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ABSTRACT

The seamless integration of digital and virtual representation has broadened the
designers scope of creative exploration, making great progress for the fashion
industry itself. 3D virtual clothing has facilitated innovative and immersive engagement
between designer and consumer, opening a new level of personalization. This
research explores the integration of Virtual Reality (VR) technology into the fashion
design process, addressing the theme of "Forming Futures" by demonstrating how
creative application of digital technologies can drive sustainable change within the
fashion design ecosystem. Leveraging the power of virtual simulation, while
exploration designers can create and manipulate virtual prototypes, enhance design
iterations and enhance efficiency throughout the design and production phases.

This paper explores the role of VR integration within the Fashion Design process,
through a case study analysis. By studying the user engagement, while running a
virtually rendered simulation the researcher documented the user's journey of
zooming in and scrutinizing every seam, texture, and design element, which revealed
insightful advantages and challenges. The immersive experiential journey presents
significant opportunities for sustainable practices, allowing for more innovative and
flexible design processes. Our findings indicate that VR enhances the experience of
representation of fashion garments, saving considerable materials, time, and effort by
visualizing the final outcome on screen in a 3D setup instead of making the actual
garment physically.

The study builds a discourse on practical implications of integrating VR into the fashion
design process and highlights future research directions in this emerging field. By
advocating for ethical uses of VR and digital simulations, to drive creative exploration
a balance between digital and physical representation within the fashion design
practice can be achieved. Thus enabling the promotion of a future where technology
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and sustainability go hand in hand, ensuring that the fashion industry evolves
responsibly and innovatively aligning to the Sustainable Development Goals as we
move towards responsible consumption and disposal.

Keywords: virtual reality, sustainability, fashion design representation, virtual
garments, digital prototyping

INTRODUCTION

The ever-evolving fashion design industry has made significant transformation from
traditional processes to contemporary tech driven processes. This has led the way for
a dynamic creative design innovation and sustainable practice, both for academic, as
well as commercial purposes, fast pacing the visualization, ideation and prototyping
process. VR today presents a promising opportunity of creative exploration to the
creator and an immersive experience for the consumer creating a very engaging
connection, opening a new level of personalization. This research explores the
integration of Virtual Reality (VR) technology into the fashion design process,
addressing the theme of "Forming Futures" by demonstrating how creative application
of digital technologies can drive sustainable change within the fashion design
ecosystem.

The study builds a discourse on practical implications of integrating VR into the fashion
design process and highlights future research directions in this emerging field. By
advocating for ethical uses of VR and digital simulations, to drive creative exploration
a balance between digital and physical representation within the fashion design
practice can be achieved. Thus enabling the promotion of a future where technology
and sustainability go hand in hand, ensuring that the fashion industry evolves
responsibly and innovatively aligning to the Sustainable Development Goals as we
move towards responsible consumption and disposal. The objective is to bridge the
gap between traditional fashion education and the requirements of a technology-
integrated industry, with an emphasis on sustainability and innovation. The integration
of Virtual Reality (VR) and extended reality (XR) technologies is significantly impacting
fashion design education and other interdisciplinary domains, creating avenues for
immersive and resource-efficient workflows. VR's capability to enable virtual
prototyping and garment visualization not only fosters creativity but also reduces
dependency on physical materials, aligning with sustainability objectives (Smith et al.,
2022). Virtual fashion shows and immersive design tools like Clo3D have already
demonstrated VR's potential to redefine how fashion is showcased and consumed
(Kang et al., 2020).

The integration of digital technologies has revolutionized the fashion industry, offering
innovative pathways for creativity, sustainability, and efficiency. Virtual Reality (VR) has
emerged as a transformative tool, enabling designers to create virtual prototypes,
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optimize workflows, and enhance consumer engagement through immersive
experiences. As the fashion industry expands into new domains such as virtual fashion
shows, gaming, and the metaverse, the demand for advanced technological skills
among designers has intensified. The ability to design and showcase 3D virtual
garments not only minimizes material waste but also aligns with global sustainability
goals, addressing the urgent need for responsible consumption and production.

Despite these advancements, traditional fashion education in many regions, including
India, lags in equipping students with the skills required to harness these technologies.
Conventional methods often fail to prepare learners for the rapidly evolving demands
of a technology-integrated industry. Incorporating VR and extended reality (XR) into
fashion education offers an opportunity to bridge this gap, empowering students to
adapt to contemporary design challenges and future market trends.

LITERATURE REVIEW

The integration of Virtual Reality (VR) and extended reality (XR) technologies is
significantly impacting fashion design education and other interdisciplinary domains,
creating avenues for immersive and resource-efficient workflows. VR's capability to
enable virtual prototyping and garment visualization not only fosters creativity but also
reduces dependency on physical materials, aligning with sustainability objectives
(Smith et al., 2022). These innovations are vital in preparing students for emerging
domains such as gaming, the metaverse, and digital personas, where digital fashion
expertise is highly sought after (Wang et al., 2023). Virtual fashion shows and
immersive design tools like Clo3D have already demonstrated VR's potential to
redefine how fashion is showcased and consumed (Kang et al., 2020).

Recent studies emphasize the transformative role of simulation tools in bridging the
gap between academia and industry. Virtual simulation-based teaching and learning
strategies are central to Industry 5.0's human-centric paradigm, fostering
collaborative and agile learning processes in higher education institutions
(Kulanthaivel, 2023). These methods are particularly beneficial for Millennials and Gen
Z learners who thrive in digital environments. Heutagogy approaches, such as
simulations and virtual twins, provide interactive and cost-effective learning
environments that cater to diverse learner profiles, including kinaesthetic learners who
excel through experience and visualization. This aligns with the evolving need to equip
students with industry-ready skills in a rapidly changing technological landscape
(Kulanthaivel, 2023). Papachristou & Bilalis (2016) propounded that the enhanced
visualization capabilities of 3D technology enable designers to make more informed
decisions and improve communication across the production chain.

Moreover, the adoption of emerging technologies like 3D printing and design is
recommended for engineering education to align with Industry 4.0 and Industry 5.0
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skill requirements (Pradhan, 2023). Incorporating courses on 3D design and virtual
simulation in professional curricula helps build competencies in innovative design
thinking and collaborative problem-solving. These approaches emphasize active,
student-centered learning processes that resonate with the future demands of
education and industry (Pradhan, 2023).

Despite the advancements, the integration of VR/XR in Indian fashion design
education remains limited. Conventional pedagogies fail to prepare students for new-
age demands like digital fashion and virtual workflows. Lee and Kim (2021) highlighted
that VR enables a risk-free space for experimentation, fostering innovation and
reducing material waste. However, barriers such as high costs, lack of technical
expertise, and limited access to VR infrastructure hinder widespread adoption, as
noted by Jones and Martin (2021). The gaps in implementing VR-based learning call
for a robust exploration of its impact on student learning outcomes, creativity, and
industry readiness. However, as digital technologies continue to advance, their ability
to accurately simulate physical processes is improving, which may help overcome
these reservations as proposed by Papachristou & Zolota-Tatsi (2024).

The literature reveals gaps in the seamless integration of Virtual Reality (VR) into the
fashion design process, particularly in education and practice. There is a lack of
focused research on how VR-driven workflows enhance creativity, efficiency, and
sustainability beyond conventional methods. Additionally, while VR has proven
potential in immersive design and consumer engagement, limited studies have
explored its long-term impact on personalized user experiences and sustainable
practices within the fashion ecosystem. Finally, the absence of comprehensive
frameworks for balancing digital and physical representation highlights the need for
further exploration into ethical applications of VR that align with Sustainable
Development Goals.
e Fashion education lacks integration of VR technologies, limiting student
preparedness for emerging industry demands.
e Current workflows fail to leverage VR's potential for sustainable practices like
material waste reduction and process optimization.

METHODOLOGY
This study analyzes the integration of Virtual Reality (VR) for showcasing fashion
garments, emphasizing the process of digital garment creation and virtual exhibition.
The methodology combines design experimentation and participant interactions to
explore the potential of VR in enhancing the presentation of fashion garments.
Methods Used for Research
1. Collaborative Design Process
A collaborative effort with fashion design students formed the foundation of this
study. Students used Clo3D, a state-of-the-art 3D garment simulation
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software, to design and simulate garments. This tool was selected for its robust
fabric physics, realistic draping capabilities, and advanced design tools. The
iterative design process allowed students to experiment with materials,
textures, and patterns virtually, reducing the dependency on physical
prototyping.

2. Digital Export and Format Optimization
Garments were exported in .glb format to ensure compatibility with Unity,
preserving the visual fidelity of cloth simulation. Additionally, Alembic (.abc)
files were exported for advanced animation and material representation. The
export process emphasized maintaining high-quality details, ensuring an
accurate representation in the VR environment.

3. Environment Creation in Unity
The VR environment was developed using Unity, leveraging assets from the
Unity Asset Store to build a classical interior scene resembling a museum.
High-quality textures, dynamic lighting, and spatial elements were carefully
chosen to complement the aesthetic of the garments. Garment models were
integrated into Unity and positioned within the immersive interior environment,
creating a cohesive and engaging VR experience as shown in (Figure 3).

4. VR Walkthrough Development
Using Unity's XR Interaction Toolkit, a VR walkthrough was implemented to
allow participants to navigate freely within the environment.

o Navigation Techniques: Teleportation-based movement was
developed, enabling users to explore the environment and view the
garments from various angles.

o Interactive Features: Interaction scripts were incorporated to allow
viewers to zoom in and out on specific garment details, such as seams,
textures, and patterns. The camera controls were fine-tuned to ensure a
smooth and seamless VR experience.

5. Participant Engagement and Perspective Gathering

o Interactive Sessions: Participants were invited to engage with the VR
setup, where they navigated the environment and interacted with the
garments.

o Perspective Exploration: Direct interactions and informal
conversations with participants were conducted to understand their
experiences, preferences, and insights into the VR exhibition. Feedback
was gathered on elements like ease of navigation, garment detalil
visibility, and overall immersion in the environment.

o Observational Studies: Observations were made during these sessions
to identify natural navigation patterns, areas of interest, and levels of
engagement with the garments and VR features.

Implementation and Outcomes
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The VR environment was tailored to create an interactive and immersive experience:

e Garment Display: The .glb garment models were positioned within the virtual
museum, allowing participants to explore them from various perspectives.

e Zoom-In/Zoom-Out Features: These features (Figure: 4) enabled users to
inspect intricate garment details, such as textures, seams, and patterns,
enhancing their understanding of the design intricacies.

e Sustainability Focus: The VR-based approach minimized resource use,
eliminating the need for physical garment production, venue setup, and
associated travel emissions.

This structured methodology facilitated an in-depth exploration of the transformative
potential of VR in fashion presentations, paving the way for future advancements in
virtual garment showcases.

RESULTS AND DISCUSSIONS

This experiment highlights the transformative potential of VR in fashion presentations,
offering a sustainable, engaging, and innovative alternative to traditional methods.
While the VR approach enhances accessibility and user interaction, its effectiveness
and scalability depend on overcoming technical and cost-related barriers. Feedback
from participants who experienced the virtual museum setting provided valuable
insights into user perceptions and preferences, paving the way for refining this
methodology further. From a sustainability perspective, this VR approach eliminated
the need for physical garment production and minimized resources associated with
traditional fashion shows, such as venue costs, travel emissions, and lighting setups.
Moreover, the ability to iterate designs digitally before final production significantly
reduced material waste. However, the VR format also introduced challenges, including
the steep learning curve for designing and integrating garments in digital
environments, and the potential high costs of VR equipment and software licensing.

This showcase transcends conventional presentations, embracing the immersive
world of VR (Figure 5). Visitors can walk around and interact with meticulously crafted
virtual garments, exploring intricate details up close with VR headsets, creating an
unparalleled experiential journey.

The garments showcased in this study (Figure: 1 & 2) represented a blend of ancient
historical styles - such as Mesopotamian, Egyptian, Greek, and Victorian - and their
contemporary reinterpretations. While the historical versions emphasized authenticity
in materials and craftsmanship of the respective eras, the contemporary versions
demonstrated modern aesthetics and sustainable principles. This dual narrative added
depth to the presentation, illustrating the evolution of fashion across timelines.
However, the emphasis of the study extended beyond this theme, aiming to assess
the broader potential of VR as an innovative medium for presenting and experiencing
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fashion.

The insights gained from this study provide a foundation for future explorations into
VR's applications in fashion. By refining the methodologies and addressing identified
challenges, VR can become a transformative tool for the industry, opening new
avenues for designers, educators, and brands to connect with their audiences in
meaningful and sustainable ways.

Figure 1: Digital garments created in clo3D for Greek & Egypt Period to show Ancient
& Contemporary versions

Figure 2: Digital garments created in clo3D for mesopotamia & Victorian Period to
show Ancient & Contemporary versions

’ ‘S% 1 s = — - e
Figure 3: garment models integrated into Unity and positioned within the immersive
interior environment for the VR experience
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Figure 4: Screenshots showcasing zoom-in and zoom-out features, enabling users to
closely examine intricate garment design details

Advantages of the VR Approach: From a sustainability perspective, this VR
approach eliminated the need for physical garment production and minimized
resources associated with traditional fashion shows, such as venue costs, travel
emissions, and lighting setups. Moreover, the ability to iterate designs digitally before
final production significantly reduced material waste. The immersive virtual
environment also allowed for scalability and global accessibility, offering a cost-
effective and environmentally friendly alternative to conventional showcases.

Figure 5: Audience interacting with digital garments, examining details like textures
and seams through VR

Challenges and Learning Opportunities: While the advantages of VR in fashion are
evident, challenges emerged during the implementation process. The steep learning
curve for mastering tools like CLO 3D and Unity, combined with the high cost of VR
equipment and software licenses, posed barriers to adoption. However, these
obstacles also provided valuable learning opportunities, especially for the participating
students, who gained hands-on experience in cutting-edge technologies shaping the
future of fashion design.

Integration with Educational Goals: This case study highlighted the pedagogical
benefits of VR in fashion design education. By allowing students to practice and iterate
designs in a digital space, the experience fostered creativity, minimized material
waste, and enhanced learning outcomes. Participants could evaluate their designs in
real-time, gaining a deeper understanding of garment construction and the creative
process. Such hands-on, interactive learning aligns with studies indicating that virtual
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simulation-based education facilitates over 75% retention, proving to be more
effective and engaging than conventional methods.

CONCLUSION

This study underscores the transformative potential of Virtual Reality (VR) in
revolutionizing fashion design processes and presentations, marking a significant
departure from traditional methods. The integration of VR technology offers a dynamic
and interactive platform, empowering designers and audiences alike by enhancing
accessibility, sustainability, and user interaction. By enabling immersive experiences,
VR bridges the gap between creators and spectators, offering a unique opportunity to
explore garment designs in detail and within engaging virtual environments.

The thematic inclusion of ancient and modern garment styles added depth and
narrative richness to this study. Historical garments represented traditional
craftsmanship and cultural authenticity, while contemporary designs showcased
modern aesthetics and sustainable principles. This dual narrative highlighted the
evolution of fashion over time, but the primary focus remained on exploring how VR
could transform fashion presentation and interaction. Feedback from participants who
engaged with the virtual museum environment confirmed the value of VR in fostering
a sense of presence, personal connection, and deeper engagement with fashion
designs. These insights offer a valuable foundation for refining VR methodologies
further, ensuring they meet both creative and practical needs.

Despite its evident potential, the integration of VR in fashion faces several challenges
that need to be addressed for widespread adoption. Key barriers include the steep
learning curve associated with mastering VR software and tools, the high initial costs
of equipment and software licensing, and the need for comprehensive training
programs. Tackling these issues requires a multi-pronged approach involving industry
stakeholders, educational institutions, and technology providers. By investing in
accessible tools and training initiatives, the fashion industry can democratize the use
of VR, enabling designers of all skill levels to explore this innovative medium.

For educational institutions, the integration of VR technology represents an
opportunity to equip students with cutting-edge skills that align with the industry's
evolving demands. Establishing VR-based workflows as part of contemporary fashion
design curricula would allow novice designers to experiment, iterate, and innovate
without the constraints of traditional methods. By fostering an environment that
encourages creative risks, educators can empower students to push the boundaries
of design while embracing sustainable practices. This shift would not only prepare
students for the future of fashion but also contribute to the industry's broader
transition toward sustainability and technological integration.
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Looking ahead, further research is essential to establish strategic workflows that
streamline VR adoption in the fashion sector. This includes identifying best practices
for integrating VR into design, presentation, and educational frameworks. Future
studies could also explore how VR can complement other emerging technologies,
such as artificial intelligence and 3D printing, to create holistic, tech-driven solutions
for the industry.

By addressing the technical and cost-related challenges, VR has the potential to
redefine the way fashion is created, showcased, and experienced in the future. Its
ability to combine interactivity, sustainability, and innovation positions it as a pivotal
tool in shaping the next chapter of fashion. As technology continues to evolve, the
fashion industry must remain adaptable and forward-thinking, embracing VR and
similar advancements to stay relevant and impactful in an increasingly digital world.
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