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difficulty obtaining core discursive power throughout the entire research and
development (R&D) process. As a new material art practitioner with a back-
ground in contemporary art, the author based on cross-disciplinary creation
and laboratory practice experience, proposes a cross-disciplinary collaborative
path of “technological breakthrough + artistic empowerment” with literature
research and multi-case study methods as the core approaches, to optimize the
traditional linear path of “first technological R&D, then artistic embellish-
ment” in the industry. Through the comparison and verification of positive
and negative cases, it is confirmed that the in-depth collaboration of technol-
ogy and art throughout the entire R&D process can break through the core
technical weaknesses of smart textiles, while constructing the aesthetic value
and humanistic core of materials. This research provides an innovative frame-
work for textile engineering researchers to break out of the homogenized com-
petition around single metrics and clarifies the core value and practical path
of the industry for new material art practitioners.
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1. Introduction

The global textile industry is currently in a critical transition period from tradi-
tional manufacturing to new materials and intelligent upgrades. Smart textiles,
with their cross-disciplinary integration characteristics, have become a core track
for industrial innovation and academic research [1]. In the past decade, the field
of textile engineering has produced a dense array of academic achievements in the
research of smart textiles, including the modification of conductive fibers, the op-
timization of functional preparation processes, and the improvement of multi-
scenario response performance. However, most of these achievements are still
limited to breakthroughs in single technical indicators and have not addressed the
core pain point of the difficulty in translating laboratory technologies into wide-
spread public acceptance and application. Meanwhile, the creation of smart textiles
in the field of new material art remains active, but most of them only stay at the level
of artistic transformation of mature technologies and have not formed an effective
counter-driving force for the iteration of material underlying technologies.

Current relevant research domestically and internationally can be divided into
two isolated branches: one is pure technical research in the field of textile engi-
neering focusing on the optimization of material performance, and the other is
pure creative research in the contemporary art field focusing on the expression of
concepts. The core academic gap that this study targets is that the academic circle
has not yet formed a two-way collaborative theoretical framework based on con-
temporary new material art practice, covering the entire chain from solving the
“core technical weaknesses” of smart textiles to constructing an aesthetic value
system, nor has it clarified how artistic creation can reconstruct the underlying
logic of technological innovation from the source of research and development
project initiation.

Based on this, this paper first clarifies the research design and core methods,
clarifying the practical basis of the research, the logic of case selection, data
sources and analysis framework; then it sorts out the authoritative definition of
smart textiles and the dual core dilemmas of the industry, and constructs a cross-
disciplinary collaborative path of “technological breakthrough + artistic empower-
ment”; through multi-dimensional case analysis, it verifies the rationality and feasi-
bility of the path; finally, it proposes two-way implementable practical paths for two

types of subjects, and clarifies the research limitations and future directions.

2. Research Design and Research Methods
2.1. Researcher Identity and Practical Foundation

The author, as a new material art practitioner with a background in contempo-
rary art, has been deeply involved in interdisciplinary research and creation pro-
jects of new materials at institutions such as the Dongshan Swire Marine Station,
the Technical Institute of Physics and Chemistry of Chinese Academy of Sci-
ences, and the Shenzhen Institutes of Advanced Technology since 2023. The
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author has been fully involved in the entire process from laboratory construc-
tion to the implementation of art creation, and is familiar with the collaborative
logic, communication barriers, and core pain points between the material engi-
neering end and the art creation end. The core logic of the collaborative path
proposed in this article is derived from the common laws distilled through the
above interdisciplinary practices. This research applies this framework to the
subfield of smart textiles, conducting systematic theoretical construction and

case verification.

2.2. Core Research Methods

This study employs two standardized academic research methods to ensure the
rigor, reproducibility, and validity of the research:

Literature review method: Systematically sort out three major types of core lit-
erature:

1) Industry standards for smart textiles released by the IEEE International Tex-
tile Society and technical research achievements in core journals of the textile en-
gineering field to clarify the status and core bottlenecks of industry technology
development.

2) Monographs and CSSCI core journal papers related to the integration of sci-
ence and technology with art and actor-network theory to build the theoretical
foundation of the research.

3) Official release materials of benchmark projects of smart textiles, industry
white papers and research reports to provide authoritative data support for case
analysis. Through literature review, clarify the academic gap and theoretical frame-
work of this research.

The multi-case study method: It adopts a research design that advances from
multiple dimensions and contrasts positive and negative cases. Through in-depth
dissection of typical cases, it verifies the feasibility and practical value of the inter-

disciplinary collaborative path proposed in this study.

2.3. Case Selection Criteria and Sample Description

This study strictly adheres to three major criteria for case selection to ensure the
typicality, representativeness, and argumentative effectiveness of the cases:

Dimensional coverage: The cases must comprehensively cover the five aspects
of “single project co-creation, discipline system construction, industry ecosystem
building, public scene application, and industrial historical evolution”, fully demon-
strating the application logic of the collaborative path in different scenarios and
at different stages.

Practical representativeness: Priority is given to projects with clear R&D data,
publicly available results, traceable information, and significant industry bench-
mark influence, ensuring that the cases truly reflect the practical effects of the col-
laborative path.

Logical consistency: The cases must fully present the core logic of “artistic
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demands being involved from the R&D project initiation, participating through-
out the technology development process, and driving technological optimization
in reverse”, which is highly consistent with the collaborative path framework of
this study.

Based on the above criteria, this study ultimately selected 5 positive benchmark
cases and 1 set of historical positive and negative contrast cases in the smart textile
field, covering nearly a century of development and various application scenarios,

forming a complete case verification system.

2.4. Data Collection and Assurance of Reliability and Validity

All data in this study are sourced from authoritative and traceable public channels,
specifically including:

1) Industry standards for smart textiles officially released by IEEE.

2) Project achievements, research reports, and academic conference papers of-
ficially released by universities.

3) Academic achievements published in CSSCI core journals and authoritative
industry journals.

4) Project materials and outcome data officially released by project sponsors
and main creative teams.

5) Officially published industry monographs and white papers.

All data have undergone a three-step verification process of “source channel
verification, cross-data validation, and original content review” to ensure the au-

thenticity, accuracy, and traceability of the data, and to avoid information bias.

2.5. Analytical Framework and Hierarchical Logic

This study adopts the core analytical framework of “Technology Breakthrough +
Art Empowerment Bidirectional Synergy” and conducts a three-level analysis for
each case:

The first level (intervention node): Analyze the time point when the art end
intervenes in technology research and development, distinguish between “inter-
vention at the source of project initiation” and “intervention in the later stage of
modification”, and verify the differences between the linear path and the collabo-
rative path.

The second level (bidirectional achievements): Dissect the technological opti-
mization achievements brought by the art end and the breakthroughs in artistic
expression supported by the technology end in each case respectively and verify
the core value of bidirectional synergy.

The third level (industry value): Analyze the demonstration significance and
long-term impact of each case on the industry and verify the practical effectiveness
of the collaborative path in solving the core dilemmas of the industry.

Through standardized analysis at the three levels and by comparing positive
and negative cases, the rationality and feasibility of the interdisciplinary collabo-

rative path proposed in this study are systematically verified.
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3. Core Definition and Development Challenges of Smart
Textiles

3.1. Authoritative Definition and Research Boundaries

This article adopts the unified authoritative definition from the International Tex-
tile Institute (TI) and the IEEE standard for wearable electronic textiles: Smart
textiles refer to textile materials and products that can sense external environmen-
tal or internal state stimuli (including temperature, humidity, mechanical action,
light, chemical substances, etc.) and can provide real-time responses and feedback
to these stimuli [2]. According to the differences in response mechanisms, smart
textiles can be classified into three categories: passive sensing smart textiles, active
response smart textiles, and adaptive smart textiles. The research boundary of this
article focuses on smart textiles in the context of artistic practice, covering the
entire process from fiber modification, fabric preparation to artistic creation, and
does not extend to industrial mass production, market promotion, and other in-

dustrialization-related content.

3.2. The Dual Development Dilemmas of Smart Textiles

At present, the development of smart textiles is confronted with two core dilem-
mas that are mutually causal. Neither a single technological approach nor a single
artistic approach can fundamentally solve them.

The first predicament is the long-term inability to break through the core tech-
nical weaknesses caused by the linear R&D logic. Currently, the R&D of smart
textiles generally takes engineering performance indicators as the sole orientation,
seriously neglecting the core wearing attributes of textile materials and the real
demands of artistic creation, thus forming three core defects that are difficult to
solve. First, there is an essential conflict between the realization of functions and
the basic attributes of textiles: to pursue core indicators such as electrical conduc-
tivity and sensing accuracy, the R&D end generally adopts processes such as con-
ductive coatings and the integration of rigid functional components, directly de-
stroying the softness, breathability, and drape of the fabric itself, and losing the
core advantage of textile materials over other industrial materials [1]. Second, the
durability of performance does not match the demands of artistic creation: most
of the smart textile samples prepared in the laboratory can only meet the short-
term display needs in the exhibition hall. For example, after five ISO 6330 stand-
ard washing procedures, the electrical conductivity of silver-coated conductive fi-
ber fabrics can decline by more than 75%; conventional thermochromic fabrics
show irreversible severe fading after 100 hours of standard light exposure testing,
failing to meet the core demand for the long-term stable presentation of artworks
[1]. Third, the preparation process is seriously disconnected from the freedom of
creation: the preparation of most smart textile materials relies on fixed fabric
structures, fiber selection and processing procedures, and artists can only pas-
sively adapt to existing technological achievements, restricting the boundaries of

artistic expression from the source of R&D.
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The second predicament is the absence of artistic discourse power, leading to
the loss of aesthetic and humanistic values. Currently, the artistic creation related
to smart textiles is generally in the “supplementary and decorative stage after the
completion of technology research and development”, rather than being a core
participant from the source of research and development, which has resulted in
three major core issues. First, the industrial part-like feel has undermined the aes-
thetic and narrative value of textile materials: the research and development end
take the realization of functions as the sole goal, and the layout of conductive cir-
cuits and sensor modules hardly considers aesthetic experience, causing the fabric
to present a stiff industrial coldness. Artists can only weaken the defect through
the way of covering the appearance but cannot solve the aesthetic contradiction
from the root. Second, the creative boundary is completely restricted by technol-
ogy, and the works are highly homogeneous, making it difficult to achieve in-
depth conceptual expression. Third, the construction of humanistic value is seri-
ously lacking: most of the current creations only use smart technology as a visual
gimmick, without deeply integrating the technical attributes of the materials with
artistic concepts, resulting in smart textiles ultimately becoming cold “functional
parts” without temperature. They not only fail to convey humanistic values and
artistic concepts but also make it difficult for technological achievements to gain

widespread emotional recognition.

4. Core Logic and Theoretical Support of the
Interdisciplinary Synergy Path

4.1. Core Logic of the “Technology Breakthrough and Art
Empowerment” Path

The “Technology Breakthrough and Art Empowerment” interdisciplinary syn-
ergy path proposed in this paper aims to optimize the traditional linear path
within the industry of “technology research and development first, then artistic
embellishment”, and to establish a symbiotic relationship of mutual empower-
ment and source-level collaboration throughout the entire research and develop-
ment process. This is also the innovation point of this study.

In this path, “technological breakthrough” refers to the cross-disciplinary inno-
vation in materials science and textile engineering to solve the fundamental prob-
lems of smart textiles in terms of performance stability, creative compatibility, and
expression freedom. Its core value lies in providing an unrestricted underlying
support for artistic expression and addressing the fundamental issue of whether
creative concepts can be realized.

The “art empowerment” in this path is not merely a post-production aesthetic
modification of technological achievements, but rather it drives the technological
optimization of smart textiles from the source of research and development pro-
ject initiation through the conceptual expression, creative demands, and aesthetic
system construction of contemporary new material art. Its core value lies in

providing a brand-new thinking framework for technological research and
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development, breaking the homogenized internal competition centered on a sin-
gle indicator, addressing the core pain point of the current industry’s “narrow ap-
plication”, and offering a new interdisciplinary path for the application and trans-

formation of textile engineering technology.

4.2. Theoretical Support for the Interdisciplinary Synergy Path

The core theoretical support for this path comes from two dimensions, ensuring
the academic rigor of the research. First, in the book “An Introduction to Experi-
mental Art”, Chinese artist Qiu Zhijie systematically expounded the core theory
of the integration of technology and art and put forward the viewpoint of “the
integration of science and art”, laying a foundation for the path from the perspec-
tive of value philosophy [3]. This perspective argues that science and art are not
in a master-slave relationship of tool and packaging but should converge at the
source of problems and jointly define them. This critical perspective directly ne-
gates the linear model of “technology development first, then artistic embellish-
ment”, establishing the value rationality of the synergy and mutual empowerment
of technology and art from the source. Second, Bruno Latour’s Actor-Network The-
ory (ANT) provides support from the perspective of social and technological mech-
anisms [4]. This theory holds that technological development is not determined
solely by technological logic, but is jointly constructed by engineers, artists, materi-
als, scenarios, and other diverse actors through equal interaction in the network.
This mechanism indicates that art is not a subordinate of technology, but an equal
actor that can participate in the definition of technology from the source, providing
the rationality of the operating mechanism for the bidirectional synergy path.

The key point of this path lies in the fact that technology and art are not in a
primary-secondary or sequential relationship, but rather an indispensable symbi-
otic one. Relying solely on technological iteration, smart textiles would merely
become cold functional components, trapped in a meaningless race for indicators;
relying solely on artistic creation, smart textiles would only become exhibition con-
cept pieces that cannot be stably presented over the long term, unable to drive the
long-term development of the industry. Only by achieving collaborative innovation
throughout the entire R&D process can both the underlying technological innova-
tion and the in-depth construction of artistic value be simultaneously realized.

5. Case Studies and Path Validation

This study presents typical cases from different dimensions and development
stages in the field of smart textiles. It progresses step by step from project co-cre-
ation, discipline construction, industry ecosystem, scene implementation to in-
dustrial evolution, validating the feasibility and core value of the interdisciplinary
collaborative path of “technology breakthrough + art empowerment”, breaking
the shackles of traditional linear R&D logic, and demonstrating the practical ef-
fectiveness of the full-process collaboration between technology and art.

The collaboration between Professor Jeanne Tan’s team from The Hong Kong
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Polytechnic University and international haute couture designer Guo Pei in 2025
is a benchmark case of how artistic demands drive technological breakthroughs
from the source of research and development. To fulfill Guo Pei’s 2025 Hong
Kong CENTRESTAGE ELITES show “Gliternity” haute couture collection’s ex-
treme artistic expression requirements for flowing molten gold light effects and
the drape and stretch of fabrics, Tan’s team did not adopt existing mature pho-
tonic textile solutions. Instead, from the very beginning of the project, they deeply
integrated the aesthetic demands and wearing attributes of haute couture art with
technological research and development. Based on the self-developed photonic
system technology from their 2015 “Crafting Photonics” series research [5], the
team custom-developed an interactive light-emitting fabric integrating an intelli-
gent photonic system and precision knitting engineering, breaking through the
core technical limitations of traditional photonic fabrics that could not simulta-
neously achieve seamless lighting, elastic stretching, and fabric wearability. The
extreme requirements of the artistic side for visual narrative and fabric texture
pushed for fundamental innovations in photonic textile technology from the op-
posite direction; and the customized breakthroughs on the technical side enabled
the realization of the haute couture art’s creative vision, perfectly illustrating the
symbiotic relationship of technological breakthroughs and artistic empowerment.

If the co-creation of individual projects has verified the practical feasibility of
the path, the long-term research of Professor Andrea Weber Marin from Lucerne
University of Applied Sciences and Arts in Switzerland since 2009 has established
a regular disciplinary system of collaboration between art and engineering,
providing an academic model for the large-scale implementation of the path [5].
Professor Marin, who has a background in environmental science, textile engi-
neering, and art design, led the establishment of the Product and Textile Compe-
tence Center in 2017 and has overseen 41 interdisciplinary projects funded by the
Swiss National Innovation Agency, completely breaking down the disciplinary
barriers between the engineering and design schools. Her team has abandoned the
traditional model of “technology research and development first, then design
transformation”, allowing designers to deeply participate from the source of pa-
tent research and process optimization. For example, the DAFAT project, which
won the Swiss Design Award in 2015, was a collaborative effort between designers
and engineers to develop the core technology of digital printing on textiles. In
2017, this technology was officially patented by the Swiss government, achieving
a breakthrough in color application technology, and maximizing the artistic ex-
pression freedom of textile design. This proves that the in-depth participation of
art in the entire process of technology research and development can break away
from the local entanglement of single performance indicators and achieve dual
innovation in technology and art.

The international symposium “Folding: Structural Materials in Textiles and
Electromagnetics” initiated by the Berlin Open Lab of Technische Universitét Ber-
lin in April 2022 further extended the collaborative path from academic institutions
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to the industry ecosystem, promoting cross-disciplinary collaboration as an in-
dustry consensus [6]. This symposium broke down the professional barriers be-
tween electronic engineering, electromagnetics, textile design, and artistic crea-
tion, focusing on the 3D structural innovation of flexible electronic textiles. Engi-
neers, materials scientists, artists, and designers worked together on the core
proposition, simultaneously conducting technological research and development
and prototype design. This collaborative model not only enabled the engineering
side to break away from the traditional research and development inertia of “pla-
nar and rigid structures”, solving the technical problem of structural adaptability
of flexible electronic textiles, but also allowed artistic creation to break through
the structural limitations of existing technologies, expanding the spatial narrative
boundaries of smart textiles, and providing a replicable cross-disciplinary collab-
oration model for the industry.

Rachel Wingfield and Mathias Gmachl, who founded their studio in 2003 at the
Loop.ph Space Laboratory in London, completed a full cycle of the collaborative
path from technological research and development, artistic creation to the trans-
formation of public value with their Sonumbra de Vincy series of works launched
in 2022 [7]. This series deeply integrates textile weaving techniques, optical engi-
neering technology and the artistic narrative of climate issues, using architectural-
level textile structures hand-woven with lace as the carrier, and integrating 4,000
meters of light-emitting optical fibers and a meteorological data interaction sys-
tem, allowing the work to respond in real time to climate change data from several
European cities, and expressing artistic concepts through dynamic light and shadow.
The technological breakthroughs in optical engineering provide a solid founda-
tion for the artistic narrative, while the artistic theme of climate change and the
scene requirements of public art have also enabled optical fiber textile technology
to move from the laboratory to public spaces, gaining wide social recognition and
emotional resonance, confirming that interdisciplinary collaboration can enable
smart textiles to achieve the triple unity of technological innovation, artistic ex-
pression and social value simultaneously.

Looking back on the century-long development of smart textiles, the cross-cen-
tury classic cases collected in “Smart Textiles and Innovative Design of Clothing
Fabrics” also confirm the core value of this path [1]: from Lacoste’s collaborative
development of mesh functional fabrics for tennis in 1926, to the interactive light-
emitting clothing created by designers and engineers of Cute Circuit in the early
21st century by analyzing “the feeling of being hugged”, and then to the interactive
shape-shifting clothing integrated with robotics and fashion design by Professor
Ying Gao in recent years, every milestone innovation in the industry is essentially
a deep collaboration between technological research and artistic demands at the
source. Conversely, much technological research that only focuses on a single per-
formance indicator and are detached from real creative and application demands
have ultimately fallen into the trap of internal competition within the laboratory

and failed to achieve true industry value.

DOI: 10.4236/wjet.2026.142028

495 World Journal of Engineering and Technology


https://doi.org/10.4236/wjet.2026.142028

M. R. Wang

6. Conclusions and Outlook

This article focuses on the core contradiction of the mutual isolation between
technology and art in the current development of smart textiles, and conducts
systematic theoretical research and case analysis from the professional perspective
of contemporary new material art. The core conclusions are as follows: First, the
core predicament in the current development of smart textiles is essentially the
mutual isolation of the research and development logic and the creative logic. Nei-
ther a single technological path nor a single artistic path can achieve long-term
high-quality development of the industry. Second, the “technological breakthrough
+ artistic empowerment” interdisciplinary collaborative path constructed in this
article clarifies the core logic of mutual empowerment and full-process collabora-
tion between technology and art. Third, through the comparative analysis of pos-
itive and negative cases, it is confirmed that only when technology and art are
deeply coordinated at the source of research and development can both the un-
derlying technological innovation and the in-depth construction of aesthetic value
be achieved simultaneously.

The limitations of this study mainly lie in two aspects: First, the interdiscipli-
nary collaborative path proposed in this study is based on the author’s interdisci-
plinary practical experience in other new material art fields such as engineering
living materials and functional microcapsules. This study mainly completed the-
oretical verification through industry benchmark cases and has not yet conducted
independent, full-process interdisciplinary empirical research in the field of smart
textiles. Second, the case analysis is mainly based on publicly traceable secondary
data and has not obtained first-hand data through in-depth interviews with the
project’s main creative teams. There is still room for deepening the analysis of the
details and barriers in the collaborative process. The subsequent research will
carry out two directions of work: First, to implement the collaborative path in the
independent interdisciplinary co-creation project of smart textiles and verify and
optimize the operability and universality of the path through empirical research.
Second, to obtain first-hand data through in-depth interviews and participatory
observation, and further deepen the research on the details of the implementation
of the collaborative path.

The future development of smart textiles must be the deep integration of textile
engineering and contemporary new material art. Only by breaking through the
core technical difficulties with engineering technology and defining the develop-
ment direction of technology with artistic innovative thinking can high-quality
development of smart textiles be achieved, which is both technically feasible, aes-
thetically valid, and conceptually profound, pioneering a brand-new development

pathway for this field.
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