiti’s role in introducing new aesthetics and perspectives,
often studied to understand the evolution of contemporary art [19].

Sociologically, graffiti serves as a lens for viewing subcultures and identity formation,
particularly among youth. Graffiti culture in the 1970s’ Bronx, closely tied to hip-hop, is
a classic example of how street art helped shape community identity. Moreover, graffiti
is analyzed as a medium of social and political commentary, offering insights into public
sentiments during times of unrest. The graffiti in Athens during Greece’s economic crisis
are a poignant example, illustrating how public expression in urban spaces can reflect and
influence societal narratives.
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In urban studies, graffiti’s impact extends to urban regeneration and policy-making.
The Wynwood Walls in Miami demonstrate how graffiti can transform neglected areas into
vibrant cultural hubs, prompting discussions on urban renewal. Cities like Melbourne,
renowned for their graffiti-laden laneways, provide case studies for urban planners and pol-
icymakers, balancing the need to control vandalism while fostering urban art and culture.

2.2. The Problems of Graffiti

There was an incident in which a young Korean artist damaged part of the Berlin Wall,
a piece of which he donated to the Seoul Metropolitan Government in hopes of peace on
the Korean Peninsula. This case, shown in Figure 2, was criticized in Korea at the time
and became an important example of how graffiti undermines the importance of cultural
properties and becomes a problem [20].
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Figure 2. The Berlin Wall damaged with graffiti, Seoul, Korea.

Graffiti, often involving the use of spray paint, markers, or other stubborn-to-remove
materials, poses a distinctive social problem by causing damage to both public and private
property. This damage, as illustrated in Figure 3, can extend to buildings, bridges, and
various infrastructures, necessitating costly repairs [21]. Furthermore, graffiti can detract
from the aesthetic appeal of local traditional cultural heritage sites, making them appear
old and unattractive. This is further emphasized in Figure 4, where graffiti’s impact on the
appearance of a cultural heritage site is evident [22].

Appl. Sci. 2023, 13, x FOR PEER REVIEW 3 of 14 
 

graffiti is analyzed as a medium of social and political commentary, offering insights into 
public sentiments during times of unrest. The graffiti in Athens during Greece’s economic 
crisis are a poignant example, illustrating how public expression in urban spaces can re-
flect and influence societal narratives. 

In urban studies, graffiti’s impact extends to urban regeneration and policy-making. 
The Wynwood Walls in Miami demonstrate how graffiti can transform neglected areas 
into vibrant cultural hubs, prompting discussions on urban renewal. Cities like Mel-
bourne, renowned for their graffiti-laden laneways, provide case studies for urban plan-
ners and policymakers, balancing the need to control vandalism while fostering urban art 
and culture. 

2.2. The Problems of Graffiti 
There was an incident in which a young Korean artist damaged part of the Berlin 

Wall, a piece of which he donated to the Seoul Metropolitan Government in hopes of peace 
on the Korean Peninsula. This case, shown in Figure 2, was criticized in Korea at the time 
and became an important example of how graffiti undermines the importance of cultural 
properties and becomes a problem [20]. 

 
Figure 2. The Berlin Wall damaged with graffiti, Seoul, Korea. 

Graffiti, often involving the use of spray paint, markers, or other stubborn-to-remove 
materials, poses a distinctive social problem by causing damage to both public and private 
property. This damage, as illustrated in Figure 3, can extend to buildings, bridges, and 
various infrastructures, necessitating costly repairs [21]. Furthermore, graffiti can detract 
from the aesthetic appeal of local traditional cultural heritage sites, making them appear 
old and unattractive. This is further emphasized in Figure 4, where graffiti’s impact on the 
appearance of a cultural heritage site is evident [22]. 

 
Figure 3. Samjeondobi monument damaged with graffiti, Seoul. Figure 3. Samjeondobi monument damaged with graffiti, Seoul.

These instances underscore graffiti’s destructive and financially burdensome impact
on urban communities. Graffiti can lead to a reduction in property value, create safety
hazards, and negatively affect community perceptions, which, in turn, can interfere with
business operations and tourism [23]. Traditional punitive measures, such as fines and
prosecutions, have often been inadequate in addressing these issues, as they tend to
overlook the underlying causes of graffiti.
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In summary, while graffiti can be an expressive art form, its unregulated application
can lead to significant challenges for urban environments, affecting both the aesthetics and
economic well-being of communities.

2.3. Benefits of the VR Metaverse

The metaverse, a concept increasingly gaining traction in both technological and
academic circles, represents a virtual space where digital and real worlds converge. Cen-
tral to this convergence are technologies like virtual reality (VR), augmented reality (AR),
and 3D computing. These technologies collectively forge a platform that offers an un-
precedented level of immersion and interaction, key elements which define the metaverse
experience [24–26].

In the context of VR within the metaverse, “Reality” and “Spatial Presence” are two
fundamental aspects that academics focus on to understand and articulate its advantages.
VR technology, through its use of computer-generated 3D environments, facilitates experi-
ences that are remarkably similar to real life [27].

‘Spatial Presence’, a crucial component in VR, refers to the sensation of physically being
in a virtual environment. This sensation is more profound in VR compared to traditional
2D interfaces [28]. In VR, users wear specialized headsets that track head movements
and adjust the visual displays accordingly, creating a highly immersive experience which
mimics real-life interactions [29]. This feature of VR in the metaverse allows for a sense
of presence that goes beyond what is possible in conventional computer interactions. For
instance, while playing a game on a PC involves using a mouse and keyboard to interact
with a 3D environment on a 2D screen, VR employs motion controllers and head-tracking
to facilitate a more natural and intuitive interaction with the virtual world.

In VR, the objects and elements of a game or virtual environment can be manipulated
through physical hand gestures, adding a layer of realism and tangibility to the experience.
This ability to interact with the virtual environment in a manner that closely mimics real-
world interactions significantly enhances the sense of spatial presence. Users are not just
passive observers but active participants in the virtual world, experiencing it in a 360-degree
environment [30].

This heightened sense of presence and realism in the VR-powered metaverse has
far-reaching implications. It opens up new possibilities for experiential learning, immersive
entertainment, and realistic simulations for training purposes across various fields. In
the metaverse, these experiences are not confined by the physical limitations of the real
world, offering a new realm of exploration and interaction which is both innovative and
transformative [31].

2.4. Roblox

Roblox is a powerful metaverse platform that has had a significant impact on creativity
and socialization. This platform created a thriving community of game developers and
designers and provided students with an attractive learning experience. This allows users
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to create their own games and socialize and interact with other players. Roblox creates a
virtual world where players can interact with other players around the world.

In Roblox, graffiti can be experienced without damaging real buildings or walls.
Drawing graffiti in a virtual environment is a way to express art freely without legal
problems. In addition, when graffiti is drawn on a real building or wall, it is very difficult
to modify or erase it. However, if one draws graffiti on the Roblox platform, one can easily
modify or remove it completely. This is advantageous for experiments and learning and
reduces the burden of unwanted results.

This offers creative possibilities that are difficult to experience in real graffiti. Accord-
ingly, experiencing graffiti in Roblox solves legal and environmental problems, physical
risks, and resource constraints, thus enabling creative and diverse experiences.

There have been applications for graffiti or drawings in virtual environments, but
few users participate in these together. Table 1, below, is a table that summarizes graffiti
contents using VR. All of the specified applications are tools that enable creative activities
in a VR environment. Medium and Gravity Sketch are 3D tools that can be modeled in the
air. Kingspray Graffiti VR, Vermillion, and Gravity Sketch have a collaborative function,
but only a small number of people, four or less, can participate. The proposed system
in Roblox allows up to 50 users to draw graffiti in the same virtual space. Through this,
murals can be produced in collaboration with various users.

Table 1. VR painting content examples.

Title Dimensions of the
Painting Object

The Object on Which the
Picture Is Drawn Maximum Player

Kingspray Graffiti VR 2D A wall 4

Open Brush 3D The air Single

Vermillion 2D A canvas 4

Medium by Adobe 3D The air Single

Painting VR 2D A canvas Single

Gravity Sketch 2D The air 4

Proposed System 3D A three-dimensional object 50

3. Proposal of Graffiti System Development
3.1. VR System Development

In Roblox Studio, an interaction between local and server scripts is required for a
user to deliver scripts to all clients through the server. The flowchart used to address
this situation is presented in Table 2. In this strategy, objects created by a client are not
transmitted to the server. Instead, the server directly creates and manages the objects.

This methodology promotes a unified control mechanism, minimizing potential unau-
thorized changes or vulnerabilities from separate clients. By designating the server as the
main entity for generating and overseeing objects, the game’s environment remains stable
and secure. Additionally, this strategy boosts efficiency, as the server is adept at processing
and disseminating essential data to every active client without awaiting distinct client re-
sponses. This consolidated framework eases the process of identifying and resolving issues,
allowing developers to concentrate on the server’s operations without the distraction of
diverse client-side behaviors.

The term metaverse refers to a virtual space in the digital world, where users can
engage in various activities through their avatars. Avatars are your digital representatives,
responsible for your actions and interactions within the metaverse. In this metaverse space,
avatars can utilize various tools. You can use brushes of various sizes, especially when
you are performing activities related to drawing. Large brushes are useful for painting
large areas of a background color or drawing rough sketches, and small brushes are used
for drawing or adding details. Using these different sizes of brushes, you can increase the
expressiveness of your paintings. In addition, a palette menu allows users to select and
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use the color they want by offering a palette of different colors that the user can choose
from and apply to their picture. If you make a mistake or want to fix something while
drawing, you can easily fix it using the mop tool. The mop tool is a tool used to erase or
modify parts of a picture, allowing the user to select and erase only the parts that he or she
wants. Using this mop tool, you can freely modify and create high-quality works, even in
the middle of painting.

Table 2. VR system development sequence.

VR System Development Sequence

Sequence Contents

1
Using the local script, obtain the location value of an object that can judge
collisions, such as the exterior of a building, when the mouse or VR controller
clicks on the screen.

2
When an object is created using a local player’s VR controller, the local script
detects this action.

3
The local script uses RemoteEvent or RemoteFunction to transmit this information
to the server script. The information to be sent includes attributes such as the
position, direction, size, and color of the object.

4
The server script detects the call to RemoteEvent or RemoteFunction and uses the
received information to create a new object.

5
The server script adds the created object to the “Workspace” or a suitable parent
object to transmit it to all clients.

6
Each client detects the object created by the server in their game environment and
displays it on their screen, including the attributes which had been created by
the server.

Roblox is generally accessed using a PC or mobile device. To improve user interaction and
painting experience with the tools, we developed a method for improving immersion through
a VR input device. Figure 5 shows the operation method of a Meta Quest 2 controller, which
is a VR device, in Roblox.
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The left controller’s button 1 is used for player movement, allowing the user to
navigate through the virtual space. Button 2 is a toggle for the user interface (UI), providing
access to the system’s menu and various features. Button 3 is designated as a tool-select
button on the left controller, which can be used to switch between different tools.

On the right controller, button 4 functions similarly to a mouse left-click and may be
used for selecting items or painting on walls within the VR environment. Button 5 also
serves as a tool-select button, mirroring the function of button 3. Button 6 is utilized to
exit games or applications, a standard feature for navigating back to the main menu or
closing a program. Button 7 corresponds to the jump action, a common control in many
VR games, enabling the player to leap within the virtual environment. Finally, button 8
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allows for switching between VR mode and other modes, enabling both stationary or seated
experiences and fully immersive environments.

Figure 6 shows how the Roblox software and VR hardware are connected. The
VR controller input can be processed using programming. The VR controller can be
programmed to recognize movements and button clicks using a Lua script. Tools can be
developed to create graffiti in VR. These tools should allow users to draw using a VR
controller by leveraging its movement and location data. In order to start accessing Roblox
using VR, install and run the Oculus PC app on your computer. Additionally, create a user
interface (UI) within the VR environment that enables users to choose colors. Instead of
traditional UI elements, VR controllers can be used to select colors from color palettes. If
MetaQuest 2 is used, the meta-link functionality can be enabled. Turn on your Meta Quest 2
device, navigate to the “Settings” menu, select “Device”, and activate “Meta-Link”. Finally,
install and run “Roblox Player” on your PC. Ensure that the “Meta-Link” is enabled on
your MetaQuest 2 device before launching “Roblox Player”.
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3.2. Metaverse Cultural Heritage Selection

To explain the significance of graffiti activities within the metaverse, this study aimed
to address a virtual environment that includes Sungnyemun, in Korea. Sungnyemun Gate
is a historic building located in Jung-gu, Seoul, Republic of Korea, and is an important
cultural point connecting Gyeongbokgung Palace, a Joseon dynasty palace, and the center
of Seoul. This gate symbolizes the national importance and authority of the Joseon dynasty,
as well as the history and cultural heritage of Korea [32].

However, as shown in Figure 7, from the 10th to the 11th of February in 2008, Sungnye-
mun was burned by arson [33]. This emphasized the importance of cultural properties and
their management and remains a symbol that raised awareness of the fact that descendants
should not neglect to preserve cultural heritage. Fortunately, Sungnyemun has been re-
built, and many domestic and foreign tourists have visited it to experience the history and
traditions of the Joseon dynasty and the cultural values of Korea [34].
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There are various reasons for including Sungnyemun, which has cultural heritage and
historical value, in the metaverse.

First, the metaverse can make cultural heritage sites like Sungnyemun accessible to
a broader audience, including those who may not have the means or ability to visit in
person [35]. This digital inclusivity ensures that more people can experience and appreciate
cultural heritage, regardless of geographical or physical limitations.

Second, recreating Sungnyemun in the metaverse is an opportunity for digital preser-
vation. This is particularly important in safeguarding this site against potential damage due
to natural disasters, human conflict, or environmental degradation [36]. Digital archiving
in the metaverse can serve as a lasting record of cultural heritage sites in their current state
for future generations.

Third, the metaverse offers an engaging and interactive platform for education.
Younger generations, who are native to digital environments, might find learning about
cultural heritage more appealing in a virtual space [37,38]. This approach can be especially
effective in schools and educational programs, offering a dynamic way of teaching history
and culture.

Fourth, the metaverse allows for innovative forms of artistic and cultural expression
that can complement traditional interpretations. It can be a platform for contemporary
artists and cultural practitioners to reinterpret and showcase cultural heritage in new,
creative ways [39,40].

Beyond physical sites, the metaverse can be used to preserve and promote intangible
cultural heritage, such as music, dance, rituals, and languages. This aspect of cultural
heritage is often harder to preserve, and the metaverse offers a unique platform for its
continuation and evolution. Figure 8 shows a 3D Sungnyemun modeling file installed on
the Roblox platform and a virtual reality world implemented with graffiti functions.
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4. Experiments and Result

In a study involving 62 participants, they were evenly divided into two groups to
explore different content versions on PC and VR, each group comprising 31 individuals. The
entire experience lasted for 60 min and was then followed by a survey to gather feedback.
All the participants were college students in their twenties who had never experienced
VR content before. Both the PC and VR users were first introduced to a 20 min tutorial on
the interface of graffiti functions, followed by a hands-on session. After the tutorial, they
took a 10 min break and then participated in making graffiti for 30 min. For the VR group,
special safety training was conducted to instruct the participants to immediately stop the
experience if they felt any symptoms of dizziness or discomfort during the VR session.

We aimed to ascertain if the unique characteristics of VR, such as immersive interaction,
contributed to higher scores in general presence (G), spatial presence (SP), involvement
(INV), and empirical reality (REAL), as measured using the Igroup Presence Questionnaire
(IPQ). Therefore, to measure the potential influence of VR on the IPQ scores, we conducted
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a comparative experiment with a conventional gaming environment, using a keyboard and
a mouse in the PC setup.

The virtual graffiti space, while differing in the equipment used, was created un-
der identical conditions regarding objects, scale, and lighting in both the VR and PC
environments. Graffiti drawing was conducted as part of a collaborative effort in both
environments. The participants were able to draw using one of three different-sized
brushes—small, medium, and large. The participants were divided into three groups based
on the brush size they possessed. The smaller brushes allowed for finer details but covered
a smaller area, whereas the larger brushes could cover larger areas but lacked the ability to
depict fine details. This necessitated participants to collaborate and consult each other to
complete a drawing.

Both the VR and PC participants performed tasks in an environment where real-
world conversation with other participants was not possible. The participants in each
environment used Roblox’s spatial voice function for social interaction, enabling real-time
communication with surrounding users through a microphone located on their virtual
avatar. The closer a user is to others, the louder their voice becomes, and vice versa. This
technology facilitated idea- and presentation-sharing among the graffiti groups in the
metaverse space.

The participants in the VR environment could view the virtual space in 360 degrees
using a VR HMD. The left VR controller was used for avatar movement, while the right
VR controller allowed participants to draw on walls, simulating holding a brush. A color
palette on the right UI could be used to select colors with the right controller for painting.
This interaction, compared to the PC environment where movement is controlled by a
keyboard and drawing and rotation by a mouse, offers more realistic movements and, hence,
a more immersive graffiti experience. We proceeded with the PC and VR environment as
follows for the experiment:

• OS: Windows 11;
• CPU: Intel(R) Core(TM) i7–10870H 2.20 GHz;
• RAM: 16.0 GB;
• GPU: NVIDIA GrForece RTX 3070 Laptop;
• VR Device: Meta Quest 2.
• Roblox Studio software version: 0.604.0.6040509
• Oculus software version: 59.0.0.179.366

In this study, the IPQ developed by Schubert et al. (2001) was modified and used to
reflect the characteristics of virtual reality. The modified IPQ comprised fourteen questions,
as follows: one general question, five questions about local presence, four questions about
immersion in the virtual world, and four questions about practicality. The reliability of the
IPQ test paper was reported as 0.87. Table 3 shows the complete questionnaire form for
the IPQ.

By evaluating the 14 items in the IPQ on a Likert 7-point scale, we can determine
four measures of presence. The first is general presence, which evaluates the overall
presence. The second is spatial presence, which means a sense of physical existence in a
virtual environment. The third is the degree of participation, which measures interest and
participation. The fourth is empirical reality, which measures the subjective experience of
reality in a virtual environment.

Figure 9 and Table 4 show the results of the IPQ when using a PC and VR. Item “G”
exhibited the highest result at 5.74 points. “SP” approached 5.14 points (SD = 0.63). The
scores of “INV” and “REAL” were both above-average, with 4.37 points (SD = 0.64) and
4.06 points (SD = 0.93), respectively. As a result of the PC survey, the scores of items “G”,
“SP”, “INV”, and “REAL” were 4.10, 3.25 (SD = 0.36), 3.04 (SD = 0.25), and 2.90 (SD = 0.71),
respectively. The VR users scored higher than the PC users. This analysis confirmed that the
participants using the VR devices experienced higher levels of local presence, immersion,
and realism in the virtual world than those using the PC devices. Also, if this score was
converted into an adjective grade, it would be displayed as “normal”. For our qualitative
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evaluation, we collected what the participants felt after the user experience through the last
question of the survey. VR provided users with a 360-degree 3D environment, making them
feel as if they had jumped into a real-world-like environment. Through VR controllers or
hand-tracking functions, users can directly interact with the environment with their hands
or body movements. VR allowed the participants to interact with people far away as if they
were in the same space and experienced a new social experience through the multiplayer
function. Therefore, we can apply the proposed VR system.

Table 3. IPQ items.

Igroup Presence Questionnaire (IPQ) Items

Category Question Scale Range

G1 In the computer-generated world I had a sense of “being there” 1 (not at all)–7 (very much)

SP1 Somehow, I felt that the virtual world surrounded me. 1 (fully disagree)–7 (fully agree)

SP2 I felt like I was just perceiving pictures. 1 (fully disagree)–7 (fully agree)

SP3 I did not feel present in the virtual space. 1 (did not feel)–7 (felt present)

SP4 I had a sense of acting in the virtual space, rather than operating
something from the outside. 1 (fully disagree)–7 (fully agree)

SP5 I felt present in the virtual space. 1 (fully disagree)–7 (fully agree)

INV1 How aware were you of the surrounding real world while navigating
the virtual world? (i.e., sounds, room temperature, other people, etc.)? 1 (extremely aware)–7 (not aware at all)

INV2 I was not aware of my real environment. 1 (fully disagree)–7 (fully agree)

INV3 I still paid attention to the real environment. 1 (fully disagree)–7 (fully agree)

INV4 I was completely captivated by the virtual world. 1 (fully disagree)–7 (fully agree)

REAL1 How real did the virtual world seem to you? 1 (fully disagree)–7 (fully agree)

REAL2 How much did your experience in the virtual environment seem
consistent with your real-world experience? 1 (not consistent)–7 (very consistent)

REAL3 How real did the virtual world seem to you? 1 (about as real as an imagined world)~6
(indistinguishable from the real world)

REAL4 The virtual world seemed more realistic than the real world. 1 (fully disagree)–7 (fully agree)
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Table 4. IPQ survey results.

Group Mean SD N

VR 4.65 0.89 31
PC 3.15 0.57 31

5. Conclusions

The study in question investigates the potential of VR in the metaverse as a medium
for graffiti artists, aimed at reducing the negative social impacts associated with graffiti
in the physical world. It specifically assesses the sense of realism and spatial presence
experienced by users interacting with graffiti in a VR metaverse platform, using the IPQ
for evaluation. The findings reveal that the participants experienced a heightened sense of
realism and spatial presence in the VR environment compared to the PC version, perceiving
the metaverse-based graffiti as more realistic than real-world graffiti and feeling a strong
sense of actual existence and immersion in the virtual space.

The study under consideration elucidates the potential of VR within the metaverse as
a medium for graffiti artists, yet it presents several limitations which necessitate careful
deliberation. Primarily, the absence of detailed information regarding the sample size and
diversity of the participants raises substantial questions about the generalizability of the
findings. A diverse sample, encompassing varied age groups, cultural backgrounds, and
levels of VR familiarity, is imperative for ensuring the applicability of a study’s results
across a broad demographic spectrum. Consequently, the current limitations regarding
sample representation significantly constrain the extent to which these findings can be
extrapolated to a wider population.

Moreover, this study’s lack of a comparative analysis with real-world graffiti art
constitutes a notable deficiency. Such a comparative exploration could have provided
critical insights into the congruence or divergence between virtual graffiti experiences in the
metaverse and traditional graffiti art, thereby enriching the overall depth and context of this
study’s conclusions. This comparison would have been particularly salient in delineating
the unique attributes and potential benefits of virtual graffiti, further substantiating this
study’s relevance to contemporary artistic practices.

Additionally, this study’s analytical rigor is compromised by the absence of a detailed
statistical analysis, notably the lack of reported confidence intervals and p-values. These
statistical measures are integral to evaluating the reliability and statistical significance of
research findings. Their omission casts doubt on the precision of this study’s estimates
and on the likelihood that the observed results are not mere artifacts of random chance.
Without this rigorous statistical framework, the conclusions drawn from this study must be
approached with heightened levels of scrutiny and caution.

In terms of future research directions, this study suggests a need for expansion to
include a larger and more diverse participant pool, comparative studies with real-world
graffiti experiences, an exploration of different VR technologies, an examination of long-
term effects and user engagement, and an investigation of the educational and social
impacts of graffiti in the metaverse. Additionally, the development of more sophisticated
tools and effects for VR graffiti is proposed to enhance user experience and artistic ex-
pression. This study is significant as it opens up possibilities for using the metaverse
platform in various fields such as art and design, indicating a need for in-depth research
and applications in the improvement of urban environments through the interaction of art
and metaverse technology.
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