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Welcome to the Cumulus Antwerp 2023  
conference proceedings! 
Since the beginning of our academic journey, a plaquette was 
solemnly hanging in the teacher’s lounge. proudly displaying 
Antwerp’s affiliation with the esteemed Cumulus Association 
since 2011. Back then, our aspirations were limited to schol-
arly pursuits, with our primary focus on advancing research 
through design as a promising scientific avenue. How times 
have changed! 

In the present era, we find ourselves grappling with a host 
of pressing issues that demand our attention. The looming 
climate crisis, coupled with global economic and political 
instability, escalating living costs, social injustices, and the 
prevalence of isolation, have collectively questioned the very 
essence and value of design and art. Our society is persis-
tently confronted with conflicts, contradictions, and an ev-
er-evolving perspective, shaped by the non-neutral influence 
of technology and organizations.

In the face of these challenges, however, we have the oppor-
tunity to nurture a more positive perspective. By recognizing 
the changing landscape, we can see it as an impetus for in-
novation and positive transformation. As designers and art-
ists, we have the unique ability to navigate this complexity, 
using our creative skills to address and mitigate problems. 
Through broader thinking and an inclusive approach, we can 
redefine the role of design and art and contribute to a more 
resilient, harmonious, and interconnected society.The Faculty 
of Design Sciences of the University of Antwerp, in close col-
laboration with the Royal Academy of Fine Arts, hosted the 
Cumulus three-day conference in Antwerp from April 12-15, 
2023. With a legacy of struggle, the city of Antwerp repre-
sents an economic and cultural hive of activity. The current 
situation, led to the definition of the overall theme of Cumu-
lus Antwerp: Connectivity and creativity in times of conflict. 
Concepts from avant-garde to conformism fashion, product 
design and new media have flourished in Antwerp. In this tra-
dition, we invited the Cumulus community, designers, artists, 
and educators to investigate how culture and creative indus-
try can offer resilience, consolation, and innovation models 
on human scale.  We believe that these proceedings will be a 
valuable resource for anyone interested in exploring how de-
sign and creativity can contribute to building a more sustain-
able, equitable, and connected world. It will act as a worthy 
addition to the plaquette we once found.

As a community of educators, researchers, and practitioners, 
the Cumulus Association envisions a world where creativity 
and design are instrumental in shaping a sustainable future. 
In this context, the four conference themes of Nature posi-
tive/Design for transformation, Digital futures/Hybrid reality, 
Handle with care/Inclusivity, and METHOD/ART align with the 
association’s vision, and address how design can impact and 
harness the power of connectivity and creativity to promote 
positive change. Each theme addressed how design and cre-
ative industries can offer resilience, consolation, and inno-
vative models on a human scale, and how our research and 
education in design can highlight novel directions.

The Nature Positive/Design for Transformation track at the 
Cumulus Conference presented thought-provoking ques-
tions on the role of design in the face of sustainability chal-
lenges. The programme included five workshops, visual pa-
pers, and posters. Eight themes were identified to guide the 
paper sessions, and keynote Leen Gorissen was invited to talk 
about Natural Intelligence (NI) – Towards Nature Positive De-
sign and bio-inspired innovation.

Design methodology and design education were two prom-
inent themes. Designers explored new approaches to ad-
dressing complex challenges and embraced transdiscipli-
nary collaboration. Design Materialisation explored the future 
of material selection, while Biophilic Approaches integrated 
living organisms into design processes. The Eco-Social Tran-
sitions theme connected systems thinking and co-creation 
with leadership and business. Fashion Innovations addressed 
sustainable design thinking, indigenous textiles and changing 
unsustainable lifestyles. The intersection of people-centred 
design and urban planning was explored in Urban Design and 
Citizen Inclusion, which highlighted the importance of sus-
tainable transport and meeting residents’ basic needs. The 
democratisation of design and the potential of digitisation 
were discussed in sessions on Do-it-Yourself studies and De-
sign & Digitisation, respectively. These sessions showed the 
transformative power of design in creating regenerative so-
cial paradigms.

Overall, the papers emphasised the need for nature-positive 
choices in design and highlighted the collective responsibility 
of designers as agents of change.  In this track, a best paper 
award was granted to Erminia D’Itria (Politecnico di Milano) 
for the article “Fashion design matter: the role of design in 
guiding a sustainable transformation in Europe”.
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Digital futures/Hybrid reality explored the intersection of 
design and technology. This theme discussed how we can 
use technology to create better designs and more immer-
sive experiences. We heard from experts in the field of vir-
tual and augmented reality, including the keynote of Guy Van 
Wymeersch from Barco, who reflected on Creative leader-
ship in innovation in a technology company and how to stay 
relevant in a faster-moving world. We also contrasted this 
with the talk of Professor Bert De Munck, who talked about 
the reinventions of craft: A historical view on the usefulness 
of craftsmanship. 

Generative AI systems such as ChatGPT and Dall-E have ush-
ered in a new era of fear and hope and redefined the role of 
designers. This transformation requires a critical mindset, 
innovative passion, and skills to turn digital capabilities into 
valuable tools. 

The intersection of craft and digital immersive technologies 
explored hybrid workflows and production processes for 
augmented textile artefacts and fashion-tech products. Re-
search by design publications addressed the integration of 
technology in music-making, enriched and accessible mu-
seums, and the role of technology in enhancing learning ex-
periences. Design for and with extended reality explored im-
mersive technologies, creativity, and materiality, offering new 
perspectives on ceramic creation and storytelling in virtual 
environments. Design for and with digital fabrication high-
lighted design methods and collaboration in additive manu-
facturing, looking at the impact of automation and new ma-
terials. Urban-scale digital analysed the relationship between 
technology and urban spaces, highlighting the need to rethink 
traditional urban planning and design for flexible and adapt-
able environments. Technology-driven design education in-
tegrated AI and virtual reality into design education, empha-
sising collaboration and the changing role of designers. Digital 
fashion examined sustainable fashion, the role of digital tech-
nology and the evolution of fashion in the metaverse, explor-
ing innovative shopping experiences and deconstructing 
materiality. In this track, a best paper award was granted to 
Diego Trujillo-Pisanty, Heriberto Olguin-Simon, Nicolás Spi-
talier-Tron, Paola Ferrari-Garcia, Jordi Fragoso-Terreros, Ale-
jandro Lobo-Barrera, Ximena Peña-Rios, Patricio Pous-Pier-
son, Fabiola Toledo-Galindo, Julio Torres-Cazares and 
Roberto Cabezas-Hernandez (CENTRO, Mexico City, Mexico) 
for the article “Metaphysical instruments: prototypes for hy-
brid and live music-making”.

Handle with Care/Inclusivity is a track linking Inclusive 
Design, Design for Health and Well-being and Cultural Her-
itage. The conference was kicked off with the keynote of 
Dirk Geldof, who positioned Antwerp as a superdiverse ma-
jority-minority city and expressed the importance of di-
verse-sensitive design. Scientific contributions addressed 
challenges related to care in design and care for cultural her-
itage, merging insights from different fields. ‘Care in design’ 
focused on bi- or omnidirectional interactions with atten-
tion to reciprocity between humans, non-humans, and tech-
nology. Design for/as communication explored the recipro-
cal connection between design and communication, using 
digital tools and design toolkits for sensitive issues. Design 
for Diverse Users examined the importance of gender and 

specific groups, aiming at more inclusive design processes 
and outcomes. The Care (full) spaces section analysed the 
role of the built environment from urban, architectural, and 
interior design perspectives. Co-creating care (full) designs 
involves involving end users, empowering unheard groups, 
and promoting (self-) acceptance. The section on ‘Caring 
for heritage and conservation’ took an integrated approach 
and explored how heritage can guide transformation and 
adaptation to global challenges. Inclusive Approaches to In-
tangible Cultural Heritage proposed design strategies to ac-
tivate heritage and promote diversity and inclusion. Sustain-
ing Traditional Crafts and Techniques focused on preserving 
cultural heritage objects and techniques. The Adaptation of 
the Built Environment component explored climate change 
and adaptive reuse. The Participation and Role of Communi-
ties section analysed digital solutions, participation in times 
of war and the role of communities in disasters. These sec-
tions provided insights and strategies to transform herit-
age in response to current and future global challenges. In 
this track, a best paper award was granted to Silje Alberthe 
Kamille Friis & Annegrete Mølhave (Royal Danish Academy, 
Denmark) for the article “Artful care for self and others in 
daily design practice”.

METHOD/ART explored the role of methodology in artistic 
practice and research, addressing how artists can use their 
unique perspectives to create innovative and impactful work. 
During crises, art processes emerge to address critical con-
ditions, from the collapse of local social systems to global 
ecological catastrophes. Overcoming old conventions and 
the illusion of control is essential in times of conflict and re-
quires new capacities for artistic engagement and co-action. 
Art (and design) has the capacity to absorb and reflect our 
value systems, making them powerful agents of transforma-
tion. We took the opportunity to congratulate the Royal Acad-
emy of Fine Arts Antwerp on their 360-year existence, and 
for their invaluable contribution to the creative landscape of 
the city.

Over the past days we have been fortunate to experience a 
truly enriching event, re-connecting and forging new ties with 
participants from all over the world. After a long period of ab-
sence due to the pandemic, the opportunity to network face-
to-face during this conference has proved hugely rewarding. 
The physical networking opportunities provided by the con-
ference will undoubtedly foster new collaborations and con-
nections. We hope that the ideas presented at the conference 
will continue to inspire, influence, and spark discussions and 
collaborations in the design community for years to come. 
Moreover, we hope that the ripple effect of this conference 
extends far beyond the immediate participants. As attend-
ees return to their respective communities, armed with new-
found inspiration and fresh perspectives, they themselves 
will become catalysts for change and progress. The insights 
gained and connections forged here will inevitably spread 
and spark discussions, collaborations and synergies that will 
enrich the design landscape on a global scale.

Warmest regards from the Cumulus Antwerp team, we look 
forward to continuing our creative journey together.
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The 2023 Cumulus conference in Antwerp at the Faculty of 
Design Sciences of the University of Antwerp, in close collab-
oration with the Royal Academy of Fine Arts, is the second 
conference in Belgium in the history of Cumulus and it is tak-
ing back our large community in presence in Europe after the 
global pandemic. The very large attendance from all over the 
world during the four days of the conference is well speaking 
about the strong need to get back to share design projects, 
research, and educational experiences in person. The city of 
Antwerp was a perfect place to host the large global commu-
nity of Cumulus, while standing as an economic and cultural 
center, where have been flourishing creativity and design for 
the development of the sectors of fashion, product design, 
and new media. 

The topic selected by the co-Chairs Inge Bertels, Kristof Vaes, 
and Jouke Verlinden is revolving around the concept of con-
nectivity and creativity in times of conflict, which is a very 
current topic challenging designers, artists, educators to dis-
cuss and explore on how culture and creative industry are of-
fering clear solutions for resilience and innovation models on 
human scale, crossing the three sub-topics of sustainability, 
digital futures, and inclusivity.

While producing large number of paper presentations, panels, 
keynotes, PhD networking and working groups, the confer-
ence was developed around four track topics, raising four di-
chotomies: Nature positive/Design for transformation, Digital 
futures/Hybrid reality, Handle with care/Inclusivity, and Meth-
od/Art. 

As a final result, the volume of the conference proceedings 
is sending a clear message to the large global design com-
munity to work and give a positive answer to the challenges 
of our present and future society. The design action is always 
impacting the society and the environment with creative 
solutions, since it deals with local and global emergencies. 
Aspects such as complexity and plurality, uncertainty and 
nonlinearity, or reciprocity, force every designer to a new re-
sponsibility to the “other”, be it a person, an animal, vegetable, 
or artifact. Consequently, the design action is always a prob-
lematic and multidimensional action, that is answering to 
new questions in creative ways, often related to the techno-
logical acceleration and the social development: the environ-
ment and the ecology, justice and social equity, globalization 
and local cultures, new technologies and scientific research, 

new forms of biological and artificial life and the responsibili-
ty towards future generations.
While exploring new approaches and addressing complex 
challenges through transdisciplinary collaboration, the con-
ference addressed the notion of network, which is including 
openness, inclusivity, intelligence, evolution, innovation, so-
ciability, creativity, development, so highlighting how it is im-
portant for the designers to adopt collaborative approaches 
to design. 

Additionally, the notion of network is encompassing the mis-
sion of Cumulus Association to provide a global platform to 
encounter worldwide and to share knowledge: spanning all 
five continents and bringing together more than 350 mem-
bers across different art, design and media educational in-
stitutions, Cumulus is a diverse global family, bound together 
by a multiplicity of experiences and perspectives, while fos-
tering collaboration for creative solutions towards sustaina-
bility, equity and innovation. Since design is growing global-
ly and becoming a large complex eco-system, it is essential 
for designers and educators to understand, and at the same 
time, to be connected to the proliferating global networks, so 
that they can develop new forms collaboration, and reach all 
those places in the world where research and innovation are 
moving in the direction of new scenarios for design.

While responding to the current and future challenges for 
design, the 2023 Cumulus conference at the University of 
Antwerp was reflecting and giving voice to such diverse and 
plural environment, so respecting the emerging differences 
and nurturing the values of plurality, global engagement, and 
open dialogue, at the same time generating a welcoming and 
friendly environment for innovation and a joyful experience 
for our members.

In the following pages of this volume, you will find part of the 
memories of such rich experience. The rest is staying in the 
mind, the soul and the actions of the people attending in Ant-
werp from all over the world, who will keep networking and 
collaborating after they are back, so extending the outcomes 
to the rest of our community even after the conference.

IX



CONNECTIVITY 
and CREATIVITY 
in times of CONFLICT

Track 2
Digital futures/ 

hybrid reality



CONNECTIVITY 
and CREATIVITY 
in times of CONFLICT

Digital futures/Hybrid reality

Jouke Verlinden1, Kristof Timmerman2, Steinar Killi3, Stefano Maffei4, Massimo Bianchini4,  
Lukas Van Campenhout1, Piraye Hacigüzeller5, Zjenja Doubrovski6

1Product development, Faculty of design sciences, university of Antwerp
2MaxLab, Academy of fine arts Antwerp
3Oslo school of architecture and design

4Polifactory, Faculty of design, politecnico di Milano
5Arches, Faculty of design sciences, university of Antwerp

6Faculty of industrial design engineering, Delft university of technology 

Introduction
‘The danger isn’t that AI destroys us.  
It’s that it drives us insane’

— Jaron Lanier (Hattenstone, 2023)

While our preparations were running, generative AI systems 
such as ChatGPT and Dall-E suddenly headlined and un-
derlined a new era of fear and hope. As the quote above of 
a prevalent virtual reality pioneer underlines, this requires a 
critical mindset with a passion for innovation. The Metaverse, 
3D printing, artificial intelligence, and similar phenomena are 
re-shaping the role of the designer: a novel skillset and atti-
tude is required to convert these digital capabilities into val-
uable tools and methods as once eluded by Engelbart (1962) 
and Reikimoto (2014). This incorporates defining types of 
cyber-physical or augmented craftmanship, not forgetting 
about sustainability, social inclusion, and aesthetics. Fur-
thermore, how can we ensure that the human (both collec-
tive and individual) stays in the driver seat, while political 
and economic agendas complicate a true human-centered 
design in times of industry 4.0, algorithms, distributed data, 
fuzzy intellectual property, and so forth. 

For this track we received over 167 proposals that, after a dou-
ble-blind review, resulted in 37 high-quality papers and 11 post-
ers. These contributions go beyond the technical, to envision 
the capabilities of software/hardware as a meta-medium, with 
specific applications for the creative industry, and to frame the 
educational/ethical challenges in case studies and reflections. 

The section new crafts and craftspeople, revolves around 
the intersection of craft and digital immersive technologies, 
exploring hybrid workflows and production processes for cre-
ating augmented textile artefacts and fashion-tech products. 
The papers discuss learning experiences and experiments in 
digital fabrication, as well as the design of hybrid workflows 
and business models to engage with Industry 4.0 technologies 
in craft production.

Research through design in the cyber-physical era deals 
addresses the integration of technology with music-making 
and human-computer interaction in designerly ways, exploring 
physical interactions and sensory experiences in the design of 

digital products, and rethinking traditional paradigms of disa-
bility and the body in relation to technology.

The section entitled redefining the role of designers, ex-
plores the intersection of computational thinking, design, and 
fabrication in creating augmented and accessible museums. 
The papers cover a range of topics such as co-creating 3D 
materials with synesthetic AI, speculating futures in an age 
of nostalgia, and the use of cabinets of curiosities to explore 
collections and tokens in the postcolonial context. The papers 
highlight the potential for technology to enhance the museum 
experience and promote inclusivity, while also addressing the 
challenges and complexities of curating collections and repre-
senting diverse histories.

The section usability and performance of innovations ad-
dresses the importance of evaluating and asessing new de-
signs, with an increasing role of technology in enhancing learn-
ing, work, and shopping experiences. 

Design for and with extended reality focuses on the in-
tersection of immersive technologies, creativity, and materi-
ality. This includes applications such as virtual reality and the 
metaverse, for creative expression and communication. The 
papers explore how these technologies can be used to assist 
in ceramic creation, stimulate storytelling and communica-
tion competencies, and introduce the concept of material ex-
perience in virtual environments. Additionally, the theme also 
touches upon the purpose of furniture in the metaverse. 

The section design for and with digital fabrication pro-
vides new insights towards design methods and techniques in 
the field of additive manufacturing (AM). The papers also high-
light the importance of knowledge transfer and collaboration 
in advancing the commercialisation of AM. Additionally, there 
is a focus on the use of new materials and technologies in the 
design process, such as electronic textiles and circular design 
materials. Finally, the papers address the impact of automation 
and technology on traditional craft practices.

The digital on an urban scale covers exploration and de-
sign of urban spaces in the context of technological advance-
ments, particularly in the realm of smart cities and extended 
reality. They examine the relationship between technology and 
urban environments, exploring concepts such as data acti-
vation, engagement, and the use of 5G technology to create 
smart product-service systems. The papers also address the 
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need to rethink traditional notions of urban planning and de-
sign, to create more flexible and adaptable urban spaces that 
can respond to the changing needs of communities.

The section technology-driven design education covers 
new insights in the integration of technology into design ed-
ucation, specifically AI and virtual reality, as well as the need 
for collaboration and interaction in the design process. The pa-
pers also touch on the evolving role of designers in a technolo-
gy-driven world.

Finally, the common themes of the section digital fashion 
are sustainable fashion, the use of digital technology in fash-
ion, and the evolution of fashion into the virtual space of the 
metaverse. The papers explore the potential of digital twins, 

media technologies, NFTs, and direct-to-avatar retail experi-
ences to improve sustainability, design knowledge, and cus-
tomer engagement in fashion. They also discuss the challenges 
and opportunities of deconstructing materiality in fashion and 
creating new forms of value and expression in the metaverse.

Apart from these academic papers, we hosted workshops, 
posters, and this time also a curated collection of lecture/
performances featuring cyber-physical artworks. We Thank 
the authors and reviewers for their hard work and hope that 
this set offers a new chapter to Cumulus, to provide a guide 
to move from traditional design and heritage to critical inte-
gration and convergence. 
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Abstract 
The European fashion craftsmanship sector is renowned 
worldwide for its excellence and competitive value in produc-
ing tangible and intangible cultural heritage (ICH) in creative 
practices and material artifacts. However, the competition of 
mass production at lower costs and the increasing jobs dig-
italization threatens the survival of fashion craftsmanship 
knowledge. In this context, Industry 4.0 (I4.0) technologies 
could become a trigger to transform fashion craftsmanship 
by hybridizing workflows via new tools, gestures, and crea-
tive acts. Due to a technological and socio-cultural divide be-
tween the old and future generations of fashion craftspeople, 
new educational models are necessary to update the skills 
and imagination of future fashion professionals towards the 
revival of crafts ICH while accounting for holistic multidimen-
sional sustainability. Therefore, the paper presents an inter-
disciplinary challenge-based learning experience conducted 
at Politecnico di Milano and University of Borås, combining a 
design and business management methodological approach 
to deliver Fashion-Tech proofs of concepts (covering prod-
uct, service, process, and business model innovations). De-
livered proofs of concepts demonstrate the potential of I4.0 
technologies to preserve cultural diversity and local heritage, 
improve multiple dimensions of sustainability, and empower 
creativity and connectivity between different stakeholders. 
New products, services, processes, and business ecosystems 
of hybrid fashion craftsmanship can contribute to interdis-
ciplinary learning spaces where different users/stakeholders 
connect and engage in co-creation and co-learning activities. 
Besides, the developed educational model can be applied to 
training fashion craftspeople 4.0.  

Author keywords
digital design; digital fabrication; fashion craftsmanship 4.0; 
education for Fashion-Tech; sustainability. 

Introduction
The technological and socio-cultural divide between old and 
future fashion craftspeople is nowadays impacting the lack 
of generational turnover and the preservation of intangi-

ble cultural heritage (ICH) in the Italian and European fash-
ion craft sectors. The meaningful application of Industry 4.0 
(I4.0) technologies via new educational models could bridge 
this gap by enabling digital literacy, the connection of stake-
holders, and the pursuit of environmental, political, cultural, 
and socio-economic sustainability. The paper presents the 
results of an interdisciplinary learning experience and dis-
cusses the implications of training future professionals in the 
hybrid (i.e., analogue/digital) fashion craftsmanship sector, 
focusing on creativity and collaboration.

Literature review

Traditional and future fashion craftsmanship  
at risk of extinction
The European fashion craftsmanship sector is recognized 
for its quality, creativity, and competitive economic value in 
producing cultural content embedded into creative practices 
and material products. European (e.g., Italy, France, Germa-
ny, Spain, Portugal) fashion micro-enterprises of craft-based 
high-end personal goods (e.g., textile and clothing, jewellery, 
eyewear, and leather goods accessories) represent 74% of 
the global value of these products (EC, 2023a). In particu-
lar, the EU textile and clothing craft sector employs 1.5 mil-
lion people and produces a turnover of €147 billion (Eurat-
ex, 2022); meanwhile, about 36K enterprises generating a 
turnover of €48 billion and employing around 435K people 
produce leather crafts (EC, 2023c). Fashion craftspeople 
inherit and preserve the knowledge, expertise, and skills of 
crafting unique and excellent artefacts as Intangible Cultur-
al Heritage (ICH), being custodians of traditional expertise 
situated in specific territories and communities (UNESCO, 
2003). However, the competition of global mass production 
at lower costs, the delocalization of manufacturing to places 
with cheaper hand labour, and the spreading digitalization are 
forecasted to cause a shortage of traditional fashion and tex-
tile artisanal experts across the operational, technical, man-
agerial, creative and scientific sectors (ETP, 2016). Passing 
the tacit artisanal knowledge through the familiar entourage 
and on-the-job learning practices inside workshops further 
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reduces the number of available expert craftspeople in the 
fashion sector. For example, in 2013, Confartigianato Imprese 
predicted an unexpected death of Italian craft entrepreneurs, 
specifically in the sector of design, fashion, and personal 
luxury items (e.g., leather, footwear, clothing, and jewellery), 
thus impacting the decrease of ‘Made in Italy’ economy by 
9.1% (Bonfanti et al., 2015). Since the fashion craftsmanship 
sector is a significant asset for economic, cultural, social, and 
environmental sustainability, the European Commission pri-
marily focuses on revitalizing European urban and rural areas 
by nearshoring the craftsmanship processes toward a fea-
sible and resilient governance of a post-emergency society 
(EC, 2023b).

Exploiting digital technologies toward fashion 
craftsmanship 4.0 
To stay competitive against mass globalization and produc-
tion, small and local artisanal enterprises could exploit I4.0 
technologies to develop highly customized products through 
on-demand production at fair and competitive prices on the 
market, while increasing product uniqueness and quality. 
In addition, they can become a trigger for encouraging new 
generations of artisans’ to produce new crafts through new 
workflows aided by I4.0 technologies, thus hybridizing tradi-
tional practices towards a systemic paradigm change in the 
fashion ecosystem (McCullough, 2015; Bertola and Teunisen, 
2018). I4.0 technologies could also help digitize traditional 
fashion crafts gestures and processes, translating the intan-
gible fashion knowledge into teaching materials to incentiv-
ize mutual learning between humans and technologies, thus 
nurturing the future generation of fashion professionals in 
old craft sectors (Casciani and Vandi, 2022). Besides, studies 
demonstrate that I4.0 technologies define new relationships 
between artisans and technologies, particularly in assisting 
or augmenting daily manufacturing tasks toward operators’ 
health, well-being, and safety (Burden, Donovan, Caldwell, 
Teixeira, 2022). However, the digital transformation in Ital-
ian fashion crafts enterprises is still far from a mature reach, 
with 9.5% in the eyewear sector, 5.8% in jewellery, 14.2% in 
the clothing and apparel sector, 8.4% in textile, 1.6% in foot-
wear (Digital Manufacturing Lab, 2018). The main constraints 
for this limited adoption from Italian and European fashion 
crafts enterprises are the inadequate knowledge about I4.0 
technologies’ opportunities which is related to a different 
business strategy and culture of the enterprise, the lack of 
internal/external competences, constrained financial re-
sources, and the difficulty in identifying the right partner to 
drive the digital transition (Digital Manufacturing Lab, 2018; 
Kusters et al., 2017). Adopting I4.0 technologies represents 
a complex challenge for the present craftspeople with lim-
ited digital skills across engineering, design, and business 
management domains (Jimeno-Morenilla et al., 2021). The 
advantages of embracing digital technologies in fashion 
craft-based workflows rely on boosting products’ quality and 
exclusivity, improving working conditions, increasing produc-
tivity and efficiency, and reaching sustainability. From a cul-
tural perspective, digital technologies could help revive the 
crafts communities and maintain cultural diversity and local 
identity (Brown and Vacca, 2022). Despite this, craftspeople 
face sociocultural barriers toward I4.0 technologies in terms 
of expectations, reluctance to use, perceived lower quality of 
implemented crafting processes, and fear of the complete 

automation of work towards the disappearance of artisanal 
practices and job loss (Mosca and La Rosa, 2019). 

Training future fashion hybrid craftspeople
The shortage of craftspeople and associated skills and knowl-
edge in the fashion sector is expected by 2030 (ETP 2022) 
due to a huge turnover of employees after the retirement 
of highly specialized artisans. Besides, fashion craftspeople 
face the challenge of adapting their workflows to respond to 
the green and digital economy transition, with the conflicting 
demand of focusing on retaining existing competencies, and 
attracting new talents (ETP, 2022). Hand-based craftsman-
ship has lost its attractiveness and safety with a consequent 
decrease in interest by a younger generation of profession-
als. However, research has forecasted a future scenario of 
fashion industries in 2030 focused on the Renaissance of the 
Crafts regarding production, employment, required skills, and 
competences (Skills 4 Smart TCLF Industries 2030, 2022). 

The intergenerational technological and socio-cultural gap 
between old and new fashion craftspeople should be mitigat-
ed to preserve and transmit the fashion craftsmanship ICH 
through digital literacy provision to the older generation of arti-
sans, meanwhile incentivizing the interest of the younger gen-
eration to hand-based craftsmanship hybridized with the use 
of I4.0 technologies. New educational models aim to achieve 
the aforementioned objective and to drive the digital transfor-
mation and sustainability of the European fashion eco-system, 
preserving both specialised traditional skills while advancing 
the new ones relevant to the digital evolution of the sector 
(Bertola and Vandi, 2021; Digital Education Action Plan (2021-
2027), 2021; Unesco, 2017). Besides, new educational mod-
els should also foster the encounter of traditional and future 
craftspeople, supporting collaboration and peer-to-peer learn-
ing and education. In this direction, a series of piloted learning 
experiences (LE) have already suggested that innovative proof 
of concepts of sustainable Fashion-Tech solutions could be 
enhanced by the use of a challenge-based learning (CBL) ap-
proach, by combining design and business model perspectives  
(Casciani et. al, 2020; Casciani and Colombi, 2022; Ma, 2022;). 
In the CBL approach, students face real-life and multidimen-
sional problems involving social, cultural, economic, techno-
logical, and environmental dimensions and are encouraged to 
formulate their solution by collaborating with different stake-
holders involved/affected by the process or solution, thus al-
lowing the connection between students, teaching staff, pro-
fessionals, technologists, researchers, and artisans (Nichols 
and Cator, 2009; Nichols et al. 2016). Due to the complexity 
of the real-world challenges, the CBL approach supports the 
connection of knowledge among different disciplines, result-
ing in sharing common glossaries, and perspectives toward the 
synergistic integration and modification of disciplinary contri-
butions. Hence, education is crucial to maintain, and valorise 
fashion craftsmanship ICH by cultivating and nurturing future 
fashion professionals that combine digital skills while preserv-
ing the traditional material and manufacturing competences. 

Methodology 
The paper presents an international and interdisciplinary LE 
conducted by Politecnico di Milano and University of Borås 
collaborating to train the hybrid fashion professionals of the 
future with soft skills, technical/digital, and subject-specif-
ic skills while boosting integration between the human, so-
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cio-cultural, and economic perspectives. The LE focused on 
the implementation of the more operative I4.0 technologies 
such as 3D printing (3DP), 3D scanning (3DS), laser cutting 
(LC), collaborative robotics (CR), virtual and augmented re-
ality (VR/AR) in the design of new craft products/systems 
of products, new hybrid digital crafting processes, and new 
business models that also account for a multidimensional 
perspective of sustainability. By coupling design-driven and 
business management innovation perspectives inside an 
interdisciplinary action-oriented pedagogical approach, we 
aimed to encourage a positive and culturally meaningful par-
adigmatic shift, bringing students closer to crafts and craft-
speople and preserving and enhancing traditional practices 
through digital transformation. The combination of design 
and business model innovation education is crucial to sup-
port the possibility of achieving a real and fruitful digital tran-
sition in the fashion craftsmanship sector (Jin & Shin, 2021). 
Focusing on the comparison between pre- and post-course 
skills self-assessments, derived from the answers from the 
questionnaire and by the analysis of the LE results such as 
proof of concepts and group project reports, the paper aims 
to discuss the impact of the piloted educational models for 
the fashion crafts’ digital transformation towards sustaina-
bility. In particular, this study intends sustainability as a holis-
tic multidimensional concept entailing environmental, eco-
nomic, social, and cultural dimensions (Fletcher, 2014; UCLG, 
2010; British Council, 2020).  

LE design: developing collaboration,  
toolkit, and educational methodology  

Growing interdisciplinary  
Fashion-Tech partnerships
The LE has been offered to 21 international and interdiscipli-
nary students (76% female, 19% male, 5% non-binary gen-
der) from graphic design (5%), product design (21%), fashion 
design (52%), architecture and landscape (10.5%), and busi-
ness management (10.5%). They worked in 5 interdisciplinary 
groups mentored by 2 academic researchers/teaching staff 
from the involved Universities and 2 professional tutors from 
a Fashion-Tech start-up focusing on digital transformation, 
and non-standard fabrication technologies (Materea). The 
company participated actively in the LE design, delivered 
technology-focused lectures as expert trainers, and men-
tored students during the CBL phase. Students were asked to 
select one between five different applications of the fashion 
craftsmanship sectors (jewellery, textile and clothing, small 
and medium accessories in leather, footwear, and eyewear) 
since these sectors are at the forefront of Italian fashion 
craftsmanship (Bonfanti et al. 2015). Students were expect-
ed to focus on specific historical craftsmanship expertise 
and techniques with no geographical boundaries. However, 
being asked to include the craftspeople of the selected appli-
cations in the research and design processes, many focused 
on the Italian geographical context because most students 
were based in Italy. However, the LE allowed for a broader ge-
ographical scope/context to account for international stu-
dents’ interests and competences. In particular, some stu-
dents focused on fashion craftsmanship in the Far East and 
Asia. Students have developed solutions such as low-fidelity 
prototypes, visualizations of workflows, and mock-ups of 
designed solutions, tools, and software. These outputs were 

shown to the stakeholders to test and provide a reality-check 
of the proposed proofs of concepts (PoC). Craftspeople were 
surveyed (7) and interviewed/observed (11) during their ac-
tivities and were confronted with the hybridized crafted pro-
cesses. Targeted final consumers were interviewed (12) and 
surveyed (78) to define needs and feedback in relation to the 
proposed hybridized crafted solutions.

Setting connected learning workspaces  
The LE was delivered through 13 digital lectures divided into 
an initial theoretical part (DISCOVER), providing basic knowl-
edge on design, methodology, engineering, and business 
management topics, and followed by a CBL part (DESIGN). It 
was aided by a system of educational tools providing an indi-
vidual personalised learning path, such as Fashion-Tech Open 
Educational Resources (OER, 2022), and digital collaborative 
visual boards structured on MIRO to aid the communication, 
interdisciplinary exchange, collaboration on design activities 
and project management, toward a sharing of disciplinary 
glossary and methodologies, and asynchronous and synchro-
nous interactions. OERs were focused on levelling the knowl-
edge for students of different backgrounds to easily drive the 
CBL. Collaborative visual spaces were useful to both set up 
the activities, control the progress through the course time-
line, and set a fruitful partnership between the instructors 
and learners as co-researchers/designers of the solutions 
during mentoring activities. 

Joining design and business-driven innovation 
methods toward sustainability
To conduct a digital LE, a user-centred design approach com-
bined with principles of design for sustainability/circularity 
and sustainable/circular business model (BM) innovation 
perspective was decided (Fig.1). User research aimed to un-
derstand craftspeople workflow, activities, tools, materials, 
needs, and challenges in integrating I4.0 technologies. This 
was complemented with final customer research to delimit 
main market segments for hybrid fashion craft. In addition, 
students focused on sustainability strategy, starting from the 
project groups’ vision, mission, and core sustainability values 
formulation and then connecting it to specific Sustainable 
Development Goals (SDGs). Subsequently, the hybrid sys-
tems of product, process, and business model concept ideas 
were conceived, integrating research of available digital tech-
nologies adaptable in the fashion craft sector. Simultaneously 
running the product, process, and business model conceptu-
alization stages aimed to facilitate the systemic interdiscipli-
nary approach toward sustainability within the project teams. 
According to students’ reports and evaluations, this allowed 
for a number of iterations and simultaneous adjustments 
of ideas that were detailed and visualized with low-fidelity 
mock-ups to be tested and validated with users (artisans + 
customers), thus providing a further design iteration (Fig.1).

LE results: hybridizing fashion craftsmanship 
practice through education 

Hybridizing crafts system of products, processes, 
services, and business models
Implementing I4.0 technologies in students’ solutions of hybrid 
systems of products, services, processes, and business mod-
els influenced the redefinition of fashion design, production, 
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and consumption logic by challenging existing unsustainable 
models while attempting to preserve fashion craft ICH (Fig.2). 

Students have developed 5 proof of concepts (PoCs) focus-
ing on purely hand-based craft sectors (e.g., jacquard cro-
cheting, stringing beads, hat weaving) and hybrid sectors al-
ready using technologies in some parts of the manufacturing 
processes (e.g., eyeglasses and dress shoemaking). In the lat-
ter, they focused on niche artisanal products, still very tradi-
tional and based on manual workflows. 

PoC1 aims to preserve the jacquard crochet legacy by cus-
tomizing the design of bags and small accessories, empow-
ering international artisans with digital technologies to para-
metrize the design phases and augmented tools with sensors 
that amplify and extend their gestures. An online configurator 
allows product customization, and direct connection between 
artisans and customers, aiming to promote awareness of the 
crafts’ tradition amongst the general public. PoC2 develops 
personalized advanced modular and long-lasting Italian dress 
shoes, augmenting traditional workflows of perfect fit and 
personalization with 3D scanning and Virtual Reality (VR) try-
on technologies on a digital online configurator. The repetitive 
and cyclical activities of material cutting are aided through 
3D printing and laser cutting, while the assembly is through 
collaborative robots. PoC3 develops 3D-printed interlocking 
beads made from recycled filaments, improving the efficien-

cy and operability of international craftspeople during the 
beads stringing process, while allowing beads customization 
via simplified parametric digital configurator and VR try-on. 
PoC4 focuses on customized headwear weaving, combining 
the precision and speed of laser cutting with the uniqueness 
of traditional Vietnamese crafts techniques, thus promoting 
local economic development and customer personalization 
via head scanning and an online configurator. PoC5 creates a 
digital platform to connect a network of artisans able to offer 
sustainable and fully traceable glasses made of recyclable ma-
terials, thus offering a service of disassembly, repair and reno-
vation throughout Italy, to extend the life cycle of glasses while 
allowing a customized artisanal work through face scanning, 
digital design, and fabrication. 

Similar solutions are already present in the activities of 
researchers and design practitioners working on creative ex-
perimentation and co-creative practices, investigating the 
interaction between humans and robots (Ugur, 2020; Per-
formative robotic micro-factories, 2021), humans and dig-
ital fabrication (Pistofidou & Olmos, 2019; Morpurgo, 2017) 
to design hybrid crafts workflows and new solutions. Several 
examples exist in using online configurators for on-demand 
design and purchase of fashion products (Nervous Systems, 
2023; Nike by you, 2023) and craftspeople networking plat-
forms (Italian Artisan, 2023) strenghtening alliances to bet-
ter reach the market. Interesting processes and solutions for 
highly manual-based craft sectors such as knitting (Rosner 
& Ryokai, 2010), crocheting (Smith et al. 2015), embroider-
ing (Flanagan & Fraietta, 2019), and beading (Nicholas et al. 
2022) have already explored the possibilities of using I4.0 
technologies for detecting, archiving, and teaching traditional 
crafts expertise, meanwhile creating more accessible data to 
be passed to future professionals.

Embedding multidimensional values  
of BM innovation and sustainability
Interweaving traditional artisanal processes with technolo-
gies toward multidimensional sustainability dimensions, the 
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Figure 1. LE workflow from research to project delivery, blending design,  
and BM education

Figure 2. Hybrid sustainable fashion-tech solutions PoCs
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solutions encompass different types of value creation: (i) 
emotional values via increased transparency and storytelling 
about craft processes, products, and artisans themselves; (ii) 
cultural value of preserving and spreading the craft ICH; (iii) 
sustainability/circularity improvements extending product 
use, and offering repair and recycling services; (iv) increased 
efficiency, visibility and thus competitiveness of small arti-
sans and their products/services in the mainstream fashion 
market; (v) customization/self-expression opportunities for 
to final customers’ engaged in co-creation with artisans/de-
signers; (vi) connectivity enabled by technological tools. To 
monetize the developed hybrid craft solutions, the suggested 
business models focus on combining products and market 
portfolio models (e.g., different customized product offer-
ings target different market segments) while aiming to slow 
resource use and close material loops. These models are ac-
knowledged as part of the digital transformation of creative 
industries (Feng 2020). Traditional revenue streams based 
on product sales are complemented by customization, repair, 
and after-sales support services, whereas one of the sug-

gested business models is subscription-based. More details 
on the BM typology of PoCs are presented in Figure 3.

Encoding hybrid crafts workflows in  
new workshops through augmented tools
All projects configured new sustainable and hybrid manu-
facturing workflows reflected in the design of customised 
digital software, augmented tools and hardware, work-
benches, and spaces to conduct and streamline hybrid 
crafts activities, representing the affinity between crafts-
people and their work environment/material organisation 
(Oxman, 2007). They supported the design, manufacturing, 
selling, and repairing phases, establishing a good encoun-
ter and negotiation between hand and digital dematerial-
ized activities. The proposed tangible tools augmented with 
technologies were designed to offer the artisans function-
al performances, strengthening manufacturing activities 
in terms of dexterity, process simplification, and gestural 
digitalization to record crafts activities and encode them 
to assist craft planning and training. Tools ranged from the 

Figure 3. Business models typology of PoCs
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smallest integration of sensors and actuators in augmented 
hooks for enhanced jacquard crocheting (PoC1) to the cus-
tomization of CR hand-effectors for aiding cyclic assembly 
and cleaning stages (PoC2). Almost all PoCs equipped the 
artisans with customised digital parametric software with 
more intuitive interfaces to simplify artisan-computer inter-
actions. The software is aimed to streamline digital 3D mod-
elling toward digital fabrication (PoC3), develop and engineer 
made-to-measure craft productions, create networking 
platforms among artisans in the same sector (PoC4), and aid 
the configuration of customised craft artefacts by the final 
consumer. An example of traditional and hybrid workflows, 
workbenches, and designed solutions is reported in Figure 4. 
Both digital tools and software were designed to be connect-
ed in real-time, aiding both hybrid craft practices and on-de-
mand retail channels, allowing streamlined automation from 
the design to the crafting of products, thus contributing to 
the empowerment of craftspeople overproduction. 

Connecting stakeholders  
in the hybrid fashion crafts 
Almost all the developed PoC aimed to shorten the distance 
between stakeholders. Thanks to co-design practices al-
lowed by digital configurators, final customers can access 
fashion ICH, by watching the workflow progresses of hybrid 
crafting of their customised products, thus unveiling the 
complexity, meaning, uniqueness, and beauty of fashion 
crafts. Therefore, digital technologies enhance the emotional 
values of craft products, promoting long-lasting connections 
between users and products, thus contributing to more re-
sponsible consumption practices, including extended prod-
uct use, repair, and recycling. From the artisans’ perspective, 
all PoCs aim to link them with the global fashion markets by 
preserving their local communities and ICH.

Evolving from multidisciplinary  
to interdisciplinary skillsets
Students ranked soft skills acquired during the course as 
3.75 (based on the Likert scale of 1-5) with particular appre-
ciation of creativity and innovation, collaboration/teamwork, 
problem-solving, and critical thinking based on sustainabili-
ty and interdisciplinarity considerations. They rated 4 and 
above subject-specific skills: fashion-tech design process 
and methodology, user-centred research, craftsmanship 
digitalization, and sustainability-oriented business model 
development. According to students’ evaluation, mentoring 
activities provided: directive guidelines on how to improve 
the solutions (75%), inspiration and motivation to identify 
creative solutions (16.7%), contribution to joint co-produc-
tion of knowledge/ideas in the group projects (33.3%), space 
for critically and independently reflecting on what improve-
ments are needed (41.6%). Based on students’ reflections in 
group reports, the focus on the design-driven approach com-
plemented by business model thinking toward hybrid crafts 
innovation was perceived as challenging but beneficial. The 
business model innovation approach allowed the develop-
ment of a critical stance on the economic viability of hybrid 
design of fashion crafts, enabling students reflection on how 
to attractively frame the value proposition, develop possible 
revenue streams and consider important partners/collabora-
tions for intended value creation. 

Conclusions
By demonstrating new educational models based on inter-
disciplinary, CBL, and systemic approaches (Bertola and Te-
unissen, 2018; Pal, 2017), this paper argues that education is 
a crucial lever to help fashion craftsmanship to stay compet-
itive on the market and preserve its tangible and intangible 
cultural heritage while promoting sustainability and circular-
ity. Higher education Institutions (HEIs) can drive new learn-

Figure 4. Example of comparison of traditional / hybrid digital workflows and workbench / tools.  
PoC3 Blissful beads courtesy of Bachmann B., Xuan G., Lombardi B., Melodia E., Wang B. 
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ing experiences based on complementary employment of 
design, and BM approaches, facilitating industry/multi-stake-
holder collaboration and educating future fashion profes-
sionals to drive the digital transition towards sustainable hy-
brid fashion craft solutions.  

CBL approach empowers the creation of networks of stake-
holders involved/affected by the designed solutions, bridging 
and bonding the actual craftspeople with the new generation 
of hybrid fashion professionals across design, technology, and 
business domains. However, it is crucial to enable stakehold-
ers’ involvement at the early stage of research and design for 
early validations and iterations. According to recent literature, 
students should develop communication and negotiation skills 
through visualisations and low-fidelity prototypes to enhance 
the engagement of the involved stakeholders and craftspeople 
throughout the process (Mayer et al., 2022).

As demonstrated by delivered PoCs, I4.0 technologies in-
tegration in craft workflows offers opportunities for co-de-
signing, co-crafting, and co-learning activities between arti-
sans-students, artisan-technologies, and artisans-customers. 
If I4.0 technologies were used to make the craft knowledge 
transfer more engaging, traditional craftspeople still retain 
fear and doubts about the security of collected gestural data 
meanwhile crafting (Muller, 2019). Additional reflections on the 
role of artisans, designers, and computers/machines/robots 
gaining agency in crafting products are thus necessary to un-
derstand the evolution of creative leadership (Stevens, 2020). 

The possibilities of exploring interwoven human-machine 
systems offered by the presented LE have nurtured students’ 
inspirations and skills to design craft artefacts with more com-
plex geometries and augmented precision, while improving its 
uniqueness through the design of pre-determined configur-
able parameters, thus impacting aesthetic languages and the 
hyper-customization of the output (Fig. 4). Provided with de-
sign and business joint training, students have gathered an un-
derstanding of traditional craft workflows, skills, and ICH, and 
proposed purposeful integration of technologies to increase 
the entanglement of traditional and digital crafts processes 
towards the future competitive and sustainable hybrid fashion 
craftsmanship sector. 

However, the limitations of this kind of LE are related to the 
limited time to improve and develop high-fidelity prototypes 
to be tested iteratively with both fashion-tech professionals 
and traditional craftspeople inside their workshops. There-
fore, a follow-up of this LE could be developing a residency 
model where students could develop functional prototypes 
and test them directly through on-field study research, and 
learning-by-doing activities. This Residency approach could 
amplify, extend and strengthen the implications of digital 
technologies in transforming fashion craft professional skills 
while retaining ICH, and in the change of creative processes, 
workflows, and tools toward more sustainable and meaning-
ful fashion solutions.
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This book contains academic papers and posters of the 

Cumulus Antwerp conference, held in Antwerp on  

12-15 April 2023. The Cumulus community, designers, 

artists, and educators were invited to submit contributions 

on how culture and creative industry can offer resilience, 

consolation, and innovation models on human scale, in line 

with the conference theme ‘Connectivity and Creativity  

in times of Conflict’.

The contributions were double blind reviewed in the tracks 

1) Nature positive/Design for transformation, 

2) Digital futures/Hybrid reality, 

3) Handle with care/Inclusivity, and 

4) PhD network. 

Editors: Kristof Vaes & Jouke Verlinden




