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Abstract

This study provides an in-depth analysis of digital transformation in the fashion industry,
focusing on its impact on supply chains, business models, and sustainability. Using desk
research and empirical analysis, it explores the adoption of 3-dimensional virtual and
digital (3DVD) technologies such as digital twinning (DT), virtual and augmented reality
(VR and AR), and 3D modeling. Findings reveal significant improvements in' operational
efficiency, including a 44% reduction in lead time and a 58% drop in product returns.
Regression analysis confirms a strong correlation between digital adoption and business
model innovation (R? = 0.78), while sustainability outcomes—such as a 50% reduction in
waste—underscore environmental benefits. However, barriers like financial constraints
and lack of expertise persist, particularly for SMEs. The study offers practical
recommendations to address these challenges and facilitate sustainable digital
transformation.

However, digital adoption is hampered by financial limitations and skill shortages,
especially among SMEs. This underscores the need for targeted training, strategic tech
partnerships, and policy-level support. Overall, the study positions digital transformation
as not only a catalyst for operational excellence but also a critical enabler of sustainable
growth in the fashion industry.
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1.INTRODUCTION

Recent researchers suggest that the fashion industry's adoption of Industry 4.0 technologies
is causing disruptive and transformative changes at both the front and back ends of the
value chain, leading to more innovative (faster, smarter, and efficient) business models
(BMs), products, services, and processes (Bertola and Teunissen Citation 2018; Kalbaska
and Cantoni Citation 2019). However, a number of obstacles and hindrances that impact
the rate of adoption (such as lack of funds, lack of experience, and reluctance to adopt)
have kept the fashion industry's use of digital technologies in an exploratory stage for a
long time (Pal and Jayarathne Citation2022; Santos, Montagna, and Neto Citation2020;
Sassi et al. Citation2021). With the potential to improve innovation and sustainability
across the board, the COVID-19 pandemic has accelerated the fashion industry's digital
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transition toward the virtual realm (Brydges, Retamal, and Hanlon Citation2020; Gonzalo
et al. Citation2020). By offering chances to co-create value in various sustainability
dimensions and dematerialize resource-intensive practices in conventional fashion supply
chains, digital technologies are anticipated to have a major impact on the industry's future
(Business of Fashion and McKinsey & Company Citation 2020).

The majority of previous studies have concentrated on the technological developments
necessary for broad adoption (Papachristou and Bilalis Citation2015; Spahiu et al.
Citation2021). A thorough business viewpoint on how digital technologies spread through
contemporary industry practices has, however, been largely ignored by these research
(Ibarra, Ganzarain, and Igartua Citation 2018; Parida, Sjodin, and Reim Citation 2019).
Specifically, only a small number of systematic overviews have addressed BM
breakthroughs and product and process transformations due to the digitalization of fashion
systems across the value chain thus far. Only two studies that offer a thorough value-chain
approach were found in the literature on the digital transformation of the fashion sector,
with an emphasis on 3-dimensional (3D) digital technologies (Arribas and Alfaro Citation
2018; Noris et al. 2021.

Furthermore, there is yet no empirical proof of the impact of 3D digital fashion (Arribas
and Alfaro Citation 2018). In conclusion, the impact of digitalization on the sustainability
of the fashion industry is a new area of study that, due to a lack of focus on its cultural
aspects, does not yet have a comprehensive viewpoint (Malin and Ryder Citation 2018).
Given that the fashion industry is one of the most culturally dense, this is a significant
constraint (Bertola et al. Citation2016; Martin and Vacca Citation2018).

The nature of digital transformation in the fashion industry is thoroughly covered in this
article, along with how digital technologies affect the fashion supply chain, how innovation
in the digital business model is taken into account, and how the digital impact is viewed
from a multifaceted sustainability perspective. We gather empirical evidence from
businesses that actively use digital technologies (such as 3D modeling, virtual and
augmented reality (VR and AR), 2- and 3-dimensional (2D/3D) scanning, and digital
twinning (DT) by conducting a systematic study of the grey literature. Our data research
focuses on how digitization affects the fashion supply chain in terms of retailing,
production phases, business-to-consumer (B2C) marketing procedures, and product
creation and development. Furthermore, we map new changes in business models (BMs)
that are brought about by digitalization in relation to supply-chain operations, goods,
services, and value-architecture elements (such as value generation, delivery, and capture).
Finally, by adopting a comprehensive approach that incorporates culture as a fourth
dimension of the phenomena in various supply chain stages, we highlight the
dematerialization and sustainability consequences of adopting 3D virtual and digital
(3DVD) technologies.

2. SIGNIFICANCE OF THE STUDY

This research is significant in providing a comprehensive understanding of how digital
technologies are reshaping the fashion industry at both strategic and operational levels. As
fashion businesses navigate a fast-evolving technological landscape, this study serves as a
crucial reference for decision-makers aiming to integrate sustainable and efficient digital
solutions. It also contributes to academic literature by linking technological innovation with
measurable sustainability outcomes, offering a roadmap for future research and industrial
practice.

3. RESEARCH OBJECTIVES
1. To analyze the impact of digital transformation on fashion supply chains.

2. To examine how digital technologies influence business model innovation in the
fashion industry.
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3. To assess the role of digital tools in improving sustainability within the industry.
4. To identify challenges and opportunities associated with digital adoption in the
fashion sector.

4.RESEARCH HYPOTHESES

H1: The adoption of 3DVD technologies significantly enhances operational efficiency in
fashion supply chains.

Rationale: Digital technologies like 3D modeling, virtual sampling, and digital twinning
streamline production workflows, reduce physical prototyping, and improve real-time
communication across the supply chain. Studies such as Bertola & Teunissen (2018) and
Santos et al. (2020) confirm that these technologies reduce lead times and manufacturing
costs, and enhance efficiency.

H2: Digital transformation leads to innovative and multi-centered business models in the
fashion industry.

Rationale: Digital platforms enable direct-to-consumer channels, mass customization, and
collaborative design processes. Research by Kalbaska & Cantoni (2019) indicates that
digitalization supports decentralized and agile business strategies, fostering innovation and
new value propositions.

H3: The integration of digital tools in fashion reduces environmental impact and promotes
sustainability.

Rationale: The environmental impact of traditional fashion production is significant.
Digital solutions reduce carbon emissions, minimize waste, and optimize resource use.
Gonzalo et al. (2020) demonstrate that adopting virtual sampling and digital inventory
management can significantly improve sustainability metrics.

H4: Financial constraints and lack of expertise are significant barriers to digital
transformation in the fashion industry.

Rationale: Despite the potential benefits, many fashion SMEs lack the capital and skilled
workforce needed for digital implementation. Pal & Jayarathne (2022) emphasize that
limited access to training and high costs of technology are major inhibitors of adoption.

5. RESEARCH METHODOLOGY

5.1 Research Design

This research employs a mixed-methods design, combining quantitative and qualitative
approaches to gain a holistic understanding of digital transformation in the fashion industry.
The quantitative component enables generalization across a broader population, while the
qualitative part provides rich, contextual insights. This approach allows triangulation,
increasing the reliability and validity of the findings.

The study is exploratory, aiming to identify emerging trends, and descriptive, quantifying
the effects of digital technologies on key industry parameters.

5.2 Data Collection Methods
e Primary Data:
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Surveys: Structured questionnaires were distributed to professionals across various
segments of the fashion industry, including designers, production heads, supply chain
managers, and sustainability consultants. The questionnaire comprised Likert-scale,
multiple-choice, and open-ended questions to capture both quantitative metrics and
qualitative feedback.

e Secondary Data:

Extensive desk research was conducted by reviewing peer-reviewed journal articles, white
papers, industry reports (e.g., McKinsey’s State of Fashion), conference proceedings, and
government publications relevant to digital adoption in fashion.

5.3 Sample Selection
A stratified random sampling technique was used to ensure representation from various
industry stakeholders. The strata were based on:

e Organization type (startups, SMEs, MNCs)

e  Supply chain role (design, manufacturing, logistics, retail)

e Digital maturity (early adopters vs. late adopters)
A total of 200 valid responses were obtained from a target sample of 250, indicating an
80% response rate.

5.4 Data Analysis Techniques
Quantitative Analysis:
Descriptive statistics (mean, standard deviation, frequency distribution) were used to
summarize data.
Inferential statistics included:
T-tests to compare pre- and post-digital adoption metrics
ANOVA to assess the variance in business model innovation across firm types
Regression analysis to test relationships between digital adoption and performance
indicators (supply chain efficiency, sustainability metrics)
Validity & Reliability:
e Content validity was ensured through expert validation of survey instruments.
o Pilot testing was conducted with a subset of 15 participants to refine questions.
¢ Cronbach’s alpha for internal consistency of Likert-scale items was above 0.7,
indicating acceptable reliability.

DATA ANALYSIS AND INTERPRETATION
6.1 Impact of 3DVD Technologies on Supply Chains
Pre-Digital Adoption Post-Digital Adoption %

Factor (Mean) (Mean) Improvement
Lead Time 0

Reduction 45 Days 25 Days 44%
Manufacturing $50 per unit $38 per unit 24%

Cost

Product Returns 12% 5%

Interpretation:

The implementation of digital tools significantly reduces lead times, lowers
manufacturing costs, and minimizes product returns.

6.2 Impact on Business Model Innovation
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Regression analysis shows a strong correlation (R? = 0.78) between digital adoption and
business model transformation.
ANOVA Results for Business Model Innovation:

Source of Variation SS df MS F-value p-value

Digitalization 140.51 140.515.67 0.0001
Residual 89.3 98 0.91
Interpretation:

A p-value < 0.05 indicates a statistically significant impact of digital transformation on
business model innovation.

6.3 Sustainability Benefits

Sustainability Pre-Digital Adoption Post-Digital Adoption Improvement
Factor (%) (%) (%)

Carbon Emissions 100 75 25%

Water Usage 100 60 40%

Waste Generation 100 50

HYPOTHESIS TESTING

e H1 Accepted: Digital adoption improves operational efficiency (p < 0.05).

e H2 Accepted: Digital tools drive business model innovation (p < 0.05).

e H3 Accepted: Digitalization enhances sustainability outcomes (p < 0.05).

e H4 Accepted: Financial and expertise barriers significantly impact adoption rates
(p <0.05).

7.FUTURE RECOMMENDATIONS

1. Investing in Digital Training: Fashion companies should develop training programs
to enhance digital literacy.

2. Collaboration with Tech Firms: Partnering with technology providers can
streamline digital integration.

3. Sustainable Digital Adoption: Encourage the use of low-impact digital technologies
to further improve sustainability.

4. Policy Support: Governments should offer incentives and subsidies for digital
transformation in fashion.

8. CONCLUSION

The findings highlight that digital transformation is reshaping the fashion industry by
optimizing supply chains, fostering business model innovation, and promoting
sustainability. However, financial and expertise constraints remain key challenges.
Addressing these barriers will be critical for ensuring a smooth transition into a fully
digitalized fashion ecosystem.
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