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Purpose: The aim of the study was to determine the extent of convergence between the
concepts of virtual and sustainable fashion.

Virtual reality is gaining popularity due to its immersive nature, which enables “involvement
of the senses”. Owing to dynamic technological development, it is expanding into numerous
fields of application and provides the potential to offer innovative products. Among those is
virtual fashion, i.e., clothes and accessories that have no physical equivalent, being available to
“wear” only in virtual reality. Virtual clothing is part of the premium and exclusive product
segment, to which, in particular, the value added by the consumer is attributed. These products
are therefore communicated as an environmentally friendly alternative to physical clothing,
as they do not require the consumption of materials, thus generating no waste, using less energy
and water, etc.

Design/methodology/approach: The research consisted of two phases. The main phase was
conducted with a method of systematic literature review according to PRISMA standards,
by means of data extracted from the databases: Scopus and Ebsco (n = 13). In a supplementary
phase, there was used a method of co-occurrence keywords analysis via VOSviewer to compare
the description of strictly virtual fashion (n = 218) and sustainable fashion (n = 402). Documents
were searched in the Scopus database.

The conclusion was reached using the induction method.

Findings: The findings from the researched documents indicate that virtual fashion is
predominantly presented accordingly to the new technological possibilities it offers. Indeed,
its ecological qualities and its potential for fulfilling pro-environmental goals in the fashion
industry are briefly stated in broad terms, without reference to the specific measures or data,
mentioned, by comparison, in papers devoted solely to sustainable fashion.

Originality/value: The findings from the researched documents indicate that virtual fashion is
predominantly presented accordingly to the new technological possibilities it offers. Indeed,
its ecological qualities and its potential for fulfilling pro-environmental goals in the fashion
industry are briefly stated in broad terms, without reference to the specific measures or data,
mentioned, by comparison, in papers devoted solely to sustainable fashion.
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1. Introduction

Despite virtual reality (VR) has been created since the early 1960s (Sutherland, 1965; Lum
et al., 2020), it has become extremely popular in recent years. The term “virtual” refers to
something that exists or functions in a digital environment.

The widespread interest in virtual reality is being driven by several factors. First and
foremost is the development of hardware and software technologies (The Business of Fashion,
McKinsey & Company, 2022), including more powerful processors, better displays, advanced
sensors and algorithms, which have enabled the creation of more realistic and immersive
experiences. VR's popularity has also been boosted by the increased availability of advanced
technology at affordable prices. Consequently, virtual reality has been implemented in many
fields such as gaming, education, medicine, architecture, tourism, trainings, and many others
(Mazuryk, Gervautz, 1999). Another factor was the rapid growth of the virtual reality gaming
market (Sherstyuk, Vincent, Treskunov, 2009). Many players were drawn to the opportunity to
dive into another reality - an immersive world (Galimberti et al., 2003). Through game plots,
virtual reality has invited users to experience extraordinary adventures, travel to faraway places,
meet virtual characters and explore fantastic worlds (Fu, Liang, 2022).

Due to the growing trend of virtual life, there is a constantly expanding pool of virtual items
or objects being created to be experienced through computer technology such as applications,
software or virtual reality platforms. The other examples are virtual images, virtual simulations,
virtual environments, virtual characters, virtual objects or virtual events. Virtual realities and
technologies, such as Augmented Reality (AR), Virtual Reality (VR) or Extended Reality (XR),
allow users to interact with virtual objects and environments, thereby creating the illusion of
being present in a digital space (The Business of Fashion, McKinsey & Company, 2022).

Virtual reality is gradually becoming more prevalent as technology advances, consumer
interest grows, and it is being applied in a wide range of fields. According to experts, the future
of virtual reality looks promising as the technology continues to develop and evolve, providing
more sophisticated and immersive experiences (Future Of Virtual Reality..., 2023). Based on
the report “Global Virtual Goods Market: Growth, Future Prospects, and Competitive Analysis,
2016-2028” by Credence Research, Inc., the global virtual goods market had generated
revenues of approximately US$67.5 billion in 2021 and is expected to grow at a CAGR of more
than 20.2% during the forecast period from 2022 to 2028 to reach approximately
US$203.6 billion in 2028 (Credence Research, Inc., 2022).

Currently, the main target groups of the virtual market are the aforementioned players and
digital content creators. The former group is interested in purchasing virtual items, participating
in virtual games, developing characters, or interacting in a virtual environment (Jordan-
Kulczyk, Zajac, 2022). Digital content creators such as graphic designers, virtual world
creators, animators or musicians can offer their work in virtual worlds - in unreal as well as
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simulated real places, for instance accompanying interactive experiences such as tours, as well
as training simulations or product presentations. Furthermore, there are also designed virtual
objects: furniture, tools, vehicles, etc., that can be used and manipulated in virtual reality
(Earnshaw, Vince, 2001).

Virtual reality has also become an effective marketing tool. VR enables companies to
present their products or services in an innovative way. In place of traditional presentations,
virtual demonstrations are being created to engage customers' senses and shape memorable
experiences (Farra, 2021). The examples of virtual marketing campaigns are contests and games
played in virtual reality. A number of virtual shops are also being created, where customers can
browse products, select options and make purchases via a VR interface. This provides
customers with a “try before you buy” opportunity and involves them more in the purchasing
process.

Accordingly, the fashion industry has also begun to use the possibilities of virtual reality.
Virtual fashion is turning into strategical part of global physical fashion brands. Staying ahead
of technology enables the strengthening of competitive advantage (The Business of Fashion,
McKinsey & Company, 2022). Modern solutions are being implemented mainly by companies
in the premium and luxury segment of the market. They accentuate their offer's exclusivity and
the uniqueness of the experience provided to the customer (Black, 2022). Virtual fashion is
being communicated as a new business model contributing to the implementation of sustainable
development policies, especially environmental protection (Ellen MacArthur Foundation,
2022). There is a belief that the concept of virtual fashion has the potential to reduce the amount
of waste generated by the traditional fashion industry. Rather than producing real clothes,
virtual clothes are being created and presented in a digital environment, thus eliminating the
production of physical items, and generating material waste (Mesjar et al., 2023). Moreover,
it is emphasised that the production of virtual clothes does not require the use of natural
resources or the emission of harmful substances (Durocher, 2022). In this regard, virtual fashion
is credited with having the potential to significantly reduce negative environmental impacts,
such as water consumption, greenhouse gas emissions or water and air pollution (Wagner,
Kabalska, 2023). However, it should be borne in mind that virtual fashion does not directly deal
with the environmental and ethical concerns related to the physical production of clothing
essential to daily human existence (Pucker, 2022). This leads to the question: to what extend
does virtual fashion fit in with sustainable fashion goals?

The research issue approached in this study centres on assessing the potential of virtual
fashion as an emerging opportunity to support the sustainability of the fashion industry through
a systematic literature review.
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2. Background

2.1. Sustainable fashion

Underpinning the search of an answer to the abovementioned issue is a reference to the
essence and objectives of sustainable fashion. A synthetic illustration of the problems,
predominantly environmental ones, posed by the fashion industry since the beginning of the
industrial age is taken as a jumping-off point.

Since the fashion industry established attractive markets in the mid-nineteenth century
(Berry, 2018), it has simultaneously become one of the world's greatest environmental threats.
This type of market is highly specific, as it has always existed as a supply market.
Manufacturers dictate what to wear and how much the customer has to pay. Leading apparel
and accessory brands owe their rapid growth in recent decades to the fast, even ultra-fast,
changes in fashion trends and the popularisation of the fast fashion model (Aspers, 2016).
It, thereby, contributed to ecological degradation on a global scale, as evidenced by the statistics
regarding (Ellen MacArthur Foundation, 2017; Greenpeace, 2022):

o volumes of production and consumption,

e CO2 emissions throughout production, transportation and combustion of clothes,

« microplastic recycling,

e Quantities of textile waste,

« the presence of dangerous substances in textile products.

Therefore, it became imperative to undertake measures towards sustainable economic
development based on producing in a way neutral for climate, energy- and resource-efficient,
as well as nature-friendly (Sverko Grdic, Krstinic Nizic, Rudan, 2020). The transition from
a linear, to a circular economy model is designed to fulfil these objectives (Kumar et al., 2020).

Sustainable fashion, hence, refers to the practice of designing, producing and consuming
clothing in an environmentally friendly, socially responsible and economically viable way
(Marcella-Hood, 2023). It attempts to solve the problems of mass production by utilising
eco-friendly materials, reducing waste and pollution in addition to fostering ethical working
practices (Henninger, Alevizou, Oates, 2016). Other examples of sustainable fashion practices
involve the reusing of recycled or organic materials, the minimisation of water and energy
consumption during production, and the reduction of textile waste through upcycling and
recycling, etc. (Kohler et al., 2021).

In this sense, sustainable fashion is focused on ecology, nature and naturalness, all of which
are reflected across the process of production, distribution and consumption of clothing
(Niinimaéki et al., 2020). It opposes the fast-fashion model based on multiple, short-term annual
collections. Thus, favouring slow fashion, the long-term use of clothes made from sustainable
materials (Fletcher, 2010).
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Sustainable fashion, i.e. production incorporating sustainability objectives, amounts to the
following specific objectives listed and discussed in EU, UN, OECD legislation and expert
papers (European Commission, 2022; United Nations, 2021; OECD, 2017):

e curbing overproduction and overconsumption,

e educating consumers to make conscious choices,

e reducing greenhouse gas emissions,

e reducing energy and water consumption in production processes,

e cessation the use of hazardous chemicals,

e minimising the emission of microplastics and microfibres to the environment,

e discontinue the destruction of unsold and returned textile products,

e waste management to include:

o prevention of textile waste,
o collecting, reusing and recycling of textile waste,
o gradual elimination of textiles from landfill sites,

e sewage management,

e undertaking cooperation with logistics providers with a view to switching to emission-

free air shipment, maritime and road logistics for both own and outsourced transport,

e using electricity from renewable energy sources,

e using as priority materials recyclable ones within a circular cycle, not causing

deforestation or conversion in their origin,

e implementing ecological product design requirements for all textile and footwear items,

e providing decent workplace and salary,

e termination of greenwashing practices,

e ensuring fair and ethical commercial principles,

e stimulating competitiveness and innovation.

To disseminate sustainable production practices, there have been introduced a range of
certifications and standards for sustainable fashion, such as the Global Organic Textile
Standard (GOTS) (https://global-standard.org/) and the Fairtrade Certification Mark
(https://www.fairtrade.net/...), which ensure that products meet certain environmental and
social criteria.

It must be mentioned that sustainable fashion becomes notably famous among consumers,
who are deeply disturbed by the ecological and social impact of the purchased apparel goods
(Shaik et al., 2022). Responding to this demand, numerous fashion brands are incorporating
sustainable practices into their business models. Yet, this is unfortunately a more convincing
motivation for brands rather than a genuine concern towards the environment (Changing
Markets Foundation, 2021; Fashion Revolution, 2022). Furthermore, the fashion industry is
looking for new business models that are designed to meet both eco-friendly and ethical fashion
criteria as well as enabling the constant growth of the clothing market worth and the value of
fashion brands (Ellen MacArthur Foundation, 2017).
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2.2. Virtual fashion

This study approaches the issue of virtual fashion not digital fashion, even though these
terms are often used interchangeably, yet they have slightly different applications and product
references.

Digital fashion refers to the development and presentation of clothing and accessories in
digital form. It involves the use of computer-generated imagery (CGI) and other digital tools to
project and demonstrate virtual apparel (Baek, 2022). Digital fashion can be delivered by means
of digital art, online platforms, social media and digital marketing campaigns. It blurs the
boundary between physical and virtual fashion, empowering the creation of innovative designs
way outside the box. On the other hand, virtual fashion, as mentioned above, focuses
specifically on integrating fashion into virtual environments or virtual reality (VR) experiences.
Virtual fashion is about designing virtual clothing to be worn by digital avatars or models in
virtual reality setups. It allows users to visually experience and interact with garments within
immersive virtual worlds. Virtual fashion can be demonstrated on virtual fashion shows, virtual
reality games and other VR applications (Casciani, Chkanikova, Pal, 2022). To conclude,
digital fashion encompasses the broader concept of digital design and presenting of clothing,
whereas virtual fashion is primarily concerned with the integration of fashion into virtual reality
experiences.

Virtual fashion offers all sorts of new opportunities for designers to demonstrate their
creations in a digital environment and to experiment with innovative forms and materials free
from the constraints of physical production. Indeed, it can be generated using various tools and
techniques, such as 3D modelling software or augmented reality applications (Shaik, 2022).

The market is for newcomers, virtual fashion brands and designers, at the same time as for
the current big players who offer limited edition collections. The Fabricant is a pioneering
company in the field of virtual fashion. They develop virtual clothes that can be worn in the
form of digital renders and animations. Their mission is to change the way of perception
and consumption of fashion products by leveraging digital technologies
(https://www.thefabricant.com/). Another example is brand Carlings, a Scandinavian clothing
brand. Their customers are encouraged to acquire digital garments, and to feature them in their
social media photos via application (Baron, 2019).

Among the well-known brands entering the virtual fashion market is Gucci, which has
developed a digital virtual fashion collection available on the Gucci app. The range includes
a variety of accessories: shoes, handbags and glasses, for the personalisation of the virtual image
(Marr, 2022). Burberry customers can preview and purchase virtual products displayed on
models in a virtual environment (Jackson, 2017). Ralph Lauren, for its part, has launched virtual
fashion collections that can be experienced via a mobile app. Clients can design their own
virtual outfits and then share them on social media (Debter, 2021).
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Another form of virtual fashion is virtual fashion shows where designers and fashion brands
can present their collections in an innovative way, having great freedom in creating scenery,
visual effects and narrative. A virtual environment where models show the fashion outfits is
developed using computer graphics, animations, special effects and interactive technologies.
Taking as an example the Balenciaga Afterworld: The Age of Tomorrow event, which
presented the autumn/winter 2021 collection in a form of a virtual experience. The show was
set in a post-apocalyptic virtual world, in which the audience could explore using virtual reality
goggles. The presentation combined elements of a computer game with fashion, resulting in
an innovative virtual fashion show experience (Deloitte, 2021).

By hosting virtual fashion shows, brands have the potential to reach a larger audience,
regardless of their geographical location. Shows can be transmitted on streaming platforms,
websites, social media or special VR apps. Spectators can watch the shows from everywhere,
using mobile devices, computers or virtual reality goggles (Ahn, Bae, Kim, 2023). Virtual
fashion eliminates geographical borders, letting people from all over the world discover and
exhibit the designs as well as to establish networks in a virtual environment. This gives
an opportunity for young designers and fashion artists coming from smaller markets to find
their audience and gain recognition.

Along with the widespread popularity of virtual reality, the market for virtual fashion and
related digital merchandise is expanding. That has led to the emergence of new business models
such as virtual garment rental platforms and virtual fashion marketplaces to serve this market.
DressX is an online platform for purchasing virtual clothes from various fashion brands
(https://www.thefabricant.com). TwinOne, on the other hand, provides technology solutions to
create hyper-realistic digital twin and display realistic 3D graphics in real time. This start-up is
also the developer of a software system based on the Unreal Engine enabling the creation of
high-quality virtual images that users can edit and interact with in real time and at their own
pace. TwinOne's joint project with down jacket manufacturer Jacob Becon - a virtual show,
was noted at Milan Fashion Week in February 2021 (Wagner, Kabalska, 2023).

It is believed that virtual clothing and fashion shows offer the potential for sustainable
fashion, as they eliminate the need for organising physical shows involving high attendance and
generating huge energy consumption (Mesjar et al., 2023). By reducing CO2 emissions,
no fashion and raw materials consumption and waste reduction, virtual fashion is expected to
contribute to a greener and more sustainable fashion production. Citing Forbes: “DressX states
that digital fashion production uses 97% less carbon dioxide than physical clothing production”
(Durocher, 2022). Another press release citing The Normative report informed that the carbon
footprint of Helsinki Fashion Week per visitor dropped from 137 kg to 0.66 kg carbon dioxide
equivalent after switching to a purely digital format in 2020 (Zhang, 2020).

The abovementioned information is a background to the study that aims to provide its
context. It actually has two perspectives in this article. The first one, standardly, is focused on
a factual presentation of the context of the research problem. And the second one, adopted for
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this research project, is the methodological justification of the problem undertaken.
The “Background” section, in particular, regarding virtual fashion was prepared substantially
on so-called grey literature, i.e., non-academic sources (Garousi, Felderer, Méntyld, 2019).
These are the most popular available studies approaching the topic of virtual sustainable
fashion. They have a business-oriented approach and focus primarily on forecasting the
development of the virtual market. They have been sourced from publishers such as Forbes,
McKinsey & Comapany. Even though the grey literature is nowadays recognised as a reliable
source of information (due, among other things, to a clear presentation of the research
methodology) (Paez, 2017), in the case of the undertaken research problem, it prompts
an attempt at verification on the basis of available reviewed studies.

Therefore, the aim of this study was to determine the extent of convergence between the
concepts of virtual and sustainable fashion on the basis of systematic review of available
scientific studies.

3. Methods

3.1. Research questions

Main RQ: Does virtual fashion fit into the issue of sustainable fashion?

Detailed RQ:

1. What is the specification of the description of virtual sustainable fashion?

2. What are the similarities and differences between the description of virtual sustainable
fashion identified in the literature review and the description of virtual fashion assessed
by the co-occurrence analysis of the keywords assigned to the studies?

3. What are the similarities and differences between the description of virtual sustainable
fashion identified in the literature review and the description of sustainable fashion
assessed by the co-occurrence analysis of the keywords assigned to the studies?

3.2. Research design

The undertaken research project consisted of two phases:

1. The main one: a systematic literature review conducted according to PRISMA standards
(Page et al., 2021b). This type of research was prompted by the necessity to review
a specific thematic area in order to evaluate the state of existing knowledge (Snyder,
2029). Inference was drawn by the induction method, an approach that relies on
conclusions based on observations and input data in order to deduce general rules,
patterns or dependencies (Patton, 2025).
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2. Supplementary phase is based on a comparative analysis. This process of comparing
and analysing two or more elements is to identify differences, similarities, strengths and
weaknesses in order to better understand its characteristics (Given, 2008). This part of
the research was conducted through VOSviewer, a software tool for constructing and
visualising bibliometric networks (Van Eck, Waltman, 2023). VOSviewer analyses the
co-occurrence of terms in a database, for example keywords in scientific articles or
research topics. From the imported data, a graph is created with nodes representing
terms or topics, and connections between them reflecting co-occurrences and they are
grouped into clusters, i.e. sets of closely related items. The co-occurrence analysis
exposes the frequency of two words occurring together in the same text. Correlations
between words indicate the intensity of co-occurrence.

For the purpose of this comparative study, there have been created co-occurrence networks
for following search keywords: “virtual AND fashion” and “sustainable AND fashion”.
Developing a graph for a selection of studies on virtual sustainable fashion was not applicable
due to insufficient data resources.

The selection of the different methods for the main and supplementary research was based
on a targeting criterion - the need to identify a way of describing the selected topics and being
matched according to the quantity of available data.

3.3. Data collection

The scope of the search were keywords, which function makes locating documents or web
pages easy for indexers and/or search engines by providing a view on text/content. Narrowing
the search area to keywords results in higher relevance (Gil-Leiva, Alonso-Arroyo, 2007).

For the purposes of the main phase of the research, three interdisciplinary bibliographic
databases were explored: Scopus, Web of Science and Ebsco. Searched studies for the
following phrase: “virtual AND fashion AND sustainable”. The procedure of sampling
according to PRISMA standards is illustrated in the provided diagram in section below
“PRISMA flow diagram”.

For the purpose of the supplementary research, documents were searched in the Scopus
database for the words: “virtual AND fashion” published between 2017 and 2023, i.e. within
the last 5 years, adopting the relevance criterion, and ‘“‘sustainable AND fashion” published
between 2017 and 2023 (as above). These two searches served as the basis for a comparative
analysis. The search results were also narrowed down concerning subject area and keyword.
A thorough description of the data can be found in the “ldentification of studies via database”
section.

The obtained data was saved in the author's profile and exported in RIS and CIS format.
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4. Results

4.1. Results of the literature review on virtual sustainable fashion

PRISMA flow diagram
The diagram below illustrates the two-stage process of identifying and selecting literature
items for review, conducted in accordance with the PRISMA guidelines (Page et al., 2021a).

[ Identification of studies via databases ]
= o Records removed before
2 Records identified (n = 65) screening:
S from: Duplicate records removed
= Scopus (n = 10) —* (n=7)
= .
= Web of Science (n=2}) Web of Science (n=2)
= Ehsgo (n=53) Ebsce (n = 5)
i Records excluded by a human
{n= 38}
Records screened »| Grey literature {n=25)
(n=>51) Lack to access to full version
{n=12)
Out of Scope {n = 21)
= ¥
E Rel:urts sought for retrieval .| Reports not retrieved
£ n=13) (n=0)
wn
Rel:urts assessed for eligibility .| Reports excluded (n=0)
(n=13)
H Studies included in review
3 (n=13)
E Scopus (n=9)
= Web of Science (n=10)
—) | Ehace(n=4)

Figure 1. PRISMA 2020 flow diagram for selection of sources.
Source: own, based on: Page, McKenzie, Bossuyt et al.
Thematic overview

A content analysis of the articles selected for review has revealed the six topics presented
below.
1. Virtual fashion presentation

Initially, the major focus is placed on one of the primary applications of virtual reality in
the fashion industry - the presentation of both products and the space for experiencing them.
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Technology, such as virtual wardrobes, perhaps implies options that may reduce
overconsumption (Band, Su, 2022). It even helps users to figure out what they already have in
their wardrobes as well as might recommend suitable clothing styles based on a wardrobe
analysis. It is primarily consumers' socially responsible consumption behaviour and open-
mindedness to innovative technology that positively influence their attitude towards virtual
wardrobes, thus boosting their willingness to use virtual wardrobes. A corresponding content
concerning the utility value of the virtual wardrobe is provided in an article on consumer
behaviour in a virtual fashion service via a mobile app that has virtual fitting room functions.
According to the authors, digital transformation within the apparel industry can improve
efficiency in designing, manufacturing, distribution, sales and inventory control (Sakaguchi,
Aoki, Nagamatsu, 2023).

The problem of using the virtual representation of fashion to encourage sustainable
consumption was specifically addressed by narrowing the scope of the research to luxury
fashion, by referring to examples of the concrete actions (Zhou, Baek, Jang, 2022):

« online product visualisation and customisation services to reduce the demand for large

stocks of multiple product options;

e the use of virtual fitting rooms to reduce the carbon footprint caused by consumers
travelling to stationary shops;

« offering virtual products (exclusively digital, adding virtual products to existing online
gaming environments, offering digital and physical versions of products) in order to
reduce consumer demand for material goods, to create or to change a digital persona
linked to a concept of oneself in physical reality (e.g. a digital persona with a focus on
sustainability), to eliminate problems with product disposal, to avoid unethical supply
chains as raw materials are being encoded in computers, and to minimise resource
consumption for transport and packaging.

2. Designing

Another core application of VR technology that has been tested and reviewed from
a sustainability perspective is apparel designing tools. This subject domain included articles
devoted to the problems of optimisation and innovation of the fashion design template from
a 3D technology perspective and the use of relevant algorithms in 3D technology to perform
multidimensional execution of fashion 3D design (Zhang, 2022) in addition to computer-aided
design (CAD) and digital garment fitting using three-dimensional (3D) body scanning, virtual
simulation and the application of sizing systems (Lee, 2014). A different perspective was
embedded in the study about dynamic 3D fashion garments with changing styles, colours and
textile patterns, especially by using a virtual 3D simulation system. Its objective was to explore
the potential opportunities on online fashion platforms and the future prospects of 3D virtual
clothing within the fashion and gaming industry Choi, 2022).
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3. Support for cultural heritage

The AR and VR technology are proving widely applicable in supporting cultural heritage,
amongst others through projections accessible in museum venues. It is evident from the
conducted revision that it could also be exploited to communicate the value of cultural fashion.
These are two examples: 1. the Sinification of digital fashion. The authors proposed to transfer
traditional Chinese costumes into a series of digital merchandise, serving as computer game
skins for selling online (Fu, Linag, 2022). 2. A case study of the Harris Tweed Authority and
Harris Tweed Hebrides brands, which through immersive technology can communicate the
worth of traditional (sustainable) textiles, their history and the value of handmade products,
thereby promoting slow fashion (Cross, Steed, Jiang, 2021).
4. Virtual community

Despite the title of the article containing the word 'new technology' as well as the conclusion
stating that the respondents noticed and realised that modern technology can lead to green
consumerism, the findings of the researchers mainly show that social media supports the
fostering of eco-sensitive consumer attitudes (Joe Waheed Sayyed, Erum Sherieff, Gupta,
2021).
5. Virtual identity

An intriguing research perspective was adopted in a research project that aimed to explore
how virtual fashion has been used to create new forms of identity for those who have abandoned
their physical bodies and to search for an answer to the question: does wearing the virtual
fashion with an avatar mean abandoning one's own body and being free to follow one's own
desires, unfettered by the boundaries of different “selves”? (Koma, 2023).
6. Overviewed articles

The literature reviews featured in the search results are gripping from the perspective of the
research project covered in this article. One piece of literature was noticed in all three bases.
It concerns the potential of applying immersive technologies to the fashion industry in order to
make it sustainable (Mesjar et al., 2023). Based on content analysis of 74 articles, the authors
concluded that AR and VR technologies are part of transformational changes like reducing
online returns, cutting waste through various design and production processes, eliminating the
need for physical objects and allowing to educate consumers. Due to the limited number of
available academic studies, they also included grey literature as relevant elements in the review.

Subsequently, the opportunities and challenges presented by the implementation of digital
technologies for the fashion industry 4.0 were assessed (Akram, 2022). The authors did not
specify the exact number of articles reviewed, so judging from the total citation count there are
about 80, which is equivalent to the article mentioned above. A section covering the use of
VR technology highlighted the user experience aspect of undergoing virtual fashion. It refers
to the statement in the primary source that the immersive type has a higher UX than the non-
immersive type, since fashion product purchases in immersive virtual reality enable users to
effectively experience telepresence, the acuity of use intention and entertainment parameters.
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With respect to the entire research area, one of the authors' recommendations is the widespread
use of blockchain in the fashion supply chain and the integration of 10T, Al, and edge
computing.

The third and final reviewed article presents the results of a content study of Twitter posts
published between October 2020 and May 2022. A total of 528,915 records were collected
(Yixin, Ding-Bang, Shizhu, 2022). According to the authors' findings, there is a large number
of posts as well as a wide range of topics related to digital fashion and virtual fashion. Basically,
these are informative posts about brands and the sales of their products that include virtual
clothing and accessories, as well as the impact of digital fashion on the industry,
the modification of marketing strategies and related to this phenomenon attitudes and
judgements of the users. However, there was no reference noted regarding the potential of
digital and virtual fashion towards the promotion and development of a sustainable fashion
industry.

None of the above-mentioned papers provided extensive data related to the potential of
virtual fashion in tackling the environmental problems of the fashion industry.
So far, the authors make general statements about the potential benefits.

4.2. Results of the keyword co-occurrence analysis

In view of the insufficient number of academic studies revealed through a systematic
literature review on the topic of virtual sustainable fashion, a comparative study of publications
dealing with the topics of virtual fashion and sustainable fashion was carried out.

Therefore a co-occurrence analysis of keywords undertaken for publications addressing the
topics of virtual fashion and sustainable fashion serves to conduct a comparative analysis
alongside the results obtained in the main study - the literature review - all in order to identify
similarities and differences based on the keywords assigned to the studies.

The number of scientific papers selected for the study increased significantly and has
reached: 218 studies for virtual fashion and 402 for sustainable fashion. Therefore, keywords
are essential for conducting a comparative analysis, enabling one to explore the content of large
collections. A details of identification of studies via database presents table below.

Table 1.
Identification of studies via database
“virtual AND fashion” 218 documents published in 2017-2023
search within keyword
subject area limited to Computer Science, Engineering, Business, Management and Accounting,

Social Sciences, Materials Science, Arts and Humanities, Decision Sciences,
Economics, Econometrics and Finance, Psychology, Environmental Science,
Physics and Astronomy, Energy

Keywords excluded Students, E-learning, Current
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Cont. table 1.

“sustainable AND fashion” 402 documents published in 2017-2023
search within keyword
subject area limited to Business, Management and Accounting, Social Sciences, Engineering,

Environmental Science, Energy, Computer Science, Arts and Humanities,
Materials Science, Economics, Econometrics and Finance, Decision Sciences
keywords excluded Surveys, China, United States, Students, Education, Article, Literature
Reviews, Italy, India, Empirical Analysis, Case-studies, Case Study

Source: own work.
Virtual fashion

The figure 2 demonstrates a graph created by using data from the Scopus database.
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Figure 1. VOSviewer co-occurrence network visualization mapping of most frequent all keywords for
studies of virtual fashion.

Source: own work.

The network consists of six clusters. The dominant keyword, as illustrated, is “virtual
reality” and so is the node with the highest co-occurrence weight in Cluster 1 (see Table 2 for
a detailed list of clusters and keywords). Moreover, words relating to sales predominate:
“e-commerce”, “electronic commerce”, “fashion retailing”, “online shopping”, “sales”. Cluster
2 built around the word “fashion industry” with connections to general concepts such as:
“marketing”, “product design”, “supply chains”, “sustainability” and “sustainable
development”. The articles discussed in the sub-section “Overviewed articles” were included
in this cluster.

Moving further, words from the field of computer science and computer engineering are
predominant in clusters 3, 4, 5 and 6. These include: “computer aided design”, “computer
technology”, “three-dimensional computer graphics”, “visualization”, “animation”, “computer
graphics™, “computer simulation”, “computer vision”, “artificial intelligence”, “computer
software”.



Virtual versus sustainable fashion... 115

Table 2.
Clusters of high-frequency keywords related to virtual fashion

main node greatest | cluster other nodes in the cluster
weight total link

strength in cluster
virtual reality 1 color, customer experience, design, e-commerce, electronic commerce,
fashion retailing, human computer interaction, interactive computer

graphics, online shopping, sales, social networking (online), technology,

virtual fashion, virtual worlds
fashion industry 2 digital fashion, fashion, internet, marketing, personalization, product
design, supply chains, sustainability, sustainable development, virtual
corporation
fashion design 3 clothing design, computer aided design, computer technology,
deformation, textiles, three dimensional, three dimensional computer
graphics, virtual clothing, virtual fashions

user interfaces 4 virtual prototyping, visualization, animation, cloth simulation, computer
graphics, computer simulation, garment manufacture
virtual try-on 5 clothes, computer vision, hosiery manufacture, human bodies, image-
based, textures
augmented reality 6 artificial intelligence, computer software, fashion designers, on-line

fashion, virtual fitting room

Source: own work.

The results of the analysis of the keywords co-occurrence in publications describing virtual
fashion indicate that the description of virtual fashion basically refers to the application of new
IT possibilities for creating new products together with their modern presentation and sale.
Therefore, there is no significant difference of approach to describing virtual sustainable
fashion in the context of the sustainability of the fashion industry. In fact, there is a relatively
small number of articles (n = 9) referring to sustainability.

Sustainable fashion

The results of the analysis of the keywords co-occurrence are presented in Figure 3.
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Figure 3. VOSviewer co-occurrence network visualization mapping of most frequent all keywords for
studies of sustainable fashion.

Source: own work.
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The graph 'sustainable AND fashion' distinguishes 7 clusters. As indicated in the figure
above, the keywords with the highest relevance are “sustainability” (cluster 1) and ‘sustainable
development’ (cluster 2). The main nodes in the following clusters are “fashion design”,
“sustainable fashion”, “supply chain management”, “fashion industry” and “textiles”
(see Table 3). Among the related words are 48 words directly relevant to the issue of sustainable
fashion, including: “environmental protection”, ‘“‘sustainable supply chains”, ‘“‘sustainable
textiles”, “sustainable consumption”, ‘“sustainable design”, “sustainable production,
“sustainable products”, “upcycling”, “circular economy”, “circular fashion”, “ethical fashion”,
“fashion consumption”, ‘“sharing economy”, ‘“‘sustainable business models”, “sustainable
fashion design”, “water pollution”, “slow fashion”, “sustainable supply chain management”,
“carbon dioxide”, “carbon footprint”, “corporate social responsibility”, “environmental
pollutions”, “fast fashion”, “greenhouse gases”, “environmental sustainability”, “climate
change”, “eco-friendly”, “environmental management”, “life cycle analysis”, “recycling”,
“sustainable fashion consumption”, “textile recycling”, “textile waste”, “waste management”.

However, the entire set of 122 keywords selected in the study did not include “virtual”,

“virtual reality”, “augmented reality”, “digital”, “digital fashion”, “immersive”, “immersive

technology”.

Table 3.
Clusters of high-frequency keywords related to sustainable fashion

main node greatest | cluster other nodes in the cluster
weight total link
strength in cluster
sustainability 1 sustainable apparel, business development, clothing industry,
communication, consumption behavior, decision making, design method,
electronic commerce, environmental economics, environmental protection,
factor analysis, industrial development, integrated fashion, literature review,
marketing, perception, purchase intention, retailing, social media,
stakeholder
sustainable 2 sustainable supply chains, sustainable textiles, transparency, block-chain,
development blockchain, competition, consumer behavior, consumption, fashion
companies, fashion supply chain, information management, manufacture,
planning, purchasing, sales, social and environmental, supply chain, supply
chains, sustainable consumption
fashion design 3 industrial economics, industrial engineering, industry, product design,
sustainable business, sustainable design, sustainable production, sustainable
products, consumer behaviour, design, design process, eco-fashion,
ecodesign, environment, ethics, upcycling
sustainable fashion 4 business, circular economy, circular fashion, ethical fashion, fashion
consumption, innovation, luxury, luxury fashion, sharing economy,
sustainable, sustainable business models, fashion, sustainable fashion
design, textile, waste, water pollution
supply chain 5 manufacturing, profitability, slow fashion, sustainable materials, sustainable
management practices, sustainable supply chain management, business models, carbon
dioxide, carbon footprint, clothing, corporate social responsibility, economic
and social effects, environmental pollutions, fast fashion, greenhouse gases
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Cont. table 3.
fashion industry 6 commerce, consumer perception, cotton, economic uncertainty,
environmental sustainability, fashion designers, garment industry, life cycle,
product development, production process, textile industry, textures, wool,
yarn
textiles 7 climate change, covid-19, eco-friendly, environmental impact,
environmental management, life cycle analysis, population statistics,
recycling, sustainable fashion consumption, textile recycling, textile waste,
waste disposal, waste management, sustainable development goals

Source: own work.

To conclude, the obtained results based on a comparative keyword analysis indicate a gap
in the literature contributions between sustainable fashion and virtual sustainable fashion.
Inferring from keyword analysis, the former approaches the specific issues concerning the
sustainability of the fashion industry, whereas the latter only alludes to them in general terms.

5. Discussion

According to the results of the research conducted, there is little academic interest in the
issue of virtual sustainable fashion. One can assume that it is driven by the premise of virtual
fashion's limited potential to influence the development of sustainable fashion, due to its
specific nature and still narrow market. Referring to research findings published in the 2022
report 'Metaverse & Sustainability in Fashion’, virtual fashion clothing has been acquired by
only 8% of consumers worldwide. It was slightly higher in Asia reaching 13 percent (BCG,
2022). In contrast, according to a survey conducted in 2022 by Ipsos, only 3% of consumers
across the USA have purchased virtual clothing via an AR app (Ipsos, 2022).

Virtual fashion is recognised as an opportunity to support the development of sustainable
fashion through the use of virtual 3D prototyping, 3D visualisation, 3D body scanning and
virtual fitting technology in order to reduce waste. What is more, it reinforces eco-friendly
consumer attitudes by encouraging using the virtual wardrobe. Nevertheless, the concept of
virtual fashion does not explicitly match the core principles / objectives of sustainable fashion.
Virtual fashion is characterised from the perspective of new technological features providing
opportunities to develop creative designs that move far beyond the patterns and standards
familiar hitherto. For example, with means of immersive technologies the new ways to
contribute towards fostering cultural heritage (the promotion of traditional clothing and textiles)
have been found. Yet only occasionally and as a downstream factor, virtual fashion is inscribed
the potential of contribution to the sustainability goals of the fashion industry. Nonetheless,
it is not a priority nor a primary objective. Besides, virtual fashion targets a narrow group of
consumers who possess the tools of virtual reality technology. That may also be closely related
to the demonstrated interest in entering the virtual fashion market by globally known fashion
brands, especially premium and luxury brands (Harba, 2019).
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Moreover, Virtual Reality still has not become a permanent element of life. Even though,
it is particularly favoured by young people who are open-minded for the new technologies.
It is therefore worth following the further development of the virtual fashion trend, which is
demand-driven. In spite of being characterised as relatively unpopular and sceptically
approached nowadays, as previously indicated, there are still other research evidence
suggesting that it might change over time. In accordance with the results of a 2021 survey
conducted by The Business of Fashion and Altiant on a representative sample of American
consumers from generations X, Y and Z, a total of 49 percent of respondents were interested in
purchasing virtual fashion items from a luxury brand. Additionally, the rate was slightly lower
for those who expressed an interest in purchasing digital assets from a mass fashion brand
(The Business of Fashion, 2022). Another 2021 global survey amongst digital communities of
fashion companies reported that consumers' interest in trying out new technologies was the
main reason for engaging in virtual worlds (The Business of Fashion, 2022). Virtual fashion
fulfils the objectives set by fashion creators too, which is to provide an opportunity to
experiment with looks. The chief reason for young American consumers aged 14-25 being
interested in virtual clothing was the diversity offering the opportunity to experiment.
The respondents noted simultaneously their unwillingness to accept the offer as well as to wear
those created designs in real life (Roblox, 2022).

Therefore, the validity of the statement “virtual fashion will never replace physical fashion”
may be verified in a matter of years' time, as it can become a popular addition to life. After all,
this diversification of the fashion industry is likely to rebalance it, since virtual fashion is
expected to influence the reduction of overproduction and overconsumption (\Von Horn, 2021).
For this reason, an important research problem is the one regarding consumer behavior,
their changes towards sustainable consumption and the impact of virtual fashion consumption
on this change. (United Nations Alliance for Sustainable Fashion, 2021; Ruiz-Navarro,
Hintzmann, Corrons, 2021).

Advances in the application of artificial intelligence, 0T and blockchain technologies may
also contribute to the sustainability of the fashion industry (Akram, 2022). Artificial
intelligence can help fashion companies better assess the sustainability of their supply chain by
analysing information about suppliers and their environmental and ethical standards
(Lee, 2021). 10T, which is a network of physical objects equipped with sensors, software and
other technologies to connect and exchange data with other devices and systems via the internet,
offers opportunities to improve sustainability efforts by using sensors to track energy
consumption, waste management and water use. As a result, companies can identify areas where
they can reduce their environmental impact (Jagtap, Garcia-Garcia, Rahimifard, 2021).
Blockchain technology is seen as an opportunity to establish transparency in fashion production
(Good on You, 2023) as called for by, among others, the European Union in its plans to
introduce digital product passports (Damen, 2023).
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Whereas, upcoming research tackling the topic of virtual fashion in the context of
sustainability ought to involve developing a knowledge resource about the energy consumption
of IT devices, tools and technologies, energy sources, emission levels, CO2, water consumption
(for cooling servers). This concern is being progressively raised by references to EU data
claiming that already in 2016 data centres were consuming over 2% of the world's electricity
and a volume of fuel comparable, in terms of carbon dioxide emissions, to the aviation industry
(ICT Sector Helping..., 2016). This issue has already been accentuated, inter alia by the
aforementioned report “Metaverse & Sustainability in Fashion” in which various scenarios of
CO2 reduction alternatives are considered, contingent on a globally implemented programme
on the subject (Jordan-Kulczyk, Zajac, 2022).

The limitations of the main research conducted for the purposes of this article are the
acquisition of data from only three databases and concluding based on the results obtained for
a small sample. However, the authors of the two other literature reviews analysed in this paper
have encountered exactly the same problem, as shown in the results of the two studies.
Thus, this affected the final conclusion reached on the basis of the research, unlike its
predecessors, which do not confirm a direct connection between virtual and sustainable fashion.

6. Summary

Virtual fashion and sustainable fashion are two separate concepts with limited degree of
overlap. Sustainable fashion refers to the practical application of designing, producing and
consuming garments in an environmentally friendly, socially responsible and economically
viable manner. It addresses issues such as environmental impact and consumer behaviour.
Virtual fashion refers to the creation of digital clothing and accessories designed to be worn by
digital avatars or used in virtual and augmented reality environments. This trend is relatively
new and expanding within the fashion industry, it has potential benefits including a reduction
in textile waste as well as its exceptional impact on the environment connected to the physical
production of the garment. Notwithstanding, virtual fashion does not actually solve the
nowadays problems regarding the ecological and ethical physical production of garments.
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