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Fashion in Transition:
From Industrial Growth
to Circular Futures

Maja Gjureska

Abstract

From the Industrial Revolution to the present day, the fashion industry
has undergone profound transformation driven by industrialization,
globalization, and the widespread adoption of synthetic materials. While
these developments have increased accessibility and production efficien-
cy, they have also contributed to significant environmental challenges,
including pollution, resource depletion, textile waste, and greenhouse
gas emissions. The purpose of this paper is to examine the factors that
have shaped the contemporary fashion system and to explore current
pathways toward sustainability.

The study employs a literature-based review and analytical approach,
drawing upon academic sources, policy documents, and industry reports
to examine the historical development of the fashion industry, the
environmental consequences of textile production, the psychological
drivers of consumer behavior, and the role of legislative and design-based
interventions. The findings indicate that sustainability challenges are
rooted not only in production processes and material choices but also
in consumption patterns, branding strategies, and broader cultural
perceptions of value.

The paper highlights the growing importance of circular economy princi-
ples, innovative materials, technological developments, and responsible
design practices in supporting the industry’s transition toward sustain-
ability. It concludes that meaningful change cannot be achieved through
technological innovation or material substitution alone, but requires a
broader transformation of the systems, values, and consumption patterns
that continue to drive production and demand.

Keywords: Fashion sustainability, consumer behavior, circular economy,
textile industry, sustainable design.
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Methodology

This paper is based on a narrative literature review methodology. It synthesizes
academic literature, policy documents, industry reports, and institutional publi-
cations to examine the historical development of the fashion industry, the factors
contributing to contemporary sustainability challenges, and emerging pathways
toward circular futures.

The analysis is structured around four interconnected thematic areas. The first
examines the environmental consequences of industrialization, mass production,
and the widespread adoption of synthetic fibers within the textile industry. The
second explores the relationship between consumer behavior, market demand,
branding, and over-consumption through perspectives drawn from consumer
psychology and marketing studies. The third investigates legislative and systemic
responses to sustainability challenges, with particular attention to international
sustainability agendas and European Union policy frameworks. The final section
reviews contemporary design-oriented solutions, including circular economy strat-
egies, zero-waste design, innovative materials, technological developments, and
ethical approaches to fashion production.

Through an interdisciplinary synthesis of existing knowledge, the paper aims to
provide a comprehensive overview of the factors that have shaped the contempo-
rary fashion system, identify the drivers of its sustainability challenges, and evalu-

ate emerging pathways toward more sustainable and circular futures.

Literature Review

The transition toward sustainable and circular fashion has attracted increasing
scholarly attention as researchers seek to address the environmental, social, and
economic consequences of industrial textile production. Existing literature spans
multiple disciplines, including textile engineering, fashion design, consumer psy-
chology, environmental policy, and circular economy research, reflecting the com-

plexity of sustainability challenges facing the contemporary fashion industry.

Historical studies have documented how the Industrial Revolution fundamen-
tally transformed textile production through mechanization, factory-based man-
ufacturing, and later the introduction of synthetic fibres. These technological
developments significantly increased production capacity and reduced manufac-

turing costs, laying the foundation for the modern global fashion industry while
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simultaneously intensifying resource consumption and environmental pressures
(McIntyre, 2005; Yorke, 2015). More recent research has further demonstrated
that the environmental impacts of textile production extend beyond manufactur-
ing to include intensive water consumption, chemical pollution, greenhouse gas
emissions, and microfibre release throughout the product lifecycle (Malik & Bharti,
2021; Rathinamoorthy & Raja Balasaraswathi, 2024).

Alongside the environmental consequences of industrialization, scholars have in-
creasingly examined the behavioural and psychological dimensions of fashion con-
sumption. Research has shown that clothing purchasing decisions are influenced
not only by functional needs but also by identity construction, social status, sym-
bolic value, and emotional attachment. Luxury branding, consumer perception,
and marketing strategies continue to shape purchasing behaviour, often reinforc-
ing patterns of overconsumption that conflict with sustainability objectives (Lind-
strom, 2008; Kapferer & Bastien, 2012). Recent work has further highlighted the
persistent attitude-behaviour gap, demonstrating that environmental awareness
alone does not necessarily translate into more sustainable purchasing decisions,
particularly when factors such as price, convenience, habit, and trust influence

consumer choice (Sario, 2025).

A third body of literature focuses on the transition from a linear to a circular econ-
omy within the fashion sector. Circular economy research emphasizes strategies
that extend product lifecycles, minimize waste generation, and improve resource
efficiency through reuse, repair, remanufacturing, and recycling (Kirchherr et al.,
2017; Ellen MacArthur Foundation, 2013). These principles have increasingly in-
fluenced international and European policy frameworks, including the European
Union Strategy for Sustainable and Circular Textiles, the Ecodesign for Sustainable
Products Regulation, Extended Producer Responsibility schemes, and the Digital
Product Passport, which collectively seek to improve product durability, trans-
parency, and accountability throughout the textile value chain (European Com-
mission, 2022, 2024; Organisation for Economic Co-operation and Development
[OECD], 2016; United Nations, 2015; United Nations Environment Programme
[UNEP], 2023).

Within fashion design research, increasing attention has been devoted to method-
ologies capable of embedding sustainability directly into the design process. Ze-
ro-waste fashion design proposes that environmental impacts should be addressed
during product conception by eliminating material waste through innovative pat-

tern-cutting approaches rather than managing waste after production (Rissanen
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& McQuillan, 2016). More recently, digital technologies—including three-dimen-
sional design software, artificial intelligence, digital prototyping, virtual fitting,
and supply chain traceability—have emerged as important enablers of sustainable
fashion by improving production planning, reducing material waste, and support-

ing more transparent and data-driven decision-making (Sario, 2025).

Despite the breadth of existing research, much of the literature examines these
themes independently. Historical analyses frequently focus on technological de-
velopment, consumer studies emphasize purchasing behaviour, policy research
concentrates on regulatory frameworks, while design scholarship often explores
sustainable methodologies in isolation. This paper contributes by integrating these
perspectives into a single interdisciplinary narrative, tracing the evolution of fash-
ion from industrialization to contemporary circular strategies while highlighting
the interconnected roles of technology, legislation, consumer behaviour, and de-

sign innovation in shaping more sustainable futures.

Discussion

The literature reviewed in this paper suggests that the sustainability challenges fac-
ing the fashion industry are the result of interconnected environmental, economic,
and social factors. While industrialization and synthetic materials have contrib-
uted significantly to pollution and resource depletion, consumer culture and mar-
ket-driven production systems have equally accelerated patterns of over-consump-

tion and waste.

The findings indicate that technological innovation and material substitution
alone are insufficient to achieve meaningful sustainability. Legislative frameworks,
circular economy principles, and design-led strategies represent important steps
forward; however, their effectiveness depends on broader changes in consumption

patterns and perceptions of value.

Ultimately, the transition toward circular futures requires a systemic approach that
integrates policy, industry practice, design innovation, and consumer responsibil-
ity. Sustainability in fashion therefore represents not only a technological chal-
lenge, but also a cultural transformation in the way products are produced, valued,

and consumed.
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The Legacy of Waste: Industrialization, Synthetic Materials, and
Environmental Consequences

The sustainability challenges facing the contemporary fashion industry cannot be
understood without examining the historical developments that transformed tex-
tile production over the past two centuries. The origins of many environmental and
social issues associated with fashion can be traced to the Industrial Revolution,
which fundamentally altered the scale, speed, and organization of textile manu-
facturing. This transformation was driven by a succession of technological inno-
vations that mechanized nearly every stage of textile production. The introduc-
tion of the Spinning Jenny, water frame, spinning mule, Flying Shuttle, and power
loom, together with the transition from waterwheel to steam-powered factories,
dramatically increased production speed, output, and manufacturing efficiency.
At the same time, innovations such as Eli Whitney’s cotton gin accelerated raw
material processing, supporting the rapid expansion of the global textile industry
(Yorke, 2015). Prior to industrialization, textile production was largely localized
and labor-intensive, relying on natural fibers such as wool, linen, cotton, and silk.
Garments were often produced in limited quantities and were valued as durable

possessions intended for long-term use.

The Industrial Revolution introduced mechanized spinning, weaving, and manu-
facturing technologies that dramatically increased production capacity while re-
ducing costs. Textile production became one of the earliest sectors to adopt indus-
trial methods, laying the foundation for modern mass manufacturing systems. As
production expanded throughout the nineteenth and twentieth centuries, clothing
became increasingly accessible to broader populations, contributing to rising con-

sumption levels and the emergence of fashion as a global industry.

The transformation initiated by the Industrial Revolution extended far beyond in-
creased production capacity. As textile manufacturing expanded throughout the
nineteenth and twentieth centuries, a complex network of environmental and so-
cial challenges emerged alongside industrial growth. Increased demand for raw ma-
terials encouraged intensive agricultural practices, while textile dyeing and finish-
ing processes introduced large quantities of chemicals into production systems. The
development of synthetic fibers further increased dependence on fossil-fuel-based
resources, and the globalization of manufacturing often shifted production to re-
gions with weaker environmental oversight and lower labor costs. Combined with

the emergence of linear production models and fast fashion consumption patterns,
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these developments created the foundations of the contemporary sustainability

crisis in the textile industry, as summarized in Figure 1.
Figure 1.

Causes Leading to the Environmental Crisis in the Textile Industry.

LINEAR
i ) CONSUMPTION MODEL ( }

EXCESSIVE WATER + Dominant "take-make- FAST FASHION AND
AND CHEMICAL USE dispose” model of CONSUMER CULTURE
g production and
# Contoi frociction consumption. * Rapid trend cycles,
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water inputs, and garment
= Textile dyeing and dispaesability.

finishing use toxic
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] ' @ )
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child labor.

+ From the early 20th century, e
materials like nylon, polyester,
and acrylic replaced
natural fibers.

Note. Author’s conceptual synthesis illustrating the principal factors contributing
to the environmental crisis in the textile industry, based on the literature reviewed

in this chapter.

The growth of industrial textile production also intensified the demand for raw
materials. Cotton cultivation expanded significantly, becoming one of the most
widely used textile fibers worldwide. While cotton is a natural material, its large-
scale production often requires substantial quantities of water, fertilizers, and pes-
ticides. Intensive agricultural practices have contributed to soil degradation, wa-
ter scarcity, and chemical contamination in many producing regions. Beyond fiber
production, textile dyeing, printing, and finishing processes represent some of the
most environmentally damaging stages of the textile lifecycle. These processes of-
ten require large volumes of water and involve the use of synthetic dyes, bleaching
agents, fixing chemicals, salts, and various auxiliary substances. In many manufac-
turing regions, inadequately treated wastewater may contain heavy metals such as

chromium, copper, zinc, lead, and cadmium, as well as toxic organic compounds
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that can contaminate rivers, groundwater, and aquatic ecosystems. As a result, tex-
tile production has become one of the major industrial sources of water pollution
in many parts of the world, highlighting the interconnected relationship between

fashion, resource consumption, and environmental degradation.

Alongside environmental concerns, industrial textile production has long been
associated with social and ethical challenges. The pursuit of lower production
costs has historically encouraged the relocation of manufacturing to regions with
inexpensive labor and less stringent regulations. As a result, concerns regarding
worker exploitation, unsafe working conditions, excessive working hours, and in-
adequate wages continue to affect parts of the global textile supply chain. These is-
sues demonstrate that sustainability within fashion extends beyond environmen-
tal protection and also encompasses social responsibility and ethical production

practices.

The twentieth century marked another major transformation in textile manufac-
turing with the development and widespread adoption of synthetic fibres such as
nylon, polyester, acrylic, and polypropylene. Unlike natural fibres, these materi-
als are manufactured from petrochemical feedstocks through energy-intensive
industrial processes, enabling large-scale production, improved durability, and
lower manufacturing costs. Their versatility and affordability rapidly established
synthetic fibres as the dominant raw materials within the global textile industry,
fundamentally reshaping textile manufacturing and accelerating global consump-
tion (McIntyre, 2005). However, these advantages have also introduced significant
environmental challenges. Synthetic fibre production depends heavily on non-re-
newable fossil resources and contributes to greenhouse gas emissions throughout
the product lifecycle, while the widespread use and laundering of synthetic textiles
have emerged as major sources of microfibre pollution in aquatic and terrestrial en-
vironments (Malik & Bharti, 2021; Rathinamoorthy & Raja Balasaraswathi, 2024).
These environmental consequences have become central drivers behind contempo-
rary efforts to develop circular materials, improve textile recycling, and reduce the
ecological footprint of the fashion industry. Figure 2 presents a chronological over-
view of the major synthetic fibres, tracing their progression from initial invention
and laboratory development to commercial production. The timeline highlights
the rapid emergence of synthetic fibre technologies during the twentieth century,
particularly the commercialization of polyamide, polyester, acrylic, and polypro-
pylene, which became the dominant synthetic fibres in the global textile industry.

Their widespread adoption fundamentally transformed textile manufacturing by
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enabling large-scale production, expanding material applications, improving per-
formance characteristics, and increasing the affordability and accessibility of tex-
tile products.

Figure 2.

Chronological Development and Commercialization of Major Synthetic Fibres.

[ Widely used today (major global textile fibres)
L Limited, niche, or historical importance

First synthesis / First commercial

Synthetic fibre laboratory production First patent / invention production Present-day importance

L PVC (Polyvinyl = 1913 - Kiatte (Germany) patented 1934 - Pe-Ce (Germany) Limited use today: mainly industrial and specialty

chloride) fibres spinning fibres from PVC solution applications.

. Poly(vinyl alcohol) — 1931-1933 — Herrmann & Haehnel Early 19305 Primarily technical textiles, medical sutures, water-soluble

(PVA) products.

L Nylon9 May 1934 = Not commercialised Historical research milestone only.

M Nylon 66 (Polyamide)  January 1935 Developed by Carothers' team December 1939 One of the world's most important synthetic fibres

(DuPont) (apparel, hosiery, carpets, technical textiles, sportswear).

[ Nylon 6 (Perlon) January 1938 (Paul Caprolactam polymerisation January 1943 Major commercial fibre used extensively in apparel, carpets,
Schlack) industrial textiles and engineering applications.

W Acrylic fibres Development during the Solvent technology developed 1950 - DuPont: 1952 Widely used, especially for knitwear, blankets. upholstery
1940s during the 19405 Chemstrand and faux wool products.

[ Polyester (PET) Development during the ‘Whinfield (UK) invented PET Early 1950s (ICl: later The dominant synthetic fibre worldwide, accounting for
19405 DuPont) over half of global fibre production.

I Polypropylene (PP) 1954 Ziegler & Natta Mid-late 19505 Major fibre for nonwaovens, geotextiles, carpets. hygiene

products and technical textiles.

Note. Adapted by the author from information presented in McIntyre (2005, Chap-
ter 1, “Historical Background”, pp. 14-15).

The rapid expansion of textile dyeing and finishing introduced additional environ-
mental challenges associated with the extensive use of synthetic dyes and chemical
processing agents. Many textile dyes are synthesized from aromatic compounds,
some of which have been associated with toxic, mutagenic, and carcinogenic prop-
erties. When dye-contaminated wastewater is discharged without adequate treat-
ment, these substances may pose significant risks to aquatic ecosystems, wildlife,
domestic animals, and human health. The treatment of textile effluents has there-
fore become a critical environmental priority, prompting the development of phys-
ical, chemical, and biological wastewater treatment technologies, including adsorp-
tion methods using activated carbon and alternative low-cost agricultural waste
adsorbents (Malik & Bharti, 2021).

The environmental consequences of this production model have become increas-
ingly evident over time. Intensive cotton cultivation requires substantial quan-
tities of water, pesticides, and fertilizers, contributing to water depletion, soil
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degradation, and chemical pollution. The widespread adoption of synthetic fibres,
derived primarily from petrochemical resources, has further increased the indus-
try’s environmental footprint through energy-intensive manufacturing processes
and the continuous release of microplastic fibres during production, laundering,
and disposal, contaminating freshwater and marine ecosystems (McIntyre, 2005;
Rathinamoorthy & Raja Balasaraswathi, 2024). In addition, textile dyeing and fin-
ishing generate large volumes of chemically contaminated wastewater, while dyes,
auxiliaries, and heavy metals used during textile processing may pose significant
risks to aquatic ecosystems and human health if inadequately treated (Malik &
Bharti, 2021). Combined with significant greenhouse gas emissions, high energy
consumption, and the growing accumulation of textile waste in landfills and incin-
eration facilities, these impacts have established the textile industry as one of the
world’s most resource-intensive and environmentally challenging manufacturing

sectors..

The sustainability crisis facing fashion today is therefore not the result of a single
material, technology, or business model. Rather, it reflects the cumulative effects
of two centuries of industrial expansion, resource-intensive production, synthetic
material innovation, and increasing consumption. Understanding this historical
trajectory is essential for identifying pathways toward more sustainable systems
capable of balancing economic development, environmental responsibility, and so-

cial well-being.

Consumer Psychology, Branding, and the Fashion Market

The rapid expansion of the fashion industry during the twentieth and twenty-first
centuries cannot be explained solely through technological innovation or produc-
tion efficiency. Equally important has been the evolution of consumer culture and
the increasing ability of brands to shape desire, influence behavior, and gener-
ate demand. While clothing serves practical functions related to protection and
comfort, fashion consumption extends far beyond necessity. It operates within a
complex system of symbolic meanings through which consumers communicate
identity, status, belonging, and aspiration. Consequently, understanding the sus-
tainability challenges facing the fashion industry requires examining not only how

garments are produced but also why they are consumed.

Contemporary fashion markets are largely driven by demand generated through

branding, advertising, and emotional engagement. Brands no longer function
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merely as identifiers of products but as cultural symbols capable of communicating
lifestyles, values, and social positions. Consumers frequently develop emotional
relationships with brands, associating them with personal aspirations, self-expres-
sion, and social recognition. As a result, purchasing decisions are often influenced
by psychological motivations that extend beyond objective considerations such as

quality, functionality, or necessity.

The influence of branding on identity has also been explored through contempo-
rary art. Dietrich Wegner’s Cumulous Brand series depicts hyper-realistic infants
covered with recognizable corporate logos, presenting a visual critique of the per-
vasive role of branding in shaping identity from the earliest stages of life (Wegner,
n.d.). The work suggests that consumer culture extends beyond the promotion of
products, influencing aspirations, values, and social identity long before individu-
als become conscious consumers. This perspective reinforces the view that fashion
consumption is driven not only by functional needs but also by deeply embedded
psychological and cultural processes, highlighting the complexity of encouraging

more conscious and sustainable patterns of consumption.

Research in consumer psychology supports this interpretation. In Buyology, Lind-
strom (2008) argues that purchasing decisions are often driven by subconscious
emotional processes rather than rational evaluation. Using functional magnetic
resonance imaging (fMRI), his research demonstrated that strong brands can acti-
vate areas of the brain associated with reward, anticipation, emotion, and positive

reinforcement.

These findings challenge traditional assumptions regarding consumer deci-
sion-making by suggesting that purchasing behavior is frequently rooted in emo-
tional responses rather than objective assessments of need. Consumers often ex-
perience excitement, satisfaction, and anticipation when interacting with desirable

brands, reinforcing purchasing behaviors and encouraging repeated consumption.

Within the fashion industry, these psychological mechanisms contribute directly
to the growth of consumer demand. Fashion products are frequently marketed not
as garments but as experiences, aspirations, and symbols of personal identity. Kap-
ferer and Bastien (2012) argue that luxury consumption reflects aspirations deep-
ly rooted in human history. From early civilizations, material possessions have
served as symbols of identity, prestige, and social distinction, while contemporary
luxury markets continue to evolve through democratization, rising purchasing

power, globalization, and advances in communication. Together, these forces have
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significantly expanded access to luxury consumption and increased consumers’ ex-

posure to aspirational lifestyles.

These same drivers have also contributed to the expansion of fashion consumption
beyond functional requirements. Global communication, digital marketing, celeb-
rity culture, and social media continuously reinforce aspirational consumption, en-

couraging consumers to seek novelty, exclusivity, and symbolic value.

The ability of brands to stimulate desire has contributed significantly to the emer-
gence of hyper-consumption within contemporary fashion markets. As companies
compete for consumer attention, marketing strategies increasingly emphasize
novelty, exclusivity, and continuous product replacement. This demand for con-
stant newness encourages higher levels of production, shorter product lifecycles,
and increasing volumes of waste. Consequently, overproduction and overconsump-
tion are not isolated phenomena but interconnected outcomes of a system in which

consumer desire and market supply continuously reinforce one another.

A further obstacle to sustainable fashion consumption is the persistent gap be-
tween consumers’ stated environmental values and their actual purchasing behav-
iour. Sario (2025) argues that this attitude-behaviour gap is shaped by a combi-
nation of psychological, social, and practical barriers. Although many consumers
express concern about environmental issues, established habits, social pressures,
the appeal of novelty, and the convenience of fast fashion often override sustaina-
ble intentions. Price remains particularly influential, as sustainably produced gar-
ments are frequently perceived as less affordable than mass-produced alternatives.
Limited accessibility, the additional effort required to verify sustainability claims,
and widespread greenwashing may further create confusion and distrust. Conse-
quently, the transition toward more sustainable consumption depends not only on
increasing environmental awareness but also on making responsible fashion choic-
es more affordable, accessible, credible, and compatible with consumers’ everyday
routines (Sario, 2025).

This raises a critical question for the future of sustainable fashion: can consump-
tion patterns rooted in deeply embedded psychological motivations be trans-
formed? If desires for novelty, status, and social recognition continue to drive
purchasing behavior, the transition toward slower and more sustainable forms of
fashion consumption may prove challenging. Nevertheless, growing awareness of
environmental issues, alternative business models, and changing consumer values

suggest that opportunities for transformation do exist. The challenge facing the
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fashion industry is not simply to produce differently, but to reconsider the cultural

and psychological foundations upon which contemporary consumption is built.

Consequently, the transition toward sustainable and circular fashion is not sole-
ly a technological or manufacturing challenge but also a behavioral and cultural
one. Circular fashion encourages consumers to extend product lifecycles, reduce
unnecessary purchases, repair, reuse, and value garments beyond rapidly changing
trends. These principles directly challenge economic models and branding strat-
egies that have historically relied on accelerating consumption, frequent product

replacement, and the continual creation of new desire.

From Awareness to Action: Legislative and Systemic Responses

As the environmental and social consequences of the fashion industry have be-
come increasingly visible, sustainability has evolved from a voluntary initiative
into a strategic priority for governments, international organizations, and indus-
try stakeholders. The growing volume of textile waste, dependence on non-renew-
able resources, and rising concerns regarding climate change have highlighted the
limitations of existing production and consumption models. Consequently, poli-
cymakers have begun to develop regulatory frameworks aimed at reducing envi-
ronmental impacts and accelerating the transition toward more sustainable and

circular systems.

Recent research demonstrates the scale of the challenge facing the global fashion
industry. The sector is among the world’s largest consumers of raw materials and
is responsible for significant greenhouse gas emissions, water consumption, and
waste generation. Despite increasing awareness of sustainability issues, global
clothing production continues to rise, while only a small percentage of textile ma-
terials are effectively recycled into new garments. The majority of textile products
ultimately end their lifecycle in landfills or incineration facilities, illustrating the

continued dominance of linear production systems.

These findings have encouraged governments and international institutions to
adopt a more proactive approach toward sustainability. Rather than relying solely
on voluntary commitments from companies, contemporary policies increasingly
focus on accountability, transparency, and the development of circular economic
models. Such initiatives seek to address environmental impacts throughout the en-
tire product lifecycle, from material sourcing and manufacturing to consumption,

reuse, repair, and end-of-life management.
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Among the most influential policy developments is the European Green Deal, in-
troduced by the European Union as a comprehensive strategy for achieving climate
neutrality and promoting sustainable economic growth. Recognizing the environ-
mental impact of the textile sector, the European Commission has identified tex-
tiles as a priority value chain for the transition toward a circular economy. This
commitment resulted in the adoption of the EU Strategy for Sustainable and Cir-
cular Textiles, which aims to ensure that textile products placed on the European
market are more durable, repairable, recyclable, and resource-efficient (European

Commission, 2022).

A central objective of the strategy is the transition from a linear economy toward a
circular model in which materials remain in use for as long as possible. Within this
framework, products are expected to be designed with longevity, reuse, repair, and
recycling in mind. Such an approach challenges the traditional fast-fashion model
by encouraging manufacturers to consider the entire lifecycle of a product rather

than focusing exclusively on production and sales (European Commission, 2022).

To support these goals, the European Union has introduced the Ecodesign for Sus-
tainable Products Regulation (ESPR), which extends sustainability requirements
to a wide range of consumer goods, including textiles. The regulation seeks to im-
prove product durability, reparability, recyclability, and overall environmental per-
formance. By integrating sustainability criteria into product development, eco-de-
sign policies acknowledge the critical role that design decisions play in determining

environmental outcomes (European Commission, 2024).

Another significant initiative is the introduction of the Digital Product Passport
(DPP), a tool designed to improve transparency throughout the textile value chain.
The Digital Product Passport provides information regarding a product’s compo-
sition, origin, manufacturing processes, environmental impact, and end-of-life
options. By making such information accessible to consumers, businesses, and
regulatory bodies, the DPP aims to facilitate informed decision-making while sup-
porting repair, reuse, and recycling practices. Furthermore, increased transparency
may help reduce instances of greenwashing by requiring companies to substantiate

sustainability claims with verifiable data (European Commission, 2024).

In addition to product-focused regulations, the European Union has promoted
the implementation of Extended Producer Responsibility (EPR) schemes. Under
this approach, producers are held accountable for the environmental impacts of
their products beyond the point of sale, including collection, recycling, and waste

management. By shifting responsibility from consumers and municipalities to
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manufacturers, EPR policies encourage companies to design products that are
more durable, recyclable, and resource-efficient. The principle reflects a broader
shift toward lifecycle thinking, where environmental responsibility extends across
all stages of a product’s existence (European Commission, 2022; OECD, 2016).

The transition toward sustainable fashion is not limited to Europe. International
organizations and governments worldwide have increasingly recognized the need
for coordinated action in response to environmental challenges. The United Na-
tions Sustainable Development Goals (SDGs), particularly those related to respon-
sible consumption and production (SDG 12), climate action (SDG 13), clean water
and sanitation (SDG 6), and decent work and economic growth (SDG 8), have pro-
vided a global framework for addressing sustainability issues within the textile and
fashion sectors (United Nations, 2015). Similarly, circular economy strategies have
gained international recognition as viable alternatives to traditional linear models
of production and consumption, promoting resource efficiency, waste reduction,
and regenerative systems (Ellen MacArthur Foundation, 2013; Kirchherr et al.,
2017).

Despite the progress represented by these initiatives, significant challenges remain.
The complexity of global supply chains, differences in national regulations, and the
economic pressures associated with fast fashion continue to hinder large-scale
transformation. Furthermore, concerns regarding greenwashing remain prevalent,
as some sustainability claims are not always supported by meaningful changes in
production practices. While regulatory frameworks provide important foundations
for change, their effectiveness ultimately depends on implementation, monitor-
ing, and collaboration among governments, industry stakeholders, designers, and

consumers.

Nevertheless, contemporary legislative and policy developments demonstrate
a growing recognition that sustainability cannot be achieved through individual
actions alone. Addressing the environmental impact of fashion requires systemic
interventions capable of reshaping production processes, consumption patterns,
and material flows. By establishing clearer standards, increasing transparency, and
promoting circular principles, these initiatives create the conditions necessary for
a more sustainable fashion industry. However, legislation alone is insufficient.
Lasting transformation also depends on the ability of designers, manufacturers,
and innovators to develop practical solutions capable of redefining how fashion

products are conceived, produced, and valued.
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Pathways Towards Sustainable Fashion

The sustainability challenges facing the fashion industry have encouraged design-
ers, manufacturers, policymakers, and consumers to reconsider established mod-
els of production and consumption. While no single solution can fully address
the environmental and social impacts of fashion, a growing number of strategies,
technologies, and design methodologies are contributing to the transition toward
more sustainable systems. These approaches seek not only to reduce environmen-
tal harm but also to redefine the relationship between materials, products, con-

sumers, and value.

Among the most influential frameworks guiding contemporary sustainable design
are the R-strategies, which aim to extend product lifecycles and minimize waste
generation. These principles are widely adopted by fashion designers and small and
medium-sized enterprises (SMEs) seeking to implement circular design practices.
These strategies include reducing resource consumption, reusing products, repair-
ing damaged items, refurbishing existing garments, remanufacturing components,
repurposing materials, and recycling textile fibers. Rather than viewing products
as disposable commodities, circular approaches seek to maintain materials within
productive use for as long as possible. Such principles have become increasingly im-
portant within both industry practice and sustainability policy, particularly within

the European Union’s transition toward a circular economy.

Design methodologies have also evolved in response to concerns regarding mate-
rial waste. Zero-waste fashion design, advanced by researchers such as Timo Ris-
sanen and Holly McQuillan, rethinks conventional pattern-cutting by designing
garments that minimize or eliminate pre-consumer fabric waste at the pattern-de-
velopment stage. Rather than treating waste as a by-product of production, this
approach integrates sustainability into the creative design process through inno-
vative and contemporary pattern-cutting solutions (Rissanen & McQuillan, 2016).
Similarly, slow fashion approaches emphasize durability, quality, repairability, and
emotional attachment, encouraging consumers to value garments beyond short-
term trends. Together, these methodologies demonstrate how sustainability can
be embedded directly into fashion design from the earliest stages of product devel-

opment rather than addressed only after production.

Technological innovation is playing an increasingly important role in reducing
the environmental footprint of fashion. Three-dimensional design software, dig-

ital prototyping, and virtual sampling enable designers to develop and evaluate
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garments without producing multiple physical samples, thereby reducing material
consumption and production waste. Virtual fitting rooms and smart mirrors al-
low consumers to visualize garments digitally before purchase, helping to reduce
product returns and associated transportation impacts. At the same time, artificial
intelligence and digital product management systems are improving supply chain
transparency, inventory management, and demand forecasting, reducing the risk
of overproduction. Contemporary practice increasingly demonstrates that artifi-
cial intelligence can support sustainability throughout the fashion value chain. The
Japanese fashion industry, in particular, has emerged as a leading example of inte-
grating Al into trend forecasting, virtual styling, demand prediction, traceability,
and supply chain management, enabling brands to optimize production, minimize
waste, improve transparency, and develop more data-driven circular business mod-
els. These developments illustrate how digital technologies are transforming not
only product design but also consumer engagement, inventory planning, and the

overall governance of sustainable fashion systems (Sario, 2025).

Material innovation has emerged as one of the most dynamic areas of contempo-
rary sustainable fashion research. Researchers and manufacturers are exploring al-
ternatives to conventional synthetic and resource-intensive materials through the
development of bio-based and regenerated fibers. Examples include mycelium-based
leather alternatives, Pifiatex derived from pineapple leaf fibers, Orange Fiber pro-
duced from citrus industry waste, algae-based textiles, and textile-to-textile recycling
technologies. These innovations seek to reduce dependence on virgin resources while

creating new opportunities for circular material flows within the fashion industry.

Transparency and accountability have also become increasingly important with-
in sustainability initiatives. Eco-labels and certification systems such as the EU
Ecolabel, OEKO-TEX®, GOTS (Global Organic Textile Standard), Bluesign®, and
Cradle to Cradle provide consumers and industry stakeholders with information
regarding environmental and social performance. While certification alone does
not guarantee sustainability, these systems contribute to greater transparency and

encourage more responsible production practices throughout the supply chain.

In addition to technological and material innovations, sustainability is increasingly
influencing ethical decision-making within the fashion industry. Growing public
concern regarding animal welfare, environmental responsibility, and social justice
has encouraged many brands and institutions to reconsider established practic-

es. A notable example is the decision by several major fashion organizations and
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luxury brands to eliminate the use of fur from their collections and fashion events.
Such decisions reflect a broader shift toward ethical responsibility, demonstrating
how changing social values can influence industry standards and reshape consum-

er expectations.

Despite these promising developments, significant disparities remain in the ca-
pacity of different countries and regions to implement sustainable fashion prac-
tices. While many of the innovations discussed—including certified sustainable
materials, digital product passports, Al-supported supply chain management, and
advanced traceability systems—are increasingly accessible within developed econ-
omies, their adoption remains considerably more challenging in many developing
and non-EU countries. Limited access to certified raw materials, insufficient tech-
nological infrastructure, financial constraints, and fragmented supply chains often
restrict the implementation of circular business models and digital sustainability
solutions. These disparities raise important questions regarding the global inclu-
siveness of the sustainability transition: Can circular fashion become a truly global
paradigm if the technologies, materials, and regulatory frameworks required for
its implementation remain unevenly distributed? Addressing this challenge will re-
quire not only technological innovation but also greater international cooperation,
knowledge transfer, capacity building, and investment to ensure that sustainabili-

ty transitions are accessible across diverse economic and industrial contexts.

Collectively, these developments indicate that the future of fashion is moving
toward more circular, transparent, and responsible systems. While significant
challenges remain, the growing integration of sustainable design methodologies,
technological innovation, material research, certification frameworks, and ethi-
cal practices demonstrates that meaningful progress is being made. The future of
fashion will likely depend not on a single solution but on the ability of multiple
strategies to work together in reducing waste, extending product lifecycles, and

redefining value within the industry.

Conclusion

The transition toward sustainable fashion represents one of the most significant trans-
formations in the history of the textile industry. While industrialization, synthetic ma-
terial innovation, and globalization have increased production efficiency and democ-
ratized access to fashion, they have also established production and consumption

systems that exceed environmental limits and challenge long-term sustainability.
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This review demonstrates that the sustainability crisis cannot be understood solely
through materials or manufacturing processes. Rather, it emerges from the inter-
action of industrial development, consumer behaviour, branding strategies, policy
frameworks, and design practices. Although circular economy principles, legislative
initiatives, technological innovation, and sustainable design methodologies pro-
vide important pathways toward change, lasting transformation depends on coor-

dinated action involving designers, manufacturers, policymakers, and consumers.

Ultimately, the transition toward circular futures represents an opportunity to re-
define fashion as a system that balances creativity, economic development, and
environmental responsibility. It requires moving beyond consumption behaviours
rooted in status signalling and the accumulation of resources as markers of indi-
vidual success toward a broader understanding of value that prioritizes collective
well-being, environmental protection, and human health. In this sense, sustaina-
bility represents not only a technological or economic transition but also a trans-

formation of cultural values and social priorities.
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Abstract

The transition to a restorative circular economy is a global imperative,
yet its success is fundamentally limited by a lack of societal eco-literacy.
While immersive media shows potential, a significant mechanistic gap
exists in understanding how these tools move users from mere presence
to actionable circular behaviour. This paper investigates immersive
media and digital storytelling as transformative educational tools to
bridge this gap. Using a qualitative design and purposive sampling,
this study analyzes global case studies within a Blended Learning (BL)
framework. The findings indicate that narrative-driven digital experiences
effectively motivate awareness and reflection. The study synthesizes
these results into a conceptual model linking immersive media directly
to circular behavioural adoption. Effectively integrated immersive me-
dia enables continuous learning for a sustainable transition. Strategic
scaling and localization are recommended to equip future generations
with a circular mindset.

Keywords: Immersive media, digital storytelling, eco-literacy, circular
economy, environmental communication.
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Introduction

Eco-literacy As the Foundation for A Circular Economy Transition

The transition from a linear “take-make-dispose” economic model to a restorative
circular economy represents a critical global imperative. While technological and
policy innovations are essential drivers of this transition, their long-term efficacy
is fundamentally contingent upon a parallel societal shift in understanding and
behavior. This shift is cultivated through eco-literacy, a key term defined here as
a competency extending beyond basic environmental awareness to encompass a
comprehensive, systemic understanding of ecological principles and sustainability.
It is this systemic mindset that is necessary to align human activity with the circu-
lar economy’s core goals of minimizing waste, maximizing resource efficiency, and
redefining consumption patterns. The role of formal and informal education in pro-
moting this mindset is pivotal. Research indicates that environmental awareness is
a significant precursor to positive attitudes toward circular economy products, par-
ticularly among higher education students, highlighting educational institutions
as key arenas for shaping future consumers (Yang et al., 2024). Furthermore, the
concept of eco-innovation, which includes shifts in business models and consumer
behaviors, is inherently supported by educational efforts that prioritize sustain-
ability (Vence & Pereira, 2018). Technical and Vocational Education and Training
(TVET) systems are also identified as critical for bridging this gap, providing the
practical skills fundamental to circular practices (Ab Hamid et al., 2024). However,
a significant challenge persists. Despite its recognized importance, there is a noted
need for a more profound integration of circular economy principles within exist-
ing educational frameworks (Ab Hamid et al., 2024). A synthesis of the literature
reveals that while the goal of fostering eco-literacy is widely acknowledged, the
methodologies require significant innovation. Studies demonstrate that partici-
patory strategies like eco-clubs (Cincera et al., 2023), interdisciplinary approach-
es like STEAM (Syahmani et al., 2021) and experiential outdoor learning (Lugg,
2007) are effective, yet they often struggle to translate complex, systemic circular
principles into personally meaningful experiences. The overarching consensus is
that effective eco-literacy requires pedagogical approaches that successfully con-
nect awareness with actionable behaviors (Del Vecchio et al., 2021). The primary
obstacle is the difficulty in making abstract systems like global supply chains or
product lifecycles feel emotionally resonant and personally relevant to learners, a

task at which conventional methods often fall short.
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The Pedagogical Potential of Immersive Media

To address these limitations, immersive media encompassing virtual reality (VR),
augmented reality (AR), and mixed reality (MR) emerges as a transformative tool
with unique pedagogical strengths well-suited to building deep, actionable eco-lit-
eracy. A principal strength is its capacity for experiential learning; by simulating
real-world environments and complex systems, learners can actively participate in
virtual scenarios, fostering critical thinking and practical skill development within
a dynamic setting (Crogman et al., 2025; Fromm et al., 2021).

Furthermore, immersive media significantly enhances affective engagement by
generating a powerful sense of presence and realism that evokes strong emotional
responses, making the learning experience more memorable and impactful than
traditional media (Eskiadi & Panagiotou, 2024; Jones, 2017). Finally, spatial story-
telling a narrative technique where stories unfold within three-dimensional spaces
allows learners to explore and interact with a narrative directly, leading to a more
intuitive and profound understanding of interconnected systems (Nakevska et al.,
2017). These capabilities make immersive media a powerful tool for translating ab-
stract sustainability concepts into tangible experiences. For instance, VR can sim-
ulate the journey of plastic waste to create a visceral understanding of consump-
tion’s consequences (Sekhar et al., 2024). AR can overlay a product’s environmental
footprint onto a real-world context, making invisible impacts visible and guiding
sustainable choices (AlGerafi et al., 2023). Similarly, gamified simulations allow us-
ers to experiment with circular economy models in an engaging, consequence-free

environment (Gronowski et al., 2024).

Digital Storytelling: Bridging Industrial Digitalisation and Pedagogical
Practice

Digital storytelling serves as the crucial narrative engine that can bring these im-
mersive experiences to life. As a strategy, it leverages communication techniques to
raise awareness, educate stakeholders, and catalyze behavior change towards sus-
tainable consumption. While the industrial application of digital tools is well-docu-
mented for instance, using digital twins to optimize resource management (Albre-
cht & Hofer, 2025) or blockchain to ensure supply chain transparency (Hamedani
et al., 2025). their power is not limited to industry. When integrated into an ed-
ucational digital storytelling framework, these same technologies can be used to
create powerful learning narratives. A digital twin of a product’s lifecycle, for ex-

ample, is not just an industrial optimization tool; it can become the centerpiece
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of an educational story, allowing a learner to explore the environmental impact
of a smartphone from mine to landfill. Platforms that facilitate circular business
models, like Oddbox’s food rescue mission (Akarsu, 2024), provide compelling re-
al-world narratives that can be adapted into pedagogical content, demonstrating
social impact and circular values in action. In this context, immersive media pro-
vides the technological canvas for experience, while digital storytelling provides
the narrative architecture that guides the learner, transforming raw data and com-
plex systems into relatable, human-centered journeys that make circular principles

accessible and actionable.

Defining the Research Aim

Despite the recognized potential of these tools, a significant mechanistic gap per-
sists in the literature. While existing research acknowledges the “communication
gap” hindering public adoption of circular principles (Almulhim & Abubakar, 2021),
it often fails to explain how specific immersive and narrative triggers translate into
sustained behavioural shifts. Currently, the inherent complexity of systemic circu-
lar concepts remains a barrier to entry for the public (Salimi & Taherkhani, 2024),
and institutional strategies often lack the pedagogical framework to move users
from mere “presence” in a virtual environment to actionable “eco-literacy” in the
physical world (Del Vecchio et al., 2021). This paper suggests that immersive sto-
rytelling through its unique blend of experiential learning, affective engagement,
and narrative structure provides the necessary bridge between abstract knowledge
and concrete action. Therefore, the primary aim of this research is to synthesize
evidence from existing case studies to develop a conceptual framework. This frame-
work will model the cognitive and affective pathways through which immersive
storytelling fosters eco-literacy and motivates the adoption of circular behaviours.
By doing so, this review seeks to move beyond exploring the “potential” of tech-
nology to outlining a tangible trajectory for behavioural change, offering a struc-
tured understanding of how to cultivate the knowledge, attitudes, and intentions

required for a global circular transition.

Method

This study employs a qualitative research design based on a purposive sampling of
case studies to investigate the efficacy of immersive media in promoting eco-lit-
eracy. The case study selection was guided by specific qualitative criteria, prior-

itizing initiatives that demonstrate relevance to circular economy principles and



Nihal Mahanta, Ruhi Sethi, Sheeja M. S, K. Sai Prasad, Gowtham Devanoor
Immersive Media and Digital Storytelling for Eco-Literacy in the Circular Economy: A Case Study Perspective

significant engagement via media immersion. To assess “measurable educational
or behavioural outcomes,” the selection process focused on identifying initiatives
with documented evidence of impact. For this review, “impact” was defined using a
set of qualitative indicators derived from the case study literature: a) Scalability &
Reach (e.g., audience size, campaign participation numbers); b) Policy or Curricular
Influence (e.g., adoption of a program in schools, mentions in policy briefs); c) Stat-
ed Behavioural Intent or Change (e.g., survey results showing increased willingness
to act, reported shifts in public discourse); and d) Educational Validation (e.g., im-
plementation within a formal pedagogical framework). These indicators allowed
for a consistent, albeit qualitative, evaluation of “High,” “Medium,” or “Emerging”

engagement across diverse cases, as summarized in the comparative tables.

To ensure a robust and comprehensive analysis, the study encompasses a diverse
range of geographical contexts, featuring examples from India, the UK, Cambodia,
the Philippines, the USA, and indigenous communities. This global perspective is
critical for understanding how digital storytelling functions across different cultur-
al and ecological settings. The data sources were drawn from a heterogeneous mix of
sectors, including academic projects, NGO initiatives, and museum or digital cam-
paigns, to capture the full breadth of current sustainability communication strate-
gies. The deliberate inclusion of such varied initiatives from a high-budget natural
history documentary (Blue Planet II) to a grassroots NGO workshop (WOM, Cam-
bodia) is methodologically justified by the study’s aim to build a conceptual frame-
work. The goal is not to directly compare their quantitative efficacy, but to abstract
the underlying mechanisms of engagement. By examining how distinct approaches
(mass media, interactive platforms, formal pedagogy) each leverage narrative and
immersion to foster a connection with sustainability, we can identify the universal

pathways that inform the final conceptual model.

To facilitate this structured thematic analysis, the case studies were grouped
into three analytical categories under the umbrella of ‘Media as a Catalyst for

Sustainability’:

A. Digital storytelling for environmental awareness: This category examines
narrative-driven initiatives focused on raising mass awareness and shifting public
discourse, such as the Mission Paani water conservation campaign (Indiantelevi-
sion Team, 2019) and the Wetlands for LiFE initiative.

B. Immersive platforms: This group analyses high-engagement platforms that

utilize visual and emotional dominance to create powerful affective connections
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with environmental issues. Examples include Cambodia’s WOM project, the Ex-
ploring the Plastic Sea immersive experience, the global Fridays for Future move-
ment, and the BBC documentary Blue Planet II.

C. Media integration for education: This section focuses on the pedagogical
application of virtual reality (VR) and simulation tools within structured learning
environments. It specifically analyses JellyBean VR: Marine Ecology and Pollutant
Impact, Eco-Ego VR, and climate impact simulations developed at the University
of Indonesia.

Case Study Review and Thematic Analysis

The objective of the case study selection was to review the media strategy used,
engagement and reach, and the subsequent impact on the target population. The
selected case studies vividly illustrate how traditional, digital, and participatory
media can effectively promote environmental issues and conservation. Some are
directly relevant to eco-literacy on water sustainability and the circular bioecon-
omy, while others are from allied fields, serving as examples of digital media as
a powerful advocacy tool via film and storytelling. The varied approaches include
filmmaking, mobile journalism (MoJo), campaigning, community engagement,
workshops, and policy dialogue. Campaigners shared personal “nature stories” via
different traditional, digital, and social media platforms, providing resources for
educators to integrate into their curriculum. The case study analysis was focused
on ‘Media as a catalyst for sustainability’. Media formats integrate television, so-
cial media, live events, web apps, and educational toolkits to amplify eco-literacy.
Targeting diverse audiences from schoolchildren to policymakers, they blend nar-
rative-driven awareness (personal stories, dramatic ocean visuals), immersive ex-
periential elements (protests, virtual habitats, festival forums), and structured ed-
ucation (classroom packs, teach-ins, youth training), highlighting scalable models
for circular economy advocacy in contexts like India, the UK, and beyond (B-Reel
UK, 2019). Table 1 presents a comparative synthesis of the case study analysis,
describing their alignment across digital storytelling, immersive platforms, and
media integration in education. Wetlands for LiFE Film Festival, India; Our Planet
Interactive Experience, Netflix + WWEF; Fridays for Future, Global; and BBC Blue
Planet II, UK best fit across all three categories. They used narrative techniques in
digital storytelling for product life awareness and material cycles, included inter-
active or experiential elements for immersion, and were integrated into blended
learning platforms (LMS) and educational curricula via tools like AR/VR platforms.
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Table 1

Inferences of case study and thematic analysis. A- Digital Storytelling, B-. Immersive

Platforms, C- Educational integration

man Thunberg

(Fridays For
Future, Ac-
cessed 2025)

Group | Name, Strategy Eco-literacy | Circular Engagement | Sustainable
Location, economy & Reach consump-
Initiator, tion, &
reference Impact

A Mission Citizen MoJo | Water Reuse, 690M+ reach, |Increased pub-
Paani_ India. | & filmmak- conservation | efficient water | 20M+ Indians | lic awareness,
Reckitt Benck- | ing; celebrity | and public management | for behaviour | shifted atti-
iser, News18, | ambassadors, |awareness change by tudes - millions
Harpic & community 2022, 2L+ pledged to save
NGOs. (Indi- pledges, sanitation water.
antelevision | and school workers Best media
Team, 2019) | competitions. trained,; campaign,

national water
awards 2020
UNEP #Beat- | Global Plastic lifecy- | Central focus | Global events, | Encourages re-

C PlasticPollu- | campaign cle education | is circular World Envi- duced plastic
tion (Global) | against plastic | & resources economy ronment Day | consumption
(UNEP, 2025; | pollution (reuse/recycle) & reuse. Advo-
United Na- cates systemic
tions in India, change across
2025) life cycle
Wetlands for | Film & forum | Screenings/ Highlights Multi-city, Encouraged
LiFE Film Fes- | tour to con- workshops on | steward- thousands mindful
tival_India, nect wetlands | wetlands ship and engaged resource use,

¢ CMS India, with lifestyles conservation built ‘Wetland
MOoEFCC, GIZ, Mitras
WWE, Ramsar. (friends)’,
(12th CMS raised public
vatavaran, awareness.
2024)

Our Planet Documentary | Global biodi- | Encourages Global Inspired eco

B Interactive +interactive | versity & cli- | understanding | streaming choices and
Experience digital content | mate science | of inter- + education actions. High-

¢ (Netflix + education connected resources lighted press-
WWE) systems ing challenges,
(Clay et al., broad global
2019) audience.
Fridays for Fu- | Climate Teaches Calls for sys- | Millions of Promotes

B ture (Global), | strikes & climate justice |temic change |young people |low-carbon
Greta Tintin | advocacy & science reducing fossil | globally. 7,500 |lifestyles.

¢ Eleonora Ern- dependency | Cities, 14M Influenced

global climate
dialogue.
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BBC Blue Nature Ocean Sparked Broadcast Highlighted

B Planet II (UK). | documentary |ecosystems & | conversations |indozensof |need to reduce
(Thompson, series human impact | about pollu- | countries single-use
2019) awareness tion design plastics.

Increased
public/plastic
pollution
awareness for
‘Blue Planet
effect’
Cambo- Community | Local Promotes local | 568 posts, Encouraged
dia’'s WOM events & out- | awareness of | sustainable 3.2M reach, reduced waste
Campaign. reach. Climate | environment/ | practices 150k+ & tourism im-
(UNESCO, smart educa- | ecotourism. engagements | pact. Included
2025) tion systems in education
initiative as part of
Cambodia’s
Nationally
Determined
Contributions
(NDC) 3.0.

B Jelly Bean VR: | Google Immersive Suggests be- | Engages stu- | Encouraged
Marine Ecolo- | Cardboard VR |learning havior chang- | dentsin VR reducing
gy & Pollutant | experience. about marine | es to reduce environment | everyday
Impact (Roy et al., ecology & pollution pollutant

2025) pollutants impacts.
Increased
interest and
awareness in
environment
conservation.

C Eco-Ego VR & | VR & Interactive Teaches sys- | Used in aca- Encouraged
Climate Simu- | simulation climate/eco tems thinking | demic courses | sustainable
lations (Univ. | for climate simulations onresources | & outreach lifestyle
of Indonesia). | education changes.
(Carmo- VR raised
na-Galindo et ecological
al.,, 2025) understand-

ing (general
research)

C University Campus Coursework & | Campus Students and | Built sustain-
of Sharjah, sustainability | workshops on | waste/ community ability literacy
Sustainability | education/ sustainability | recycling involvement | and research.
Programs) research initiatives Promoted
(University of sustainable
Sharjah, Ac- campus
cessed 2025) consumption.

umn of the table.

Note. Compiled by the authors from the case-study sources cited in the second col-
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Discussion and Analysis

Digital Storytelling

Digital storytelling is used extensively for environmental, material cycles, and prod-
uct life awareness in the circular economy. Through experiential learning (Kolb’s
theory), learners reflect on real-world environmental challenges and internalize
key concepts (Robin, 2016). Story-driven experiences foster attitude shifts toward
sustainability by highlighting personal and collective impacts, while calls-to-action
embedded within narratives encourage behavioural adoption, such as participating
in local climate initiatives (Modi et al., 2024). Challenges include limited technol-
ogy access and maintaining engagement for diverse audiences. Integrating local-
ized storytelling into academic curricula and policy communication platforms can
strengthen community engagement and environmental action (Lambert, 2013).
Digital storytelling initiatives guide learners through visual, textual, and interac-
tive narratives that build knowledge and raise awareness (Siu, 2025). These param-
eters were compared and evaluated (Table 2) to systematically identify pedagogical
trade-offs in educational approaches (Siddique & Khan, 2024; Modi et al., 2024).

Table 2

Comparative evaluation of core capabilities

Parameter Storytelling for Immersive emo- | AR/VR eco-literacy
cycles tional connection

Environmental High (narratives on | Very High (visual/ |High (knowledge

Awareness water/materials) | emotional triggers) |building)

Engagement Level | Medium (passive |High (immersive |Very High (interac-
viewing) response) tive simulations)

Behaviour Change |Resource-focused |Attitude shift Consumption hab-
(reuse) (concern) its (circular)

Scalability Festivals/ Media broadcasts | Classroom/tech
campaigns access needed

Note. Compiled by the authors from the

cited in Section 3.1.1.

Immersive Platforms

case studies in Table 1 and the sources

Integration of immersive technologies such as Augmented Reality (AR), Virtual
Reality (VR), and Extended Reality (AR+VR+MR) creates interactive, experiential
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learning environments that drive behavioural shifts. As Table 3 illustrates, the
power of these platforms lies in the very feature that limits their scalability: the
high sense of presence and interactivity. Unlike the passive viewing of Group A,
which can be broadcast to millions, the deeply embodied, real-time interaction in
Group B requires specialized hardware. This creates a critical trade-off: lower scal-
ability for a significantly higher potential for affective engagement and attitude
shift. Immersive media interventions like JellyBean VR and Cambodia’s WOM
campaign leverage these environments for behavioural adoption, such as reduc-
ing plastic consumption or supporting conservation campaigns. Key limitations
involve high costs, technology accessibility, and the need for inclusive design (Dal-
garno & Lee, 2010). Future directions include developing scalable immersive ex-
periences for public policy workshops and school-based environmental education
programs (Merchant et al, 2014).

Table 3.

Assessment of media features

Parameter Storytelling for Immersive emo- | AR/VR
cycles tional connection | eco-literacy
Sense of presence | Low-medium High (user feels Very high (ful-
(screen-based, “inside” the narra- | ly embodied
observer role) tive world) in simulated
environments)
Interactivity level | Low (limited Medium (branch- | Very High (re-
choices) ing paths, simple | al-time manipu-
user inputs) lation of objects/
systems)
Engagement type | Passive viewing Emotional Hands-on
immersion simulation
Scalability High Medium (device Low (hardware
(screen-based) needed) required)

Note. Compiled by the authors from the case studies in Table 1 and the sources
cited in Section 3.1.2.

Media Integration for Education

This section discusses the role of AR/VR-mediated eco-literacy to enhance re-
sponsible, circular consumption. Examples of project implementations for educa-

tion in schools and universities globally are included as model examples (UNEP,
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2025), apart from the six global case studies mentioned in Table 1. Educational
integration initiatives by the University of Sharjah (University of Sharjah, 2024)
and the University of Indonesia exemplify the embedding of environmental media
across curricula and learning modules. By combining traditional instruction with
media-rich content, these programs foster knowledge gain, raise environmental
awareness, and influence attitudes, translating into behavioural adoption, such

as campus-wide plastic reduction initiatives or student-led sustainability projects
(Table 1).

The teaching and learning outcomes compared across these three groups (Table 4)
are best understood through the lens of transformative learning theory (Mezirow,
1991). The process often begins with a “disorienting dilemma,” a key stage in
Mezirow’s framework, which is exemplified by the visceral experience of Blue Plan-
et II (Group B). The powerful imagery of an ocean choked with plastic served as a
global-scale dilemma, disrupting viewers’ existing, passive understanding of pol-
lution and forcing a reconsideration of their own consumption habits. Following
this is “critical reflection,” a stage powerfully facilitated by the structured learning
environments of Group C. For instance, the simulations at the University of Indo-
nesia do not just show pollution; they allow learners to manipulate variables and
witness the systemic consequences of their choices. This active experimentation
moves learners from emotional shock to a critical analysis of the systems that cre-
ate waste, fostering a deeper, more structured understanding necessary for lasting

change.

Each pedagogical approach discussed above contributes distinct yet comple-
mentary strengths toward this transformative process. Digital Storytelling (A)
demonstrates high scalability and accessibility at a relatively low cost, making it
effective for large-scale awareness generation and foundational knowledge dissem-
ination. Immersive Media Platforms (B) deepen affective engagement and situa-
tional awareness. Through interactive documentaries, participatory storytelling,
and simulations, learners move into actual experience and active experimentation
(Duchatelet et al, 2023), strengthening emotional connection and moral position-
ing. Media integration for education (C) facilitates systemic understanding and
critical reflection, the fundamental mechanism in transformative learning theory
(Tolba & Youssef, 2024). AR/VR-mediated Eco-literacy excels in knowledge gain,
attitude shift, and behavioural adoption, fostering deep learning. The case study
comparative analysis advances circularity by systematically identifying pedagog-

ical trade-offs across scalability, engagement depth, accessibility, technological
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demand, retention capacity, and cost efficiency. In digital storytelling, reusability
and adaptability reduce digital redundancy and extend the lifecycle of education-
al content, mirroring material efficiency in circular systems. Immersive platforms
frequently trigger perspective transformation towards pro-environmental intent,
such as visualizing plastic pollution or ecosystem degradation, thereby catalysing
attitudinal shifts (Tolba & Youssef, 2024). This structured comparison enables ed-

ucators to optimize knowledge circulation within environmental learning ecosys-

tems, aligning educational design with circular economy principles.

Table 4

Pedagogical Effectiveness

Parameter Storytelling for Immersive emo- AR/VR eco-literacy
cycles tional connection
Content delivery | Narrative videos, Interactive videos, |360° simulations,
format infographics emotion-driven interactive 3D
animations models
Learner Medium (pas- High (emotional Very high (hands-
engagement sive viewing with | triggers and empa- |on exploration and
reflection) thy building) choices)
Knowledge Medium (Good, High (Strong, Very high (Excel-
retention story recall aids emotions reinforce |lent, experiential
memory) long-term recall)  |learning- deepen
understanding)
Feedback Basic analytics Sentiment track- | Advanced (interac-
Mechanisms (views, completion) | ing (reactions, tion data, progress
comments) tracking)
Innovation Medium (story High (personalized |Very high (AI-driv-
Potential remixing) emotional paths) | en adaptive
scenarios)
Assessment Basic quizzes Reflection journals |Performance
integration metrics

Note. Compiled by the authors from the case studies in Table 1 and the sources
cited in Sections 3.1.1-3.1.3.
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Figure 1

Eco-Literacy: transition to circular economy
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Note. Developed by the authors, based on the synthesis presented in Tables 1-4.

Mapping these differentiated strengths supports hybrid pedagogical strategies
that combine A’s wide distribution (Table 2), B’s affective engagement (Table 3),
and C’s transformative depth (Table 4). The conceptual pathway diagram (Figure 1)
illustrates how these approaches move from isolated educational interventions to
a circular sustainability framework through structured educational intervention.
The diagram’s final stage, “Monitoring, feedback & innovation,” is crucial for cre-
ating a truly circular learning system. This is not a passive endpoint but an active
mechanism for continuous improvement. For example, the institutional feedback
from a formal educational integration of Eco-Ego VR (Group C) such as assessment
data showing which sustainability concepts students struggle with, or survey feed-
back indicating which immersive scenarios were most effective should flow back
to the designers and educators. This data can then be used to refine the digital
storytelling narratives (Group A), making them more pedagogically precise, or to
update the immersive platform’s (Group B) scenarios to address newly identified
knowledge gaps. This creates a virtuous cycle where real-world educational out-
comes directly inform the next generation of immersive learning tools, ensuring
they are not only engaging but also demonstrably effective in fostering the deep,

actionable eco-literacy required for a circular economy.
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Conclusion and Implications

This case study research set out to address the mechanistic gap identified in the
literature, specifically the lack of a clear pedagogical framework explaining how
immersive tools move users from passive presence to actionable eco-literacy. By
synthesizing global case studies from India to the UK through the lens of the intro-
duction’s core concepts of experiential learning, affective engagement, and spatial
storytelling, this paper confirms that digital storytelling and immersive media are
not merely communication tools but transformative pedagogical methods capable
of bridging the divide between abstract knowledge and concrete circular behav-
ior. The findings validate the conceptual pathway proposed in the introduction,
demonstrating that immersive engagement when powered by narrative architec-
ture can successfully lead to the development of eco-literacy, which in turn drives

circular behaviour and collective action.

The analysis validates the suitability of distinct media platforms for specific ed-
ucational objectives within the circular economy transition. Digital storytelling
demonstrates high scalability and effectiveness in generating mass awareness and
shifting public discourse on material cycles and product life awareness, making it
ideal for reaching broad audiences from schoolchildren to policymakers. Immersive
platforms excel at creating the affective engagement necessary to foster deep-seat-
ed empathy through a powerful sense of presence and realism, triggering the
disorienting dilemmas that catalyze perspective transformation as described by
Mezirow’s transformative learning theory. Media integration for education, par-
ticularly AR and VR mediated eco-literacy, provides the structured environment
for critical reflection and systemic understanding, leading to the deepest levels of
knowledge retention and measurable behavioural adoption despite higher costs

and lower scalability.

A critical finding of this study is the empirical validation of the conceptual linear
to circular learning pathway proposed in the introduction. The findings confirm
that the unique blend of experiential learning, affective engagement, and narra-
tive structure inherent in immersive storytelling provides the necessary bridge be-
tween abstract knowledge and concrete action, moving the field beyond exploring
the mere potential of technology toward outlining a tangible trajectory for behav-
ioural change. This directly addresses the primary obstacle identified in the intro-
duction, namely the difficulty in making abstract systems like global supply chains
or product lifecycles feel emotionally resonant and personally relevant to learners,

a task at which conventional methods often fall short.
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Furthermore, the analysis redefines the relationship between the introduction’s
core concepts by establishing that digital storytelling provides the narrative ar-
chitecture that guides the learner while immersive media provides the techno-
logical canvas for experience. Together they transform raw data and complex
systems into relatable human centered journeys that make circular economy
principles accessible and actionable. This synergy is essential for translating com-
plex systemic circular principles into personally meaningful experiences, directly
addressing the overarching consensus from the literature that effective eco-lit-
eracy requires pedagogical approaches successfully connecting awareness with

actionable behaviours.

The study offers significant implications for educators, designers, and sustaina-
bility communicators seeking to enhance public participation through narrative
immersion. To effectively empower diverse learners with the knowledge and mo-
tivation needed for environmental stewardship, three strategic recommendations
emerge from the analysis directly responding to the challenges outlined in the
introduction. First to address the communication gap hindering public adoption
of circular principles it is crucial to scale successful methods from isolated pilot
projects into wider applications reaching broader audiences worldwide through the
high scalability of digital storytelling. Second to overcome the barrier that systemic
circular concepts pose to the general public localization is essential requiring sto-
ries that reflect specific cultural and ecological contexts as seen in initiatives from
India and indigenous communities ensuring that global sustainability goals reso-
nate on a local level and making abstract principles personally meaningful. Third to
move users from mere presence in virtual environments to actionable eco-literacy
in the physical world the integration of these tools into formal educational systems
is paramount embedding eco-literacy modules powered by immersive media into
standard curricula ensures that sustainability becomes a foundational element of
learning rather than an extracurricular add on providing the pedagogical frame-

work necessary for critical reflection and lasting behavioural change.

Finally, the monitoring feedback and innovation loop identified in the conceptu-
al model creates a virtuous cycle that directly addresses the need for continuous
improvement in educational methodologies. Institutional feedback from formal
educational integrations such as assessment data showing which sustainability
concepts students struggle with or survey feedback indicating which immersive
scenarios were most effective flows back to refine digital storytelling narratives

and update immersive platform scenarios. This ensures that the next generation
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of tools is not only engaging but also demonstrably effective in fostering the deep

actionable eco-literacy required for a circular economy.

By prioritizing the scaling of VR and AR experiences, fostering localized campaigns,
and integrating digital storytelling into educational frameworks, stakeholders can
successfully bridge the gap between knowledge and behaviour. These strategic
directions promise to support lasting behavioural change for future generations.
This will help to develop systemic mindset to align human activity with the circular
economy’s core goals and redefining consumption patterns for a truly restorative

economic model.
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Abstract

With the deep integration of digital technology and psychological inter-
vention, digital media art demonstrates significant potential in the field
of depression therapy. Traditional art therapies may encounter challenges
in depression intervention due to audience motivation deficits and high
cognitive barriers, limiting their efficacy. This study, grounded in Jung’s
theory of synchronicity, explores how generative art restores audiences’
impaired sense of agency through real-time interactive mechanisms.
Two exemplary cases were selected: Fei Jun’s Theater of Emotions: A
Landscape of the Heart and Mind and Dan Ghenacia’s The Alphawave
Experience. These were analysed in depth across two dimensions—psy-
chological ‘emotional mapping’ and physiological ‘neuro-regulation’—to
reveal the dual pathways through which digital environments alleviate
depressive symptoms. The research reveals that generative art, by
establishing synchronous feedback between physiological indicators
and visual landscapes, effectively disrupts individuals’ negative cogni-
tive rumination, facilitating a shift from ‘emotional mutism’ to ‘active
reconstruction’. Finally, the article explores ethical challenges in digital
healing concerning sensory overload and virtual escapism, proposing
future development of personalised adaptive intervention systems with
interdisciplinary oversight.

Keywords: Generative art, depression, synchronicity, sense of agency,
digital healing
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Introduction

The Deep Integration of Digital Technology and Psychological Intervention

Over the past decade, digital art and virtual reality (VR) technology have under-
gone transformative development, with their applications expanding from the ear-
ly entertainment industry into healthcare and psychological intervention domains
(Bateni et al., 2024). Virtual reality technology, with its distinctive immersive and
interactive qualities, enables the construction of perceptible simulated environ-
ments for patients. This allows them to confront and process psychological stress-
ors intuitively within a safe, controlled setting (Zhang & Bakhir, 2024). Currently,
VR-based exposure therapy, relaxation training, and scenario reconstruction have
demonstrated significant potential in the clinical treatment of post-traumatic

stress disorder (PTSD), anxiety disorders, and depression (Kim et al., 2021).

The Efficacy and Limitations of Art Therapy

Existing research indicates that art therapy, as an intervention promoting emo-
tional externalisation and self-integration through artistic creation, has been
demonstrated to exert a clear positive effect in alleviating depressive symptoms
(Wu, 2024). The aesthetic experiences and symbolic expressions inherent in the
creative process assist patients in establishing novel psychological defence mecha-

nisms, thereby improving mood states (Wu, 2024).

However, traditional art therapy faces practical “barriers to entry” when inter-
vening in depression. Patients with major depressive disorder frequently exhibit
marked cognitive impairment and psychomotor retardation, manifesting as slowed
movements, stagnant thought processes, and profound feelings of helplessness.
For such individuals, the subjective perception of time and space as ‘heavy’ and
sluggish often renders conventional creative activities difficult to undertake, po-

tentially exacerbating their sense of frustration.

Generative Synchronicity Art: An Empowering New Pathway

Addressing the aforementioned challenges, this study proposes centering on
‘generative’ technologies within digital media art, incorporating Carl Jung’s the-
ory of ‘synchronicity’ as its foundational logic (Boden & Edmonds, 2009; Jung,
1952/2010). Jung posited that synchronicity describes non-causal synchronous
connections between subjective psychological states and objective external events
(Jung, 1952/2010).
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Within the context of digital media art therapy, this ‘synchronicity’ manifests as
‘the instantaneous synchronisation of embodied actions with visual evolution.
Through deep interaction with the installation, the patient’s actions are captured
in real-time and instantly translated into fluid, aesthetically pleasing artistic im-
agery. This process establishes an immediate feedback loop where ‘action is image,
and image is action.” Within this highly synchronised interactive space, patients
cease to be passive providers of data. Instead, through autonomous movement,
they guide the generation of visual landscapes, thereby reclaiming agency and psy-

chological empowerment through real-time control over artistic form.

The Research Approach: Achieving Psychological Empowerment Through
a “Sense of Agency”

The core value of this synchronous generative art lies in lowering the “expressive
threshold” for healing. Patients require no artistic skills whatsoever; through
low-cognitive-load interactions, they can achieve “creative” acts within the digital

domain.

This immediate interactive feedback effectively reawakens the sense of agency—a
crucial cognitive process—in individuals with depression. This involves the redis-
covery of one’s capacity to influence the external world (Wen et al., 2015). When
such ‘synchronic’ feedback is visually manifested, patients transition from passive
recipients of treatment to active ‘creators of life rhythms,’ thereby achieving psy-

chological empowerment.

Research Objectives and Methodology

This study employs a case analysis methodology, aiming to explore the specific ap-
plication mechanisms of synchronic interaction logic in depression intervention
through an in-depth deconstruction of representative digital media art therapeutic
installations. The research will focus on analysing how different cases alleviate pa-
tients’ feelings of helplessness and enhance their psychological rehabilitation mo-
tivation via the ‘input-synchronisation-feedback’ pathway. Through these analyses,
this study seeks to provide theoretical references and practical guidelines for the

design of future interactive psychological rehabilitation systems.
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Methodology & Framework

Case Selection Criteria: Interactivity, Generativity and Therapeutic Orientation

This study employs case analysis within qualitative research methodology to ex-
plore the mechanisms through which specific digital media art installations inter-
vene in depression. To ensure representativeness of the sample, a comprehensive

screening framework comprising three dimensions was established:

Firstly, cases must exhibit highly interactive embodied participation (Interactivi-
ty). Interactivity constitutes not only a core attribute of digital media art but also
the technological foundation for restoring a sense of agency in individuals with de-
pression (Wen et al., 2015). Selected cases require sensitive input capture systems
(e.g., motion capture, biosensors) capable of translating patients’ physical actions
into immediate visual feedback. This high degree of synchrony enables patients to

re-establish a sense of control over the external world.

Secondly, the case study must demonstrate algorithm-driven generativity, which
is key to lowering the threshold for therapeutic expression. The unpredictable and
real-time evolving nature of generative art outcomes allows patients with impaired
cognitive function or diminished motivation to participate in “active creation”
through simple interactions without specialised training, thereby effectively miti-

gating the frustration often associated with traditional creative activities.

Thirdly, this study rigorously selects works with explicit healing orientation. These
cases are not generic interactive installations but practices designed from con-
ception or applied within contexts specifically targeting interventions for human
psychological issues. By analysing how these devices facilitate a shift from passive
reception to active creation through visual compensation, this research aims to

uncover the underlying psychological empowerment pathways.

Analytical Dimensions: A Dual Perspective Based on ‘Synchronicity
Interaction’ and ‘Proxy Sense Reshaping’

To deconstruct the intrinsic logic of generative art’s intervention in depression,
this study constructs an analytical framework integrating ‘technological logic’ and
‘psychological mechanisms’. This framework employs Jung’s theory of ‘Synchronic-
ity’ as its horizontal logic, focusing on how the installation achieves real-time syn-
chronisation between embodied actions and visual evolution (Jung, 1952/2010).
Within the context of digital media therapy, synchronicity is transformed into a

low-latency feedback mechanism. By analysing input data synchronisation rates
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and the correlation of aesthetic mapping, this study reveals how the installation
creates a unified digital field for patients, merging subjective experience with ob-

jective representation.

Building upon this, the framework adopts the restoration of a ‘Sense of Agency’
as its longitudinal analytical objective. This psychological state—where individ-
uals recognise themselves as initiators of actions capable of producing intended
effects—represents a dimension commonly absent in individuals with depression
(Wen et al., 2015). This study will examine the degree of alignment between ‘expec-
tations and feedback’ in the case study, exploring how immediate interactive feed-
back reawakens patients’ sense of capacity to influence the external world. Through
this dual-dimensional perspective, the research aims to evaluate the practical effi-
cacy of synchronic interactive fields in alleviating psychological inertia and enhanc-
ing rehabilitation motivation. Ultimately, it explores how digital media art achieves

a profound transformation from visual mastery to psychological empowerment.

Theoretical Mechanism & Digital Path

Digital Synchronicity: From Psychic Resonance to Real-Time Interactive
Mapping

From Jungian psychology’s profound perspective, an individual’s psychological
activity is not an isolated island but is deeply rooted within humanity’s shared
historical memory and emotional schemata. Jung posited that the collective un-
conscious forms a transgenerational psychological structure through genetic and
cultural transmission, bearing universal archetypes and emotional experiences
(Yuceyurt, 2025). The essence of immersive interactive art lies in its capacity to
evoke collective unconscious awareness through digital media, enabling individu-
als to discern profound psychological connections between the self and the collec-
tive. This connection finds vivid expression in Jen Lewin’s installation The Pool: an
interconnected network of 106 luminous pads transforms participants’ walking
and running into ripples of sound and light, creating a visually striking experi-
ence that blends playfulness with collective resonance (Figure 1). This interaction
essentially replicates humanity’s age-old tradition of sustaining community and
conveying emotion through dance. Within the artistic space, participants move
freely according to their authentic feelings. Within the intertextuality of collective
dance, the shame of dancing alone is dispelled, replaced by a sense of security and

belonging rooted in shared cultural foundations (Lewin, 2012).



Figure 1.

The Pool, An Interactive Installation

Note. Lewin (2012).

Within the digital context, synchronicity has evolved from an abstract psychologi-
cal resonance into a physical phenomenon of “real-time interactive mapping”. The
core of this transformation lies in technology’s instantaneous response to human
actions—a technologically mediated synchronous feedback mechanism. Huang’s
(2025) in-depth analysis of the work Rain Room reveals how this ‘rain follows
movement’ feedback mechanism grants participants a sense of environmental
control rarely achievable in reality. For individuals with depression who endure
prolonged feelings of powerlessness and loss of control, the secure emotional pro-

jection space created by digital technology can trigger profound dialogue between
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the body and its environment. This facilitates the externalisation of internally
repressed emotions and enables a form of psychological catharsis. This paradigm
shift from static documentation to dynamic ‘digital ecosystems’ transforms artistic

intervention from mere spectator appreciation into participant empowerment.

Further analysis reveals that digital synchrony effectively breaks the cognitive loop
of depression through the instantaneous multisensory coordination it facilitates.
When immersive installations synchronously engage multiple participants’ sens-
es and behaviours, they trigger a form of trans-individual ‘emotional resonance’,
guiding participants away from negative self-absorption towards active perception
of the external environment. The sense of control generated by this ‘synchrony’ is
pivotal to psychological empowerment: it demonstrates how precise alignment be-
tween action and feedback significantly enhances an individual’s sense of efficacy.
Building upon this logic, this study proposes that by leveraging interactive technol-
ogies to establish deeper logical connections, digital synchronicity can transcend
mere sensory experience to become a tool for self-integration. Through algorithmi-
cally driven semantic mapping, generative art can surpass simple action-response
dynamics to achieve profound psychological restructuring and therapeutic empow-

erment for individuals experiencing depression.

Restoring Sense of Agency: How Interactive Technologies Awaken
Proactive Motivation

Within the domain of digital media art interventions for depression, restoring a
sense of agency depends not only on sensory impact but crucially on the experi-
ential process of communication and interaction between the individual and the
designed product. Since its inception in 1984, interactive design has centered on
the ‘dynamic’ and “open” nature of systems (Xu et al., 2020). This open system
architecture provides individuals with depression a collaborative ‘field of meaning’
for interaction. Through mechanisms operating at three levels, it facilitates a shift

from passive aesthetic engagement towards active creative motivation.

Immersive Perception and the Elimination of the ‘Threshold of Expression’

Individuals with depression frequently experience impaired cognitive function and
diminished aesthetic perception, resulting in exceptionally high ‘expression barri-
ers’ within traditional art therapy. Grounded in the design principle of ‘immersion,
new media interactive installations serve as ‘perceptual scaffolds’ through audio-
visual integration and multisensory coordination, thereby enhancing participants’
artistic perception capabilities (Huang & Zhang, 2021).
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From an ‘emotional mediation’ perspective, interactive technology facilitates a form
of ‘technological compensation’: it simplifies complex artistic techniques into dy-
namic responses grounded in embodied intuition, thereby bridging the gap between
‘creative intent’ and ‘visual output’ (Shi & Yin, 2025). At the visceral level of affective
design, this low-threshold immersive experience rapidly captures patients’ attention,
alleviating the frustration arising from lack of motivation during the initial creative

phase, thereby providing an initial impetus for the awakening of agency.

Non-judgmental Feedback and Proxy Sense Validation at the Behavioural
Level

Interaction design defines the form of communication between individuals, ena-
bling mutual coordination and achieving optimal functional outcomes. At the be-
havioural level, the interactive apparatus functions as a non-judgmental partner,
providing patients with a secure experimental environment for exploring a sense
of proxy.

Unlike the aesthetic evaluation pressures encountered in traditional social or ar-
tistic contexts, each capture and immediate feedback of bodily movements by the
interactive system constitutes a faithful affirmation of the ‘behavioral efficacy’
(Shi & Yin, 2025). When patients discover that their subtle embodied actions can
trigger immediate environmental changes, this high degree of ‘expectation-out-
come’ alignment directly validates their identity as behavioural initiators. This in-
stant feedback loop effectively disrupts the ‘learned helplessness’ commonly ob-
served in depression, progressively restoring impaired agency through interactive

experiences.

Integration at the Reflective Level and Motivational Arousal through
Emotional Mediation

The ultimate restoration of agency points towards an individual’s self-integration.
Introducing the framework of ‘emotional design’ reveals that healing ultimately
requires elevation from the behavioural level to the reflective level, focusing on

patients’ deeper needs and emotional shifts (Huang & Zhang, 2021).

Interactive technology functions as an ‘emotional mediator’ in this process, trans-
forming inexpressible repressed emotions into observable, perceptible visual
symbols (Shi & Yin, 2025). Through multisensory coordination, patients’ atten-
tion shifts from negative self-absorption towards positive perception of the ex-

ternal environment. This process of emotional externalisation fosters profound
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psychological empowerment as patients observe the dynamic landscapes they have
created. This internalisation—transitioning from a sense of technological mastery
to psychological agency—signifies the full awakening of proactive creative drive,
completing the role transformation from passive treatment recipient to active cre-

ator of life rhythms.

Paradigm Shift: From Passive Aesthetic Experience to Active
Psychological Empowerment

With the deep integration of new media technologies, interactive installations are
undergoing a profound paradigm shift in their role within art therapy. Driven by
interactive algorithms, these installations have evolved from traditional ‘static aes-
thetic objects’ into ‘dynamic digital ecosystems’ characterised by real-time respon-
siveness and a sense of vitality (Gao et al., 2025). This transformation represents
not merely an upgrade in technical form, but a fundamental shift in therapeutic

approaches—from ‘passive aesthetic engagement’ towards ‘active empowerment’.

The Transformation of Media Identity: From Static Object to Dynamic
Ecological Field

Traditional art therapy often treats artworks as static, retrospective “mirrors”, with
patients achieving emotional resonance through observation. However, within the
current digital interactive context, interactive installations are no longer isolated
aesthetic objects but real-time fields capable of exchanging energy with patients.
This shift transforms the therapeutic process from ‘the patient viewing the art-
work’ to ‘the patient entering and altering the field.” This ‘virtual-physical symbio-
sis’ interaction mechanism significantly enhances immersion, forcibly breaking the
cognitive loops common in depression patients. [t guides them away from negative
rumination towards active perception of the external dynamic environment (Gao
etal., 2025).

Reconfiguring Power Dynamics: Psychological Empowerment Through
Technological Compensation

Another core feature of this paradigm shift is the ‘democratisation of creative agen-
cy’. For individuals with depression experiencing a lack of motivation, traditional
artistic creation often imposes high ‘activation pressure’ due to its demands on
skill and physical exertion. New media interactive technologies, through algorith-

mic assistance, instantly transform patients’ vague psychological intentions into
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high-quality artistic landscapes, thereby bridging the ‘skills gap’ (Huang & Zhang,
2021). This role transition from ‘I cannot create’ to ‘I can drive environmental gen-
eration’ not only provides patients with immediate achievement but also delivers

direct psychological empowerment through restored agency.

Progression from Sensory Experience to Scientific Intervention Pathways

The ultimate objective of this paradigm shift is to transition art therapy from ‘vague
sensory experiences’ to ‘scientifically controllable dynamic interventions’. Precise
feedback based on interactive data enables the installation to dynamically adjust
the colour, rhythm, and spatial logic of visual feedback according to participants’
force, frequency, and emotional projection during embodied interaction, thereby

constructing a personalised therapeutic closed loop (Malchiodi, 2020).

The efficacy of this scientific intervention has been preliminarily validated in clin-
ical practice. For instance, clinical psychology professor Daniel Freeman and ther-
apist Polly Haselton conducted virtual reality (VR)-based cognitive behavioural
therapy for pilot Leslie Channell’s acrophobia (She & Ben, 2022). By immersing
the patient in a highly controllable 3D virtual environment, this simulated setting
provided ‘progressive exposure’ and immediate feedback—challenging to achieve
in the real world—ultimately significantly alleviating the patient’s pathological
fear. This case compellingly demonstrates that this pathway, grounded in digitally
synchronised feedback and the reshaping of agency, signifies that digital media art
is no longer merely an auxiliary tool for psychological intervention. Instead, it has
evolved into an independent therapeutic paradigm capable of achieving self-inte-

gration and functional intervention.

Case Studies

Case Study I: Interdisciplinary Art Experiment ‘Theatre of Emotions:
A Landscape of the Heart and Mind’

As an interdisciplinary artistic experiment collaboration between artist Fei Jun
and psychologist Liu Zhengkui, “Theatre of Emotions: A Landscape of the Heart
and Mind” presents a highly representative empirical case study for digital me-
dia intervention in psychological treatment through the profound integration of
art and technology. Visually, the work deconstructs and reconfigures the aesthetic
realm of traditional Chinese ink-wash landscapes. Audibly, it incorporates clinically
validated therapeutic natural soundscapes provided by the Institute of Psychology,
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Chinese Academy of Sciences. Together, these elements construct an immersive
psychological field where beauty nurtures the mind (Fei et al., 2024). Within the
interactive process, participants are guided to specific emotion-sensing stations,
where embodied positioning marks their formal entry into the pre-designed psy-
chological intervention space (Figure 2). Subsequently, the installation’s embedded
artificial intelligence and affective computing technologies begin non-invasively
capturing participants’ physiological signals and psychological fluctuations. These
implicit emotional data serve as the driving core, generating real-time, ‘person-spe-
cific’ digital landscape imagery (Figure 3). The intensity of ink tones, the rigidity or
fluidity of brushstrokes, and the cadence of soundscapes all undergo unpredictable
transformations in response to the participant’s fleeting emotional state. This in-
teraction fundamentally constitutes a process where every subtle movement and
emotional state of the participant is ‘recorded, responded to, and amplified’ in real
time by the system. Consequently, what the audience perceives on the screen is no
longer an abstract, objective landscape, but a digital mirror image of their inner
state. This achieves, at a technological level, a synchronous resonance within the

digital dimension.

This profoundly interactive mechanism elicits significant positive psychological ef-
fects among audiences, facilitating a shift from passive aesthetic appreciation to ac-
tive psychological empowerment. Through this real-time feedback loop, individuals
gain a secure, metaphorically charged projection window when confronting emotions
that were previously difficult to articulate or deliberately suppressed. When audienc-
es discover that their subtle breaths, movements, or emotional fluctuations can drive
the flow and transformation of vast digital landscapes, an immediate feedback mech-
anism of ‘T move, therefore the environment changes’ is activated. This effectively re-
pairs and reinforces the audience’s diminished sense of agency at the embodied cog-
nition level. Within this interactive context, negative emotions cease to be daunting
shadows and instead become dynamic nutrients for constructing magnificent land-
scapes. This process—beginning with ‘confronting emotions, progressing through
‘emotional cognition’ and ‘dynamic transformation, and culminating in ‘emotional
acceptance’—signifies that digital media interactive installations are no longer mere
tools for sensory stimulation. They have evolved into an independent therapeutic
paradigm capable of guiding individuals towards self-integration and functional
self-healing. Within this domain, audiences not only overcome their apprehension
towards confronting inner conflicts but also regain a sense of control over their inner
worlds through mastering the digital landscape. This process elevates them from pas-

sive recipients to active creators of vital rhythms.
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Figure 2. & Figure 3.
Theater of Emotions: A Landscape of the Heart and Mind

Note. (Fei et al., 2024)

Case II: Neurophysiological Intervention Space: Alpha Wave Experience

Compared to Case 1’s emphasis on active emotional mapping, multimedia artist
Dan Ghenacia’s The Alphawave Experience demonstrates how multimedia spaces
can achieve functional physiological intervention through “neuro-induction” (Fig-
ure 4). Within the specific interactive process, participants enter a state of full-
body relaxation whilst reclining, wearing high-performance headphones to achieve
audiovisual immersion. With eyes tightly closed, the installation employs a strobo-
scopic effect mechanism, using rapid, periodic high-frequency light pulses to pene-

trate the eyelids and stimulate the optic nerves.

To validate the efficacy of this device, Dan Ghenacia’s team conducted a special-
ised experiment entitled ‘The Alphawave Experience Neurophysiological Study’
under the guidance of neuroscientist Dr. Francisco Marques Teixeira (cited from
IbizArtGuide, 2023). This research confirmed that this technique of stimulating
the brain with light is an exceptionally efficient form of neuromodulation. It induc-

es the generation of alpha brain waves—typically observed during sleep or deep



meditation—even with eyes closed, triggering ‘psychedelic visual experiences’
composed of geometric patterns and flowing colours. The study’s conclusions ex-
plicitly highlight the device’s significant potential for enhancing cognitive function
and improving emotional states. It demonstrates notable clinical value particularly
in alleviating stress and anxiety, assisting with addiction recovery, reducing mi-
graine and insomnia frequency, and stimulating creativity. This pathway, based on
digital stroboscopic feedback, signifies that multimedia therapeutic spaces have
evolved from purely aesthetic media into scientifically controllable neuro-modula-
tion tools, achieving a paradigm shift from ‘sensory experiences’ to ‘precise physi-

ological interventions’.

Figure 4.

The Alphawave Experience by Dan Ghenacia.

Note. (IbizArtGuide, 2023).
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Comprehensive Evaluation: Analysis of the Efficacy of Technological
Interventions in Alleviating Depressive Symptoms

Through deconstruction of the aforementioned two cases, it becomes apparent
that digital media technology has established a comprehensive efficacy system
for alleviating depressive symptoms, spanning from psychological projection to
physiological regulation. On the psychological dimension, depressive symptoms
are frequently accompanied by pronounced feelings of personal incapacitation and
emotional expression disorders. The interactive logic of ‘recording, responding,
and amplifying’ demonstrated in Case I effectively establishes a secure window
for emotional externalisation for the audience. This digital mirroring mechanism
achieves synchronous feedback in psychological terms, enabling audiences to per-
ceive that their physiological changes can drive expansive digital landscapes. This
fundamentally repairs impaired agency. Relevant clinical empirical research indi-
cates that virtual art intervention environments can significantly enhance indi-
viduals’ self-efficacy and rehabilitation motivation by increasing their engagement
(De Giorgi et al., 2023). When audiences perceive control over the external field,
their internal sense of helplessness dissipates, thereby completing a psychological

transformation from emotional suppression to active acceptance.

Concurrently, digital media technology’s intervention at the physiological lev-
el manifests as a paradigm shift from ‘neurological dysregulation’ towards ‘state
induction’. Addressing the abnormal cortical arousal levels commonly observed
in depressed individuals, Case II employs the stroboscopic effect to induce alpha
brainwave synchronisation, offering an efficient neuromodulation technique. This
physically enforced synchronisation effectively pulls the brain from negative cog-
nitive rumination into a balanced state of deep meditation. Such intervention no
longer relies on verbal expression from the recipient but achieves a paradigm shift
from external physical stimulation to internal conscious self-healing through pre-

cise physiological feedback.

In summary, digital media technology interventions exhibit three core character-
istics: real-time feedback, non-invasive immersion, and personalised generation.
It not only provides immediate physiological and psychological mirroring but also
reduces defensive psychological barriers in depressed individuals by constructing a
non-verbal intervention environment. This intervention has evolved from a static
‘aesthetic object’ into a dynamically generated ‘functional prescription’ tailored to
an individual’s real-time state, demonstrating broad application prospects in both

clinical and public mental health maintenance.
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Conclusion & Future Work

This study deconstructs digital media art intervention cases to validate the core
efficacy of technological media in alleviating depressive symptoms, thereby con-
structing a comprehensive logical framework spanning psychological projection to
physiological regulation. Interactive systems exemplified by Theater of Emotions: A
Landscape of the Heart and Mind successfully restore audiences’ impaired sense of
agency through a feedback mechanism of ‘recording, responding, and amplifying,
facilitating a transition from emotional mutism to proactive self-reconstruction.
Meanwhile, neuro-modulation environments exemplified by Alpha Wave Experi-
ence utilise the stroboscopic effect to induce brainwave synchronisation, forcibly
interrupting audiences’ negative cognitive rumination and providing a scientifi-
cally controllable pathway to profound physiological relaxation. Research indicates
that the success of digital healing depends not only on technological sophistica-
tion, but equally on the precision of artistic translation and the immersive quality

of the intervention environment.

However, as digital technology increasingly permeates the individual’s mental
landscape, we must confront the accompanying ethical risks and safety bounda-
ries. Firstly, the “ultimate immersive experience” pursued by digital art installa-
tions presents a double-edged sword for individuals experiencing depression. In-
tense visual stimuli—such as high-frequency flickering, highly saturated colours,
or abrupt spatial distortions—may exceed the audience’s “window of tolerance”
and induce sensory overload (Siegel, 2020). For audiences with fragile psycholog-
ical defences, excessive sensory intervention may not only fail to produce thera-
peutic effects but could instead trigger anxiety, dissociation, or even physiological
panic responses. This necessitates establishing a ‘minimum stimulation threshold’

standard for technological interventions, grounded in real-time audience feedback.

Secondly, digital healing confronts an ethical paradox of “virtual escapism” and
“detachment from reality”. Digital therapeutic systems often provide momen-
tary solace by constructing a highly idealised, aesthetically refined virtual utopia.
For those suffering from depression, however, this extreme illusion of beauty
may create an overly jarring contrast with the heavy, complex realities of the
physical world. Should the system overemphasise its ‘refuge’ function, it may
induce pathological dependency, prompting users to seek emotional compensa-
tion within virtual realms while neglecting essential social connections in real
life. This risk of ‘digital addiction’ may lead users to experience deeper feelings

of helplessness and alienation when confronting real life after the intervention
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ends, thereby undermining the original intent of supporting functional recovery
(Turkle, 2011).

Moreover, the deep extraction of individual biological data by digital intervention
systems poses challenges to privacy protection and algorithmic ethics. The leakage
of highly private ‘biometric fingerprints’ such as brainwaves, heart rates, and emo-
tional trajectories could inflict irreversible negative consequences upon recipients.
Concurrently, when algorithms autonomously generate therapeutic landscapes
within a ‘black box’ state, the invisibility of their internal logic may inadvertent-
ly trigger specific psychological trauma symbols in the audience, leading to inter-
vention run amok. Consequently, systems must incorporate risk content alerts
and immediate interruption mechanisms to ensure audiences possess absolute
informed consent and autonomy over intervention content, thereby preventing

technological intervention from evolving into a form of covert algorithmic control.

In response to the aforementioned challenges, future digital art interventions
should strive to establish personalised adaptive mechanisms. Systems should not
deliver uniform artistic prescriptions but rather incorporate dynamic feedback al-
gorithms that automatically adjust the intensity of artistic output based on the
audience’s real-time physiological indicators, thereby achieving precise interven-
tion. Concurrently, the principle that ‘artistic design serves as the medium, with
medical monitoring as the baseline’ must be upheld. A clinical evaluation system
involving collaboration between artists, psychological specialists, and neuroscien-
tists should be established to ensure the scientific rigour of intervention content.
Furthermore, designs should incorporate dedicated ‘psychological buffer periods’
or ‘exit pathways’. Through gradual transitions in audiovisual stimuli, these facili-
tate audiences’ safe and smooth return from highly digitalised environments to the

physical world, preventing a sense of detachment from reality.

In essence, digital media art’s intervention in depressive symptoms represents hu-
manity’s tender application of technological means to enhance life’s texture. Fu-
ture digital healing should not merely pursue technological extremes but, while re-
specting individual emotional boundaries and safeguarding psychological security,
contribute to building a more humanistic modern mental health system through
deep interdisciplinary integration. This constitutes not only technological advance-
ment but also a profound reconciliation between art and science on the scale of

humanity.
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Abstract

This paper presents a practice-based research investigation into col-
laborative tapestry-making as a pedagogical approach within fashion
design education. The research is grounded in the project Threads of
Care, alarge-scale woven textile developed through the collective efforts
of students, educators, and local artisans. This research draws from
Kolb’s experiential learning theory as the framework and explores in
greater depth the effect of practical and hands-on learning methods
on students’ interest, skill development and knowledge acquisition of
sustainable craft practices. Data were collected through observation,
reflective documentation, participant interaction, and analysis of ma-
terial outcomes. According to the results, collaborative textile-making
brings about increased awareness of the material, involvement on a
socio-emotional level, and establishes strong links between educational
and community-based craft knowledge.

Keywords: Practice-based research, experiential learning, craft pedagogy,
textile education, collaborative making.
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Introduction

Tapestry, historically recognized as both a decorative and narrative textile form,
has evolved into a medium that carries cultural, social, and political meaning. In
contemporary practice, it operates not only as an artistic artifact but also as a pro-

cess-oriented form of knowledge production.

Despite the design curriculum receiving the most attention in modern education
systems, the question of incorporating the craft for sustainable and experiential
models of learning is increasingly seen as a major concern. Here tapestry is seen as
a medium that combines the technical knowledge, creative freedom, and the con-

cept of living together through the community-oriented interaction.

The study argues that collaborative craft practices enable a shift from individu-
al skill acquisition toward collective, situated, and experiential forms of learning,
where knowledge is constructed through engagement with materials, processes,

and social interaction.

Methodology

This research adopts a practice-based qualitative methodology, in which knowledge
is generated through the act of making and reflecting on that process. The study
aligns with frameworks of practice-as-research (PaR) and research through design
(RtD), where creative practice functions as both method and outcome. Rather than
isolating the project as a case study, the research treats the making of the tapestry
as an epistemic process, through which insights into learning, collaboration, and

material engagement are produced.

The participants consisted of 10 undergraduate students enrolled in the second
year of a fashion design program during the 2025/2026 academic year. The group
had varying levels of prior experience with textile techniques but limited exposure
to large-scale collaborative weaving practices. Participation in the project was in-
tegrated into their studio-based coursework. In addition to the student group, the
process was supported by academic staff and local artisans, who contributed to

mentoring and knowledge exchange throughout the making process.

The preparation phase included the concept formation of the project, along with
the choice of proper materials and weaving methods. At this time special efforts
were made to start working with local artisans, so that the project would be a blend

of both scholarly and craft knowledge.

©
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The implementation phase was all about bringing the project to life primarily
through a series of workshops and joint weaving sessions. The students were in-
volved in the making process, at times individually but also collectively, under reg-
ular mentoring and guidance. This stage was very much about learning by doing
and through experience, as the participants got to understand the features of the
materials, vie with different techniques, and face the challenges that arose, all in

the moment.

The last stage of the research was primarily about reflection and evaluation, both of
which were very carefully and systematically done. Apart from gathering student
feedback via informal interviews, analysis of the level of engagement, technical

and creative skill development were also performed.

The study’s data collection was quite diverse, including taking pictures of the pro-
cess, observing the students’ involvement first hand, and having informal discus-
sions with the participants. Furthermore, the physical outputs were examined
through the comparison of the small-scale tasks and the final large-scale collabo-
rative tapestry, which offered insight into the growth of both technical skills and

creative decision-making ability.

Literature Review

Tapestry as Cultural and Artistic Practice

Tapestry is typically linked with the highest levels of skill, labor and creativity. Dur-
ing the days of the Arts and Crafts movement, William Morris even considered the
making of tapestries as one of the most sensitive forms of textile work (Huang,
2015). He made comparison between the creation of tapestries and that of mosa-

ics, in which each tiny piece adds to the overall polished metro.
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Figure 1.

William Morris and one of his tapestries, The Woodpecker.

Note. Portrait of William Morris reproduced from Art & Home; image of The Wood-
pecker tapestry reproduced from Hines of Oxford

Over along period of time, especially throughout the Middle Ages and Renaissance,
artistic representations based on the various stylistic elements of diverse ancient
Egyptian and Peruvian civilizations have been deeply elaborated. At that time, the
works of art commissioned by the nobility were fairly complicated through the

beautifully knitted narrative.

Nowadays, a tapestry can be not just a wall decor item in a room. In fact, it can be
a means to depict the history of a community, politically or culturally (Adamson,
2013).

In the modern world, tapestry is experienced and used differently than in the past.
Modern artists’ intent on tapestry is not merely to achieve beautification, but mes-
sages of far-reaching social purpose, political commentary, as well as identity, and
sustainability are the vehicle of communication that artists choose. While refer-
ring to “Thinking Through Craft,” Glenn Adamson brings up some instances of tap-
estries as a medium of a political message, feminist media, and criticism, or gener-
ally any medium of visual message communication. Take for instance, the tapestry
made by the women of the Greenham Common protest camp with Janis Jefferies’

facilitation, and whose main aim was to convey a feminist message.
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Glenn Adamson refers to the fact that, apart from being a medium of communi-
cation, today’s tapestry is also an issue worthy of lively debate among artists. This
is clearly evident in the case he gives of Anne Newdigate, the Canadian artist who
finds fault with the Lausanne Biennale for creating an elitist sanctuary for “high”

tapestry that excludes “women’s work” and the traditional textile culture.

Craft Knowledge and Mentorship

Craft-based learning heavily relies on the interaction between teacher and student,
and the teacher imparting their knowledge through demonstration, observation,
and practice. Holmberg (2022) suggests that craft knowledge should be regarded as
a legitimate form of knowledge, equal to theoretical research, and its educational
role should be recognized. Through mentorship, learners have the opportunity to
access tacit knowledge, skills and understanding that cannot be effectively con-

veyed by words alone.

Hands-On vs Experiential Learning

Hands-on learning emphasizes physical interaction with materials and methods,
which helps students develop their motor skills, focus their attention on details,
and improve their problem-solving skills. Experiential learning, however, is not
limited to this method alone. It also involves integrating reflection, conceptual-
ization, and application into the learning process (Hoi et al., 2021). According to
Kolb’s learning cycle, learning takes place through ongoing cycles of experiencing,
reflecting, and experimenting with new ideas. Such a difference is major in un-
derstanding how learning is altered when one moves from school activities to the

actual in-person team work.

The Role of Effective Mentoring and the Difference Between Hands-
On and Experiential Learning

During the academic year 2025/2026, students engaged in the project learned
about several methods for producing and altering textiles in small quantities.
Among them was a modern contemporary tapestry weaving technique, which
employs enlarged yarn sizes and different core manipulations to create a three-di-
mensional and lively effect (loop weaving). In craft-based learning, the mentoring
methods are very crucial as they help in skill development, creativity and under-
standing the craft at a deeper level. Such an approach is based on learning by do-

ing, where learners work with the materials and techniques under the supervision
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of knowledgeable artisans. The next parts discuss the role of mentoring and the

method in craft-based learning.
Figure 2.

Detail of loop weaving technique demonstrating variations in yarn thickness and

three-dimensional textile manipulation developed during the workshop process.

|

il

Note. Photograph by the authors (2025)

Mentoring in craft-based learning entails a personal connection between a mentor
(a professor or a highly skilled craftsperson) and a mentee (student). This connec-
tion is fostered through demonstration, provision of guidance, and offering sup-
port during performance. Holmberg (2022) states that “craft knowledge should be
equated with other bases of knowledge that a researcher has” (p. 208). This points
to the significance of hands-on knowledge in the mentoring procedure because it
enables students to acquire understanding that is not readily available through

conventional teaching methods.

For craft-based and design education, “hands-on learning” implies getting one’s
“hands dirty” and directly interacting with materials and tools in order to acquire
practical skills and knowledge of material properties (Joshi & Kaur, 2025). Conse-
quently, students enhance their motor skills, deepen their sensory perception of
materials, learn to pay close attention to details, and develop their problem-solving
ability in the actual task performing. Nonetheless, such method usually doesn’t

involve a systematic reflection or linking to wider theoretical and societal contexts.

Experiential learning, alternatively, can be considered as a method starting by

real experience (usually hands-on), and it is followed by analysis, reflection, and

©
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abstraction. The process culminates with the application of what has been learned
in new settings. For design studies, experiential learning involves tangible work
that serves as a deliberate means to cognitive development, critical thinking, so-
cial-emotional competencies, and cultural and societal context awareness. There-
fore, hands-on activity is central, whereas experiential learning converts that center
into thorough learning, personal transformation, and professional proficiency. As
shown in Figure 3, the mentoring process is realized through direct engagement,

demonstration, and collaborative making.
Figure 3.

Collaborative weaving process and mentoring interaction.

Note. Photograph by the authors (2025)

Experiential learning is one of the main facets of craft-based education, as in these
types of courses the students learn a craft by actually doing it. Teaching this way
is very close to the idea behind Kolb’s experiential learning theory which states
that learning is a process starting from a concrete experience, then reflective ob-
servation, to abstract conceptualization, and finally to active experimentation. For
instance, in tapestry weaving classes, the students are actually involved in weaving,

and this helps them grasp the whole craft.

Holmberg (2022) notes that “learning is situated...not always progressive; basic
understanding is gradually shaped and reshaped” (p. 217). Learning in this sense
doesn’t necessarily mean a linear progression “from point A to point B”, nor does it
happen in isolation; in fact, it is influenced by many external factors and personal
experiences. This is in line with the spiral-shaped nature of learning in craft prac-
tices as well, where each experience is a part of the student’s overall understanding
and skill development. Knowledge doesn’t flow at a steady rate; sometimes it is
very rapid, and at certain times one gets a feeling of standing still and these are
the moments when one re-examines and reflects on the ways to improve the tech-

niques. Eventually, all these small actions together lead to the creation of mastery.
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Figure 4.

Development of the woven tapestry: (a) intermediate stage of construction showing ma-
terial density and structural exploration; (b) later stage illustrating refinement, open-

ness, and compositional balance.
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Note. Photograph by the authors (2025)

On Social-Emotional Learning

Socio-emotional learning (SEL) is a crucial component of craft and experiential
education, particularly when working together in collaborative situations like tex-
tile-making. In the Threads of Care initiative, the very act of weaving together fos-
tered an environment where students were able to acquire technical skills and at
the same time responded to each other through shared decision-making, mutual
support, and taking collective responsibility. These kinds of interactions are typi-
cal of social-emotional learning components like self-awareness, building relation-
ships, and being a responsible member of the group (CASEL, 2020).

Here, learning is not something isolated from the surroundings. While students
get engaged with the study material, as well as each other, knowledge becomes the
product of a joint effort of communicating and interacting. This corresponds to the
idea of situated learning (Lave & Wenger, 1991) where the knowledge is something
that flows from becoming a member of a community of practice rather than from
the individual instructor. Besides, Holmberg (2022) has noted that learning is “not
always progressive”. Such changes in students’ engagement levels can be attributed
to this reason. To illustrate, they may be confused, must revisit the same things, or
even put their progress on hold for a while. One should not think of these moments

as failures, rather they’re part of the normal learning process.
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At certain points, students would pause, question their decisions, or adjust their
techniques. These moments, although less visible than the act of making itself,

were essential for reflection and understanding.
Figure 5.

Development stages of the collaborative woven tapestry: (a) intermediate phase show-
ing density, layering, and ongoing structural experimentation; (b) near-final phase
demonstrating refinement of form, openness of composition, and collective material de-

cision-making throughout the experiential learning process.

o~ o - T e Y

Note. Photograph by the authors (2025)

From an experiential learning point of view, emotional engagement and cognitive
development go hand in hand. Kolb (1984) points out that experience by itself is
insufficient; it is only through reflection and re-experience that learning gets in-
tensified. During the weaving activity, the gradual increase in students’ confidence,
their heightened perception of the nature of the material, and their increased will-
ingness to work together were the main indicators of how engagement could lead
to learning. Besides the physical act of handling textile materials, the social aspects
of the group contributed to the creation of a learning environment whereby both

personal development and the group consciousness could be nurtured.

The project clearly shows that collaborative craft practices can be a resource for
social-emotional competencies, besides technical and creative development. The
feeling of being part of a group, co-authorship, and shared engagement noticed in
the project, all point to the fact that collaborative making can serve as a powerful

framework for designing education that addresses the whole person.



Figure 6.

Final collaborative tapestry developed through loop weaving techniques, demonstrating
collective authorship, material experimentation, and experiential learning processes.

Note. Photograph reproduced from Fashion Weekend Skopje Instagram account
(2025). Fashion Weekend Skopje Instagram
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Findings

Increased Interest by Means of Scale and Teamwork

The study shows that students’ interest in the subject matter rose sharply when
they were part of large group work as opposed to working individually. The con-
cept of co-authoring in this case, a single piece of textile that would be gradually
transformed allowed each student to feel a part of the group and, at the same time,

sparked their enthusiasm for the activity.

Normally, when working on their own, students are mainly responsible for their
own results; however, in this instance, the tapestry had so much on show that it
kept asking for new contributions. People could easily see their personal effort as
a piece in the grand design, this way of perceiving the whole having a very high
impact on motivation and dedication. This is the reason why it may well be that the

scale plus collaboration are two of the main stimuli at work here.

Development of Material Sensitivity

Spending more time with textile materials helped students to perceive texture,
structure, and form more deeply. Initially, after a small contact with materials, stu-
dents saw them only as fixed objects, but they now understand that they change

and can be influenced while the work is in progress.

By frequent handling and trying out new ways, they felt the difference between
compactness, tightness, and layering. Eventually, this resulted in making calls
based on a gut feeling when material interaction overtook the idea generation.
This transition probably indicates a profound performance of material recognition,

which, in most cases, needs more time than a short task, or a teacher-led exercise.

Mentor-Mentee Relationship as a Channel for Knowledge Transfer

The master craftsman was the key instigator for issuing tacit knowledge transfer.
Students got the chance to acquire skills and insights by seeing, being corrected
and receiving informal guidance, which are things that cannot be easily transmit-
ted through theoretical teaching only.

However, this method of knowledge sharing was not limited to skills only. It has
had an impact on students’ attitude towards problem-solving, meticulousness, and
work tempo as well. Consequently, mentorship has not only been identified as a
helping factor but as a main factor in the educational process which also supports

the significance of craft-based education.
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Shifting from Manual Work to Experiential Education

Previously, through several classroom activities, students learned some very basic
technical skills, however, the nature of the project being collaborative and a shared
endeavor made it even more learning that students got the chance to learn not
only from their teachers but also from one another which is more effective than

traditional teaching.

They had to make decisions at the moment, think of ways to overcome unfore-
seen difficulties, and change their plans as they progressed. This led to thinking
and learning through the task, not just after its completion. Thus, the project did
more than just provide hands-on learning as technical work; it became a learning
through experience process whereby knowledge gets re-constructed step by step by

doing, reflecting, and doing again.

Socio-Emotional Impact

This project, designed in such a way that it must be done collectively, brought about
participants’ significant socio-emotional changes. Students felt a stronger belong-

ing and a deeper connection to both the activity and the members of the group.

Striving for a common goal eventually brought about a higher mutual understand-
ing and a sense that everyone was dependent on each other so closely that even the
smallest action of one affected the whole result. The outcome of this not only made
the group being one unit in a very strong way but also gave the students a sense of

being capable and motivated.

From these points, it can be concluded that collaborative craft practices can play
a part in social-emotional learning by making interpersonal relationships, shared

responsibility, and collective creativity the very core of the learning process.

Discussion

As concluded from this research, incorporating tapestry-making in a collaborative
and experiential learning environment could be one of the most effective ways of
teaching fashion design. Together making textiles is more than just a technical
problem; it is also a way to engage on a profound level with both material and so-
cial sides of design practice. Going from working alone to working with others is
just one example showing how drastic the overall shifts are happening in the field

of design education today. Increasingly, educational institutions are turning their
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focus towards community-based practices, sustainability, and other collaborative
ways of thinking. So, a tapestry is not just a thing made from threads but also a
means for conversation, dealing with differences, and commemorating the shared
work. The team’s joint efforts encourage students to step away from just showing
their own selves through designs and to start looking at design as a community

activity that is part of society.

Besides that, the addition of craft-related activities within a university environ-
ment puts the age-old divisions between the study of ideas and practical know-how
into question. As was evident from allowing the participants to be their own in-
structors through the act of handling the material, knowledge comes through not
only from grasping the ideas but more importantly through the senses and hidden
knowledge. This argument relies on the point that making things can be a proper
research approach wherein knowledge is being produced through engagement with

materials, methods, and people.

On the other hand, this initiative draws to the fore that what matters more is the
journey than the destination. The way the tapestry keeps on being modified and the
group continually making decisions without a leader strongly advocates for the way
that design learning should be capable of including aspects such as not knowing, try-
ing again, and thinking that are to form the very elements of learning. Therefore, the
project reflects through its very essence the experiential learning agenda that puts

the spotlight on continuing involvement rather than a straight line progress.

The findings show that the fusion of working together, learning through making,
and using the experiential ways can be seen as a step toward an education which
covers all aspects of a person. Such an education style does not only give people
skills both technical and creative, but it also arouses their critical thinking, makes
them aware of society, and last but not least comes in with the idea of sustainability

being more understood within the design procedures.

Reflection and Adaptation

The reflection phase of the project focused on observing and documenting the so-
cio-emotional dynamics that emerged throughout the collaborative process. Par-
ticular attention was given to how students interacted with one another, how they
responded to shared responsibilities, and how their engagement evolved over time.
These observations provided insight into the less visible aspects of learning, in-

cluding confidence development, communication, and group cohesion.
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To gain a better understanding of how learning in different environments makes
a difference, a few informal interviews were recorded with participants. During
these conversations, the distinctions between “working in the classroom”, which is
mostly done through practice, and “doing a group project outside the classroom”,
which is more of a learning by doing, were discussed. Students also talked about
the differences between work assigned to individuals and work that is made for
public communication and final collective presentation. They said that the feeling
of responsibility and awareness were much stronger when their work served a com-

mon product.

The results also demonstrate that changing from hands-on to experiential learning
settings has an impact on students and educators. Students showed greater engage-
ment and willingness to change; however, teachers had to redefine their roles, from
being the ones who give instructions to the ones who guide and support students
in a more open approach. Teachers needed to find new ways of being no longer sim-

ply delivering content, but acting as the ones who guide and help students.

This thinking over the paper demonstrates that learning in craft-based education is
a kind of living thing, a product of human minds meeting, adjusting to each other,
and the environment. Being able to switch back and perform in a conventional/
directed and a free/open setting is a critical requirement if one is to facilitate devel-

opment of skills as well as achievement of other educational purposes.

Conclusion

This research demonstrates that collaborative tapestry-making can function not
only as a pedagogical strategy but also as a mode of knowledge production within
practice-based research. By situating learning within the act of making, the study
highlights how material engagement, social interaction, and reflective processes

converge to generate meaningful educational outcomes.

The findings suggest that learning in design education extends beyond the acqui-
sition of technical skills, encompassing embodied, tacit, and relational forms of
knowledge. Through sustained interaction with materials, students developed
material sensitivity and intuitive decision-making, while collaborative processes
fostered shared responsibility, communication, and socio-emotional awareness.
Mentorship played a crucial role in mediating these processes, enabling the trans-
mission of knowledge that is difficult to articulate through conventional teaching
methods.
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Importantly, the study positions collaborative making as a legitimate research
methodology, contributing to ongoing discussions in practice-as-research and de-
sign pedagogy. It challenges traditional distinctions between theory and practice,
suggesting that knowledge can be produced through processes that are sensory,

collaborative, and situated.

Despite these constraints, the study offers a compelling argument for the inclusion
of craft-based, experiential, and collaborative approaches within contemporary de-
sign education. Such approaches support not only technical and creative develop-
ment, but also broader competencies related to critical thinking, adaptability, and

social engagement.

References
Adamson, G. (2013). Thinking through craft (2nd ed.). Bloomsbury Academic.

Art & Home. (n.d.). William Morris tapestries: A complete guide to Morris tapestries. https://
artandhome.net/william-morris-tapestry/

Collaborative for Academic, Social, and Emotional Learning. (2020). CASEL’s SEL framework:
What are the core competence areas and where are they promoted? https://casel.org/ca-
sel-sel-framework/

Center for Instructional Technology and Training. (n.d.). Kolb’s four stages of learning. Univer-
sity of Florida. https://citt.it.ufl.edu/resources/course-development/the-learning-process/
types-of-learners/kolbs-four-stages-of-learning/

Fashion Weekend Skopje. (2025). [Photograph of the collaborative tapestry exhibited at Fashion
and Crafts: FWSK] [Instagram post]. Instagram. https://www.instagram.com/p/DQuOt8G-
COKy/

Hines of Oxford. (n.d.). The Woodpecker loom woven tapestry (2 sizes available). https://www.
hinesofoxford.com/the-woodpecker-loom-woven-tapestry-2-sizes-available. html

Hoi, H. T., Tinh, N. T., Huyen, N. T. T., Danh, N. T., & Thoi, N. T. (2021). The importance of expe-
riential activities for students: A case of Ho Chi Minh City, Vietnam. Journal for Educators,
Teachers and Trainers, 12(4), 9-15. https://doi.org/10.47750/jett.2021.12.04.002

Holmberg, A. (2022). Traces of a textile tradition. In T. Westerlund, C. Groth, & G. Almevik
(Eds.), Craft sciences (pp. 208-227). Gothenburg Acta Universitatis Gothoburgensis.

Huang, Q. (2015). Nature in art: William Morris and the Woodpecker tapestry design [Writing samp-
le]. Qiangian Design Journal. https://qianqiandesignjournal.wordpress.com/wp-content/
uploads/2015/02/gianqgians-writing-sample.pdf



IJAD
International Journal of Art and Design

Joshi, S., & Kaur, R. (2025). Exploring experiential learning practices and the use of craft-based
learning in architectural pedagogy from an educators’ perspective. International Journal of
Applied Mathematics, 38(11s). https://ijamjournal.org/ijam/publication/index.php/ijam/ar-
ticle/view/285

Kolb, D. A. (1984). Experiential learning: Experience as the source of learning and development. Pren-
tice Hall

Lave, J., & Wenger, E. (1991). Situated learning: Legitimate peripheral participation. Cambridge
University Press. https://doi.org/10.1017/CB0O9780511815355



INTERNATIONAL JOURNAL
’ OF ART AND DESIGN

S|
@0ee

DOI: https://doi.org//10.69648/XUCH4580
International Journal of Art and Design (IJAD),
2026 3(1): 75-87

ijad.ibupress.com

Online ISSN: 2955-2400

Application: 14.04.2026
Revision: 20.05.2026

Acceptance: 23.06.2026
Publication: 26.06.2026

~>

Despot, K., & Sandeva, V. (2026). Compositional
principles in industrial design: A comparative
analysis of traditional and digital practices. Inter-
national Journal of Art and Design, 3(1), 75-87.
https://doi.org//10.69648/XUCH4580

@

Prof. d-r Katerina Despot' & Prof. d-r Vaska Sandeva?

'Faculty of Natural and Technical Sciences, University
“Goce Delcev”, Stip, North Macedonia, 0009-0003-
5532-1127

“Faculty of Natural and Technical Sciences, University
“Goce Delcev’, Stip, North Macedonia, 0009-0002-
9780-8200

Correspondence concerning this article should be
addressed to Katerina Despot.

Email: katerina.despot@ugd.edu.mk

BALKAN
¥ JOURNALS

Compositional Principles
in Industrial Design: A
Comparative Analysis of
Traditional and Digital
Practices

Prof. d-r Katerina Despot & Prof. d-r Vaska Sandeva

Abstract

This paper examines compositional principles in industrial design through
a comparative analysis of traditional and digital design practices. The
focus is placed on the fundamental structural elements of composition,
balance, contrast, rhythm, proportion, and visual hierarchy, and their
role in shaping the form, functionality, ergonomics, and visual identity
of industrial products (Arnheim, 1974; Lupton & Phillips, 2015).

The research is based on a qualitative analysis of representative examples
from Macedonian industrial design, including products from the 1970s
as well as contemporary solutions in furniture and lighting design.
Through a comparative approach, the study analyzes the transforma-
tion of compositional strategies from static, materially determined
systems to dynamic, adaptive, and digitally generated forms (Forty,
1986; Kolarevic, 2003).

The results indicate that, despite the conceptual stability of compositional
principles, their operational application has significantly evolved under
the influence of digital technologies and new design methodologies. The
study further suggests that excessive reliance on digital tools may lead to
formal homogenization, while traditional approaches remain constrained
by material and production conditions (Burry, 2011; Sennett, 2008).

The paper concludes that a hybrid model, integrating material intelli-
gence with computationally generated processes, represents the most
balanced and relevant approach for contemporary industrial design
practice (Oxman, 2010; Norman, 2013).

Keywords: Industrial design, composition, digital transformation, tra-
ditional design, hybrid model
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Introduction

Compositional principles represent a fundamental foundation in industrial design,
defining the organization, structure, and visual coherence of elements within a
product. They play a crucial role not only in shaping aesthetic characteristics but
also in functional optimization, influencing ergonomics, usability, and the interac-
tion between the user and the product (Arnheim, 1974). Furthermore, the proper
application of compositional principles contributes to clear visual communication

and product recognition in the market (Forty, 1986).

In the context of industrial design, compositional principles such as balance, con-
trast, rhythm, proportion, and visual hierarchy constitute key parameters in the
design process. Their application varies depending on technological conditions,
materials, and production methods, leading to significant differences between tra-

ditional and contemporary digital practices (Lupton & Phillips, 2015).

Historically, industrial design in Macedonia during the 1970s was characterized
by the dominance of a traditional approach grounded in functionality, rationality,
and material constraints. Products such as furniture from “Treska” Skopje, light-
ing from “Metalec” Skopje, and various household appliances are characterized by
simple, stable, and symmetrical compositions, where form is directly conditioned
by materials and production processes (Forty, 1986).

In the contemporary period, with the development of digital technologies, indus-
trial design has undergone a significant transformation. The use of CAD tools, 3D
modeling, and digital prototyping enables the creation of complex, adaptive, and
interactive forms (Kolarevic, 2003). Examples of such practices can be observed in
contemporary Macedonian design through furniture studios such as “Skopje De-
sign,” products developed by startups like “MakDizajn,” as well as student projects
at the Institute of Architecture and Design at UGD in Stip, which combine tradi-

tional materials with digital techniques.

This transformation indicates an evolution of compositional principles from stat-
ic, materially conditioned solutions toward dynamic and user-oriented systems.
In this context, there is a clear need for a comparative analysis that examines the
differences, similarities, and possibilities for integration between traditional and

digital practices (Norman, 2013).

The aim of this paper is to analyze compositional principles in industrial design
through a comparison of traditional and digital approaches, with particular em-

phasis on their application in the Macedonian context. Through this research, the
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study seeks to identify the advantages and limitations of both approaches, as well
as the potential of the hybrid model as a contemporary design strategy (Oxman,
2010; Burry, 2011).

Theoretical Framework

The theoretical framework of this paper defines composition as a central analytical
category in industrial design through which the visual, functional, and perceptual
aspects of a design product are integrated. Composition is understood as a system-
ic and relational process rather than merely a formal organization of elements, en-
abling the analysis of its transformation across different technological and cultural

contexts.

In industrial design, the fundamental compositional principles, balance, rhythm,
contrast, proportion, and visual hierarchy, function as structural mechanisms for
organizing form and function. Arnheim (1974) emphasizes that these principles
represent perceptual structures that directly influence the user’s visual experience,
while Lupton and Phillips (2015) define them as systems of visual communication

that enable order, clarity, and functional logic in design.

Traditional industrial design is based on materiality, production constraints, and
the rationalist principles of modernism. In this context, composition has a static
and deterministic character, where form is directly conditioned by the properties
of materials and industrial processes (Forty, 1986). This approach results in stable,
symmetrical, and functionally optimized solutions, in which the visual structure is

strictly controlled.

In contrast, contemporary digital industrial design introduces computational and
parametric systems of form generation. According to Kolarevic (2003), digital
design represents a shift from representation to generation, where form evolves
through algorithmic rules rather than fixed geometric constraints. In this context,
Norman (2013) highlights that contemporary design is focused on user experi-
ence, whereby composition assumes a dynamic and interactive role in organizing

perception and interaction.

However, critical theorists point out that digital freedom does not necessarily lead
to better design outcomes. Burry (2011) argues that excessive reliance on algorith-
mic processes may result in formal homogenization and a loss of the material logic
of the object.
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In this direction, the hybrid approach emerges as an integration of material in-
telligence and computationally generated processes. This model enables a balance
between craftsmanship and digital flexibility, producing multidimensional compo-

sitions that optimize form, ergonomics, and user experience (Oxman, 2010).

Accordingly, the theoretical framework establishes an analytical model based on
three levels: (1) material determination, (2) functional-perceptual organization,
and (3) computational variability. This model serves as a foundation for further

comparative analysis of traditional and digital practices in industrial design.

Methodology

The methodological approach of this study is based on a qualitative research design
employing comparative analysis, aiming to provide a systematic and interpretative
understanding of the transformation of compositional principles in industrial de-

sign within the context of traditional and digital practices.

The research is grounded in a combination of theoretical analysis and visual inter-
pretation, with a focus on the formal, functional, and perceptual aspects of design
objects. This approach enables a multidimensional understanding of composition
as a dynamic system shaped by technological and cultural factors (Cross, 2011;
Schoén, 1983).

Research Design and Sample Selection

The study applies purposive sampling of representative examples from Macedo-
nian industrial design in order to ensure relevance and historical comparability
(Patton, 2002).

The selected examples are divided into two clearly defined categories:

+ (1) traditional industrial design (1970-1989)

+  (2) contemporary digital design (2000-2025)

This categorization enables the analysis of the transformation of compositional

principles across different technological and production paradigms (Kolarevic,
2003).
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Analytical Framework and Criteria

Each selected example is analyzed through a structured analytical framework based

on the following compositional parameters:

+  organization of form and compositional structure
+  relationship between aesthetics and functionality
+ ergonomics and user experience

+ degree of variability and adaptability

+ influence of materials and technology on form

These criteria function as coding categories for the comparative analysis of design
solutions, allowing for systematic interpretation of visual and functional charac-
teristics (Lupton & Phillips, 2015; Ulrich & Eppinger, 2016).

Methods of Analysis

The research applies a descriptive-interpretative method combined with qualita-
tive coding of visual and formal characteristics. This approach enables the identi-
fication of patterns, similarities, and differences between traditional and digital

design practices (Schon, 1983).

Research Limitations

The study is limited to a qualitative analysis of selected examples without quanti-
tative measurement, implying interpretative rather than statistical validity of the
results. While this approach allows for in-depth analysis, it does not provide gener-

alizable findings in a statistical sense (Creswell, 2014).

Analysis

The analysis of compositional principles in industrial design indicates that, al-
though their theoretical foundation remains stable, their practical application var-
ies significantly depending on the technological, production, and cultural condi-
tions of design practice. This suggests that composition should not be understood
as a fixed category, but rather as a dynamic system of visual and functional organi-
zation (Arnheim, 1974; Lupton & Phillips, 2015).
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Traditional Industrial Design (1970-1980)

Traditional industrial design in the Macedonian context developed within the
framework of the modernist paradigm, where form is directly conditioned by mate-
rial and production constraints. Examples such as furniture produced by “Treska”
Skopje and lighting from “Metalec” Skopje are characterized by rational geometry
and functional simplicity, in line with the modernist principle of functional deter-
minism (Forty, 1986; Frampton, 1992).

In this context:

+  balance is predominantly symmetrical and static
+  rhythm derives from serial production

+  contrast is reduced in favor of functionality

+  proportion is constrained by material properties

+  visual hierarchy is single-layered and direct

This approach results in a high level of functional clarity but limited formal expres-
siveness (Papanek, 1985).

Figure 1.

Traditional design process — sketching and clay modelling. This figure presents the tradi-
tional industrial design process, where initial sketches are followed by manual clay mode-

ling, emphasizing material-based form development and hands-on craftsmanship.

Note. Author’s conceptual illustration generated with ChatGPT (OpenAl), 2026.

0
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Figure 2.

Hybrid design process — sketches, 3D model, and prototype. This figure illustrates the
transition from initial hand sketches, through digital 3D modeling, to the final physical
prototype, demonstrating the hybrid workflow in industrial design.

Note. Author’s conceptual illustration generated with ChatGPT (OpenAl), 2026.

Contemporary Digital Industrial Design (2000-2025)

Contemporary digital design develops within the context of computer-aided design
processes, where composition becomes generative and adaptive. According to Kolarev-
ic (2003), this shift from representation to generation enables the creation of forms

that are not directly determined by material constraints but by algorithmic rules.
In this context:

+  balance becomes asymmetrical and dynamic

+  rhythm is variable and parametrically generated

+  contrast is enhanced through multimaterial combinations

+  proportion is optimized through digital simulations

+  visual hierarchy is multilayered and interactive

These characteristics enable greater personalization and ergonomic adaptation,
while simultaneously creating a risk of formal homogenization due to dependence
on software tools (Burry, 2011; Oxman, 2010).
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Figure 3.

Digital design process — 3D modeling and rendering

Note. Author’s conceptual illustration generated with ChatGPT (OpenAl), 2026.

This figure illustrates the digital industrial design process, where products are de-
veloped through 3D modeling and rendering, enabling precise form control, visu-
alization, and iterative design optimization.

Comparative Synthesis

The comparative analysis indicates that the transformation of compositional prin-
ciples is not a result of their disappearance, but rather a shift in their operational
context. While the traditional approach is based on material determination and
production rationality, the digital approach operates through algorithmic variabil-

ity and systemic flexibility (Kolarevic, 2003).

This distinction reflects a transition from an “object-oriented” to a “system-orient-
ed” design paradigm, where composition is no longer a static arrangement but a
process of continuous adaptation (Norman, 2013). Consequently, the hybrid mod-
el emerges as the most balanced approach, as it integrates material logic with dig-
ital generativity, enabling both functional stability and formal innovation (Burry,
2011).
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Figure 4.

The image shows a comparison between traditional and digital design through everyday
objects. On the left are older items like a fan and rotary telephone, while on the right are

modern, sleek devices such as a lamp, speaker, and wireless gadgets.

Figure 5.

The image compares traditional design from the 1970s with contemporary industrial de-
sign. On the left are simple wooden chairs and a table, while on the right are modern,

minimalist furniture pieces and lamps with sleek forms.

To provide a clearer understanding of the differences and similarities between
traditional and contemporary digital industrial design, the following table sys-
tematizes compositional principles according to their practical application. The
table enables a visual comparison of key parameters—balance, rhythm, contrast,
proportion, and visual hierarchy—and highlights the transformation from static,
materially determined solutions to dynamic and algorithmically generated forms
(Despot et al., 2023).



IJAD
International Journal of Art and Design

Table 1.

Comparative Analysis of Compositional Principles in Industrial Design.

Traditional Industrial Design Modern Digital Industrial Design
(1970—1980) (2000—2025)

Compositional Principle

Balance Symmettical, Static | Asymmetrical, Dynamic

Rhythm Serial Production, Repetitive Variable, Parametric Generated
Contrast Minimal, Function-Oriented ; Enhanced, Multi-Material Mix
Proportion Material Constrained Optimized via Digital Simulations
Visual Hierarchy Single-Layered, Direct Multi-Layered, Interactive
Ergonomics Basic, Standardized Personalized, Adaptive

Creative Expression Limited by Production Constraints Expanded via Algorithmic Models
Risks Limited Flexibility oL o eatany

Tech Dependency

Source: Author’s compilation based on Arnheim (1974), Papanek (1971), Heskett
(1980), Burdek (2005), Kolarevic (2003), Norman (2013), Carpo (2011), and Ox-
man (2017).

Discussion

The results of the conducted analysis indicate that compositional principles in in-
dustrial design, although theoretically constant, are subject to significant trans-
formation in their practical application. This transformation is directly related to
technological development, changes in production processes, and the increasing
focus on user experience, which aligns with contemporary user-centered design

approaches (Norman, 2013).

Traditional Industrial Design

In traditional industrial design, composition functions as a stable and predictable
system, strongly dependent on materials and technical constraints. According to
Frampton (1992), modernist design is based on the principles of rationality, func-

tion, and constructive clarity.

As demonstrated in the analysis, products from the 1970s in the Macedonian con-

text are characterized by symmetrical structures and limited formal variation. This
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approach ensures a high level of durability and structural stability but restricts cre-

ative expression and adaptation to individual user needs (Papanek, 1985).

Contemporary Digital Industrial Design

Digital industrial design introduces new dimensions in the understanding of com-
position, transforming it from a static into a dynamic and interactive system. Ac-
cording to Kolarevic (2003), the shift from “form making” to “form generation”

enables the algorithmic modeling of complex forms.

The application of CAD and parametric design enables not only visual but also
functional optimization (Oxman, 2010). In this context, composition expands to-
ward processes of interaction and personalization, aligning with theories of user

experience (Norman, 2013).

Critical Aspects

However, this digital transformation raises important critical questions. Sennett
(2008) warns that excessive technologization may lead to the loss of the craft di-
mension of design. Additionally, dependence on software tools may result in for-

mal homogenization and a reduction of authorial individuality (Burry, 2011).

Macedonian Context

In the Macedonian context, this transformation is particularly significant, as in-
dustrial design is undergoing a process of hybridization between local traditions
and global digital trends. This aligns with Manzini’s (2015) concept of “diffused
design,” where design becomes a distributed and socially embedded practice.

Hybrid Approach

Consequently, the hybrid model emerges as the most relevant approach for contem-
porary industrial design. It enables the integration of material stability and digital
flexibility, leading to a balanced design outcome (Burry, 2011; Oxman, 2010).

Additional Analytical Insights

Advantages of digital composition:
+  rapid prototyping and testing (Kolarevic, 2003)
«  personalization and user adaptation (Norman, 2013)

«  generation of complex and innovative forms (Oxman, 2010)

©
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Limitations:

+  dependence on technology (Sennett, 2008)

«  reduced material authenticity (Papanek, 1985)

Conclusion

Based on the conducted comparative analysis, it can be concluded that compo-
sitional principles represent a stable theoretical foundation in industrial design;
however, their practical manifestation is subject to continuous transformation un-

der the influence of technological, production, and cultural changes.

The analysis of traditional industrial design in the Macedonian context of the 1970s
demonstrates a dominant rational and materially determined approach, which en-
sures functional clarity and structural stability, but at the same time limits formal
flexibility and product individualization. In contrast, contemporary digital indus-
trial design introduces an expanded and dynamic interpretation of composition,
enabled through parametric models, digital simulations, and interactive systems.
This approach significantly enhances adaptability and user orientation, but simul-
taneously raises questions related to technological dependency and the reduction

of material authenticity.

The main scientific contribution of this study lies in the identification and argu-
mentation of the hybrid model as an optimal framework approach in contempo-
rary industrial design. This model enables the integration of material stability and
constructive logic from traditional design with the flexibility and generative poten-

tial of digital technologies.

In the Macedonian context, the results indicate significant developmental poten-
tial for industrial design, particularly through the integration of digital tools, in-
terdisciplinary practices, and strengthened collaboration between academic and

industrial institutions.

As a direction for future research, it is recommended to conduct a more in-depth
analysis of the application of emerging technologies, including virtual reality, aug-
mented reality, and artificial intelligence, within compositional models in industri-

al design, as well as empirical studies focused on user experience.

In conclusion, the findings show that composition remains a key analytical and de-
sign concept, whose evolution directly reflects the transformation of technological

paradigms and contemporary societal needs in industrial design.

©
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