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This practice-based research investigates body-oriented parametric design. It proposes the adaptation of ‘parametric thinking’ (parametric thinking 2.0) 

to offer new understandings of 3D printing (3DP) for fashion and textile innovations. The adjective parametric is a term used in this research to: 1) digitally 

express mathematical approaches, such as parametric modelling and parametric tools (1.3), which enable a wide range of design options (often similar 

and relational) to be generated by changing the variables of a computational definition/algorithm; 2) describe a new oppositional, relational way of thinking – 

parametric thinking (1.3, 3.3.2, 5.5.5), to correlate the independent parameters of a computational setup and the variables of design elements.

With the advancement of 3DP and parametric design, more and more designers’ as well as researchers’ work reflects the growing importance of these 

emerging digital fabrication and modelling techniques in fashion and textiles development. Considering that developments in the technology of 3DP are 

primarily driven by materials scientists and engineers, and that parametric design is regularly used for architecture, product design as well as animation, this 

research asks how fashion and textile designers can contribute our knowledge of working with the human body to designing novel 3D-printed fashion and 

textile practices.

In my research, the simultaneous considerations of the dynamic body, textile fluidity as well as tactility with existing parametric modelling give rise to a new 

approach for creating body-oriented 3D-printed textiles and fashion. Here, fashion pattern cutting, textile construction and material performativity are fused 

with the application of 3DP and parametric software, such as Selective Laser Sintering (SLS), Fused Deposition Modelling (FDM), Stereolithography (SLA), 

ABSTRACT



Grasshopper, eVe|Voronax, Processing, Freeform Origami as well as Rigid Origami. The research also delivers a new adaptation of parametric thinking – 

Parametric Thinking 2.0 (7.2.1), derived from parametric design, focusing on raising the awareness of the human body also textile fluidity in the 3D-printed 

design and design process (Parametric Design 2.0 in 7.2.3). The notions of ambivalence and Deleuzian ‘becoming’ are used to challenge existing modes 

of parametric thinking through fashion and textile practices. Together, these approaches advocate body-oriented parametric thinking, which embraces 

conflicting opposites, such as modernity and tradition, digital technology and craft as well as Eastern and Western design elements, in interdisciplinary and 

intercultural contexts. 

These premises are explored through a phenomenological approach, juxtaposing my experiences with methods that include speculation, theoretical 

study, communication, collaboration and performance. The research data was collected qualitatively, then categorised into objective or subjective data 

and expressed through tangible design, text or infographics. Additional analysis was informed by coding, designing, 3D printing, making, displaying and 

performing a series of 3D-printed textiles for fashion purposes. The cross-boundary collaborations led this research beyond textile and fashion disciplines 

to the fields of 3DP, architecture and performance. My aspirations are that it will potentially result in new perspectives on fabrication, production and design 

thinking.
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1.1 MOTIVATION 

I was trained as a fashion designer in China at Tsinghua University, which is famous for its science and technology education. Although courses encouraged 

students to seek out advanced and digital technologies in design, I was still most inspired by hand-making. Initially, as a BA fashion student, my prior 

knowledge of textiles was limited due to the division between the fashion and textile disciplines at Tsinghua. Aa a result of completing several textile induction 

courses (knitting, weaving, dyeing and crocheting) at Tsinghua, I discovered my interest in conventional textile hand-making processes: hand weaving and 

dyeing, specifically. Hand-making continued to inspire my MA study (Fashion Design Technology) at the London College of Fashion (2012-2014): I used 

basketry weaving and dip-dye in my final fashion collection to emphasise the wabi-sabi aesthetic of the raw edges of the material and the tangibility of the 

hand-made fabric. 

On the other hand, the professional training in garment making (at Tsinghua and the London College of Fashion) highlights a key aspect of fashion design – 

the visualisation and iteration of 3D shapes through construction, moving from 2D patterns for 2D cloth via, for example, draping and toile-making. It was not 

until I came to the UK to study at the London College of Fashion that I was first alerted to the broader and more imaginative applications of cutting-edge digital 

technologies in fashion, such as 3D printing (3DP). 3DP offers a different approach from that of the conventional 2D/3D/2D interplay of fashion construction: 

without necessarily making a physical toile, an immediate digital rendering shows the final look of a 3D garment constructed from a piece of cloth on a 

computer, and this design can be printed out directly as a tangible material/fabric/garment. Influenced by examples of pioneering designs by Freedom of 

Creation and Iris van Herpen, I began to explore the possibilities of using 3DP in textiles and fashion design. However, immersing myself in a more futuristic 

context did not affect my enjoyment and appreciation of traditional approaches. In fact, my knowledge of textile hand-making, such as hand sewing, weaving 

and dyeing, as well as fashion construction, has influenced and informed new opportunities for digital 3D making in my practice. For instance, the hand-dyed 

3D-printed textiles (5.3), the hand-sewn 3D-printed pleats and the 3D pleats with an intricate woven structure (6.3.1) that feature in this research demonstrate 
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that the creativity in my practice emerges not from a separation between modernity and tradition, digital making and hand-making, but from the conflation, 

mediation or integration of dissimilar, and even opposing, elements. Throughout the thesis the interactions between different disciplines, such as fashion, 

textiles, architecture and performance, are key.

Apart from this interdisciplinary feature, cultural exchange appeared gradually based on my experience of living in China and the UK. Even though intercultural 

dialogue between Eastern and Western design elements, filtered through myself, was not present throughout the entire research, it was embedded in some of 

my projects and started to increase in importance during the last two projects: ‘Inter-fashionality’ and ‘Fold-the-Interfashionality’. To certain extent, this cultural 

aspect reinforces the concept of mediation between opposites, which was generated from the earlier interdisciplinary aspect. Similarly, living and working in 

Western countries did not mean that I separated myself completely from Eastern culture and aesthetics. As a matter of fact, the mixture and hybridity of both 

cultural elements contributed to the generating of innovation through the blending of dissimilar territories, such as 3DP and Chinese jingju  (5.1).

Developing new ideas from these contrasts is thus evidenced in my recent work, such as emphasising the combination of, and the transition between, 

warm and cold colours, geometrical silhouettes and exquisite fabric details, hand-making and digital making, within one design. The idea of moving around 

was best described by Jonathan Openshaw (2015: 11), in conversation with Hans Ulrich Obrist, when he put digital technology into a creative cultural and 

generational context: The generation born after 1989 ‘[…] are deeply inspired by the digital; they often make work that is powerfully physical, using very tactile 

materials. They oscillate back and forth between the digital and the analogue with total fluidity […] moving as freely between disciplines as they do between 

media formats.’ My interdisciplinary and intercultural background does not view conflicting notions or an ambivalent attitude in a negative context. Instead, 

this encourages a fluid thinking in my practice: I have always sought newness from the mediation of opposites. For me, design is not a binary activity, but a 

spectrum of possibilities. So the journey begins. 
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1.2 3D-PRINTED DIGITAL FASHION AND TEXTILES

“ ‘Modernisation’ refers to the processes of scientific, technological, industrial, economic and political innovation that also become urban, social and artistic in 

their impact. ‘Modernity’ refers to the way that modernization infiltrates everyday life and permeates sensibilities. And ‘Modernism’ refers to a wave of avant-

garde artistic movements.”  (Breward and Evans, 2005: 1)

Fashion and textile industries have been driven and accompanied by technological innovations throughout global industrial revolutions. British economic 

historian Arnold Toynbee first introduced the term ‘Industrial Revolution’ into the English language in the early 1880s (Hudson, 1992: 11), after which it was 

applied more widely. The First Industrial Revolution started in the British textile industry during the late eighteenth century. The factory was created as a result 

of the gathering together of independent weavers, and the transition of production methods from hand-craft to machine making.1

‘Fashion and technology’ is a topic that has been discussed through relevant theories and practices. One of the best-recognised discourses has been that 

of fashion and modernity, first formulated (1985: 7, 8) by Elizabeth Wilson, in which she argues that fashion is a culture of modernity, with an avant-garde 

that innovates through experimental techniques and transgressive responses towards convention. Elizabeth Wilson and Joanne Entwistle (2001: 4) further 

developed the concept of fashion and modernity by stating that fashion as a social, spatial and bodily practice is influenced by technological innovation. 

1　These technological innovations laid the foundations for computational knowledge as it known today. The first form of ‘computer’, Joseph Marie Jacquard’s loom, devised in 1880, was predicated on 
the inseparable relationship between computational knowledge and creative industry. Computer innovation experienced the following key moments: Charles Babbage devised the Analytical Engine in 1839; 
during World War II Alan Turing designed techniques for code-breaking and Tommy Flowers created the first electronic computer. The Digital Revolution (from the late 1950s to the late 1970s) marked a 
period of transition from mechanisation to digitisation. It stemmed from the first American commercial computer, Universal Automatic Computer 1(Univac 1), produced in 1951 by the US Census Bureau, and 
spread to the realms of art and design. Whilst computers and code were, by the mid-1960s, primarily considered the stuff of science and technology rather than art, the creative industries witnessed opposite 
trends; 2D computer animation has emerged since the late 1960s. One early example can be found in the remarkable Alfred Hitchcock film Vertigo (1958); John Whitney designed the rotating pattern in 
collaboration with graphic designer Saul Bass. Another landmark event was the 2D motion graphic film Arabesque (1975), which resulted from IBM’s first artist-in-residence project (from 1966).
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Fashion can be understood as a version of modernity that is practised on and through bodily spaces. These spaces are both anatomical and social. Culture 

can be considered as an intersection of the natural and the social. The basis of modernity and fashion within mechanisation is well documented (Wilson, 2005; 

Breward and Evans, 2005), and I am interested in how the modern age challenges and even revives these theories, especially in respect to contemporary 

culture that engages with digitalisation. Thus, a brief history of digital fashion and textiles will be introduced here, focusing especially how 3DP has influenced 

fashion and textiles within this modern digital context.

1.2.1 FASHION AND TEXTILE DIGITALISATION

The history of fashion and textiles in the context of digitalisation is an ‘enigmatic’ progression (Clarke and Harris, 2012: 9). Differing from the term ‘Digital 

Revolution’, which indicates a period of time when analogue electronic technology and mechanical devices evolved into digital electronics, ‘digitisation’ refers 

to the process of conversion from image, word, voice or any other non-digital objects into digital format (Bloomberg, 2018), whilst ‘digitalisation’ indicates the 

widespread use of digital technologies in daily life, making it more of a social phenomenon than one based on physical actions (Brennen and Kreiss, 2016: 1). 

Sarah Clarke and Jane Harris (2012: 14) explain digitalisation as a social and historical progression in relation to fashion and textiles by assigning three 

different categories of activity: capturing the look of code, acknowledging the fusion of technology and craft and imagining the future under the scope of 

digitisation. At the pre-developed stage2 of digital art, designers and artists tried to find out what the ‘code’ or other technological elements looked like, and 

how this could be applied to their work. Eley Kishimoto designed the graphics (Fig 1) for Hussein Chalayan’s Spring/Summer collection in 1996, and Alexander 

2.  From the mid-‘60s to the late ‘90s
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McQueen designed the circuit pattern for Givenchy (Fig 2) in the 1999-2000 Autumn/ Winter catwalk show garments.

Further exploring the materiality of code, Clarke and Harris argue that, in the context of fashion and textiles, the integration of technology and craft gave birth 

to new vocabularies and aesthetics in creativity. As such, both digital and hand-made aspects are embraced by contemporary design (Clarke and Harris, 

2012). The last point they make is that, in the light of technological development, digitalisation can be understood as a means of building a freely imaginary 

Fig 1. Digital flower pattern designed by Eley Kishimoto for Hussein Chalayan (1996), images in Clarke and Harris (2012: 22, 23) Fig 2. Circuit pattern by Alexander McQueen 
for Givenchy in 1999 

(Borrelli-Pearson,1999)
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sphere where various boundary-testing projects cross digital and material formats: for instance, digitally designing graphics then materialising them through 

printing the patterns onto a piece of textile, or digitally testing material properties on a virtual human model prior to production. Fashion and textiles are an 

important medium in which to express this mixed virtual and material culture in design.

The above inventions inspired me to envisage how what I will call the ‘3D real world’ (physical and tangible objects) and 2D digitalisation (designs that appear 

on a screen or that are created by a computer) mutually relate and creatively transform each other. For example, code appears in the tactile design of Eley 

Kishimoto, Hussein Chalayan and Alexander McQueen. Pushing this sensibility further, later inventions include Philip Delamore (2004) making the most of 

2D/3D software for engineering images for textile print and surface exploration (2004). This also involved developing multiple media for generating the illusion 

of two and three dimensions. The 2D concept, in terms of how to use 3D CG (computer graphics) to make imagery and surface decoration, was examined in 

detail by Jane Harris (2000) in her doctoral thesis. I thus question how cutting-edge digital technology, through the progression of the Industrial Revolution and 

digitalisation, revives the concept of 2D and 3D inter-conversion. 3D printing is one of these. 
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1.2.2 THE BEGINNING OF 3D PRINTING IN FASHION AND TEXTILES

3DP produces objects by adding material point by point and layer by layer, and some refer to it as additive manufacturing (Gibson, Rosen and Stucker, 

2015) or rapid prototyping (Vanderploeg, Lee and Mamp, 2016). The early form of 3DP, particularly Stereolithography (SLA), was developed in the 1980s by 

material scientists and engineers, including Jean Claude André, Alain Le Méhauté and Olivier de Witte at the University of Lorraine (France), as well as Chuck 

Hull of 3D Systems Corporation (United States), who has a background in engineering physics and is acknowledged as the first holder of the US SLA patent 

(US4575330). It is regularly used in product and architectural design as a rapid prototyping method (Gibson, Rosen and Stucker, 2015). There are seven 

families of additive manufacturing process categories, according to the International Organization for Standardization and the American Society for Testing 

and Materials (ISO/ASTM 52900) in 2015, and major additive manufacturing categories, techniques and materials, based on the study by Gibson, Rosen and 

Stucker (2015), can be found in the Appendix 1. 

In 2008, the patent for the important technique of fused deposition modelling (FDM) expired, which then enabled 3DP to become established at a commercial 

level within a relatively short time (Lipson and Kurman, 2013). One noteworthy example is the domestic printer Makerbot, which has lowered the price of the 

FDM 3D printer by as much as 90 per cent (Wray, 2014). No longer just a laboratory experiment, 3DP now covers several realms, including fashion, jewellery, 

medical and dental product development, architecture, industrial design and aerospace engineering. Scholars (Rifkin, 2011; Marsh, 2012; Lipson and 

Kurman, 2013; Barnatt, 2016) have defined 3DP as a manufacturing method that is an innate driving force behind the ‘Third Industrial Revolution’ and research 

in the 3D market shows aggressive growth, as reported by Wohlers (McCue, 2016). Klaus Schwab and Nicholas Davis have even predicted that 3DP will 

trigger the Fourth Industrial Revolution through its ‘economically feasible low-volume production, fast prototyping, and the decentralisation and distribution of 
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manufacturing’ (Schwab and Davis, 2018: 343).

3DP opens up a discussion of what can be seen as the new materiality in digitalisation. It reduces the object-making to only two phases, designing the digital 

file using a three-dimensional computer-aided design (CAD) and printing, as opposed to other production methods, such as ones typical in manufacturing 

– subtractive or moulding casting processes (Friedland, 2016) – in which careful examination of the geometry and process is needed to control things like 

fabrication order, tools for different material production and material binding methods (Gibson, Rosen and Stucker, 2015). Thus, the work involved in more 

traditional mass production, based on manual production, has been reduced. Fashion production can use subtractive manufacturing, since it often involves 

cutting patterns out of fabric and re-assembling them. Textile production, on the other hand, is usually considered as an additive process, since many textiles, 

such as knitting or weaving, are constructed by adding more and more materials. In this sense, textiles and 3DP manufacturing are very alike: they both 

imply a way of designing, fabricating and even thinking about things additively. It is thus the starting point for my endeavour to bring the textile aspect, such 

as design and construction, into 3DP, so ‘3D-printed textile and fashion’ or ‘3D-printed textile for fashion (purposes)’ are frequently used phrases/terms to 

describe my projects, rather than just ‘3D-printed fashion’ or ‘3D-printed textiles’. Fashion and textiles go hand in hand, forming the subject of this research.

Although 3DP technology is not yet widespread in the fashion and textiles field (Sun, 2015), designers and scholars have picked up this technology and 

observed its growing significance for future fashion and textile development (Van Den Berg, Van Der Hof and Kosta, 2016; Sun and Zhao, 2017; Kwon, Lee 

and Kim, 2017). Like other great inventions, 3D-printed fashion and textiles started with small ideas and avant-garde experiments. Back in the 1990s, a Dutch 

industrial engineer, Jiri Evenhuis, created the very first 3D-printed fabric (Perepelkin, 2013). In 2000, Janne Kyttanen and Evenhuis co-founded Freedom of 
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Creation, a research-based design company, to continue to develop 3D-printed wearable 

pieces, and a series of fully functional and flexible 3D-printed ‘chain link’ structured fabrics 

were created (Fig 3).

These early creations could be considered as singular and innovative fabric development, 

and I believe that the beginning of fashion’s engagement with 3DP starts properly with the 

work of Dutch designer Iris van Herpen. Because the concept of fashion and modernity 

indicates (Wilson, 2005：9) that fashion, on the one hand, is associated with the clothing 

of our everyday life; on the other hand, it engages with trends and mass popularity in 

which avant-garde creations, like van Herpen’s designs, influence, infiltrate and, to some 

extent, inspire others’ practices. Also, from a technical perspective, after 2008 the FDM 

technique was no longer patented, and many consumers have benefited from accessing 

this technology more easily through the increasing availability of commercial 3D printers. 

This thus gives many designers the opportunity to learn about 3DP and apply it in design. 

Therefore, more and more designers, such as Catherine Wales, Katya Leonovich and 

Xuberance, started to use this technology in fashion after 2010 when van Herpen showed the 

first 3D-printed haute couture piece ‘Crystallization’ (Fig 4) during Amsterdam fashion week.

Fig 3. 3D-printed fabric with chain-link structures 
by Janne Kyttanen and Jiri Evenhuis, 2000

Fig 4. 3D-printed haute-couture by Iris Van Herpen, 2010, 
images in Bolton (2016: 114, 115)
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There are other reasons why van Herpen’s work became more appealing than the fabric designed by Kyttanen and Evenhuis and could reach broader 

audiences. Taking the practical aspect into consideration, when the price of 3DP was extremely high, in the early 2000s, it seemed more valuable for 

designers to use this technology to develop more complicated and unique shapes that were tailored to this technique rather than simple geometries that 

could be produced by alternative methods. The chain-like structured fabric devised by Kyttanen and Evenhuis consisted of separate flat 3D-printed pieces 

draped over a mannequin. It showed less potential for creativity because it lacked variety in terms of its elements and inspirational design concept. This 

structure could easily be compared with the plastic mesh that we frequently see, constructed using similar linking structures. The question is why would 

people wear a piece of 3D-printed fabric made by the chain-like structure, which, in fact, might be easier to produce by well-established manufacturing 

methods, such as injection moulding or extrusion moulding for plastic? In comparison, Van Herpen collaborated with Daniel Widrig to design more intricate 

and complex geometries, which beautifully translate the crystallisation process into a highly imaginative shape that is almost impossible to make by alternative 

methods. This conceptual fashion piece might not even have existed without access to technologies like 3DP and parametric modelling that have emerged 

within the last decade (see section 1.3).

But there continues to be problems in terms of increasing complexity and wearability in 3D-printed fashion, especially the fact that the wearer would be 

restricted in 3D-printed couture and might not be able to move their bodies as they could when wearing softer fabric, such as the ‘Crystallization’ dress (2010) 

and the ‘Skeleton’ dress (2011) designed by van Herpen in collaboration with Daniel Widrig and Isaie Bloch, respectively. I began to question whether factors 

relating to the human body, especially body shape and body movement, were considered less in these designs? If so, what is the reason behind this?
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1.3 THE SCOPE OF THE RESEARCH

There are generally at least five stages involved in the design and production process of 3DP (Gibson, Rosen and Stucker, 2015; Vanderploeg, Lee and 

Mamp, 2016; André, 2017):  

Designers are continually engaged with the first and last stages, designing the object using software and the post-treatment of objects. These two stages 

reflect how designers and their design process impacts on the application of 3DP in both digital and material aspects, specifically computer software and 

tactile approaches.

Specifically, while there is a significant amount of scientific literature (mostly written by engineers and/or materials scientists) on the tangible (technical and 

material) aspects of 3DP (Van Den Berg, Van Der Hof and Kosta, 2016; André, 2017), very few articles have appeared in the literature which discuss fashion 

Fig 5. Normal stages of 3DP
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and textile practitioners’ attitude towards the emotional attachment to, and interaction with, 3D-printed materials in the design process. Similarly, within the last 

five years, academic conferences on 3DP and/or additive manufacturing have been dominated either by broadly themed events3 across science, technology, 

engineering and/or design or by themed events4 focusing on areas other than fashion and textiles. Within the broadly themed conferences, fashion and textiles 

are mainly sectional, such as the first 3D-printed fashion show organised by Materialise during the RAPID 2012 Conference and Exhibition and the 3D-printed 

fashion and textile showcase/presentation during 3D Printing and Design Symposium 2017 organised by Digital Hack Lab at the University of Hertfordshire, 

and the International 3D Printing Fashion Show at the World 3D Printing Technology Conference and Expo 2015 in Cheng Du, China. To my knowledge, 

there was no independently organised academic conference that specifically discussed the application of 3DP in fashion and textiles before the conference 

I organised on the 19th May 2016. Also, commercial, personalised/bespoke and sustainable aspects of 3D-printed fashion and 3D body scanning, aspects 

that relate to the fashion/apparel industry, have been much studied by researchers, including Lushan Sun (2015), Jeni Bougourd and Philip Delamore (2007),  

Fanke Peng, David Sweeney and Philip Delamore (2012). In this research I am curious about how experimental and conceptual fashion practices (the context 

outlined at the beginning of this chapter), based on my experience, influence and tackle the crossover between digital and material culture.

I therefore organised a conference5 titled ‘Digital Fashion: 3D Printing for Designers’ in order to discuss avant-garde practices. I wanted to choose five 

presenters from various non-fashion backgrounds, and encouraged them to explain their idea of the interface between digital technology and fashion, 

3　  Such as Formnext, TCT, Rapid. Tech + FabCon 3.D, Global Additive Application Summit, 3D Print Expo, The International Conference on Additive Manufacturing & 3D Printing, IN(3D)USTRY and 
Inside 3D Printing
4　  Such as 3D Printing Electronics Conference, Additive Manufacturing for Medical Devices 2019, Additive Manufacturing for Aerospace and Space, Annual Conference on 3D Printing & Bio-
printing in Healthcare, 3D Metrology Conference, AM Ceramics 2018, International Congress on Welding, Additive Manufacturing and Associated Non-destructive Testing, Automotive 3D Printing 
Conference
5　More discussion around the conference as a communication and research method can be found in 3.4.3
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because this would help me to reflect on my practice  and identify differences. 

From the conference report (Appendix 4), I concluded that there needs to 

be more investigation into 1) the important role of parametric design 2) the 

awareness of the human body in 3D-printed and body-related projects 3) the 

possibility of adopting 1) and 2) to create a concept of ‘parametric thinking’. 

First, fashion and textile practitioners are often challenged by using 3D CAD 

programs (Sun, 2015), which are primarily designed for other disciplines such as 

architecture and product design. As can be seen from the outer circle in Fig 6, 

all five participants mentioned parametric design/technology to a certain extent: 

Filippo Nassetti took parameters from nature and transferred them into algorithms 

for designing wearables; Fergal Coulter used parametric design tools for 

scientific and engineering development; Troy Nachtigall parameterised wearers’ 

behaviour through 3D-printed shoes; Oliver Smith situated parametric designs 

in interdisciplinary and societal changes by explaining many commercial and 

experimental examples of 3D-printed wearables; Behnaz Farahi used parametric 

design in a futuristic context to predict human behaviour. As shown from the inner 

circle (parametric design and parametric thinking) and the curved arrows in Fig 

6, while Nassetti and Coulter continue to push the limits of parametric design in 

Fig 6. An analysis of the conference ‘Digital Fashion: 3D Printing for Designer’
(animation in Appendix 7)

Mingjing Lin, 2016
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technological contexts, Nachtigall, Farahi and Smith extend the use of parametric design into a broader understanding of the human body, future humans and 

society, respectively. 

Apart from parametric design,  the second aspect concluded from the analysis was that these presenters were likely to prioritise their professional knowledge 

(architecture, materials science, footwear, commercial 3DP), over a consideration of the human body and/or its interaction with 3D-printed garments/textiles. 

Even human body-related 3DP practices were mentioned, fashion aspects related to the human body were rarely discussed by these speakers: how does 

a body move together with the 3D-printed garment; how could garment construction and pattern cutting influence the process of making and designing 

3D-printed fashion and textiles; what does the 3D-printed material feel like when you touch it, and will its tangibility also impact on the making and designing 

process and outcome? 

Thus, although parametric design is commonly understood by the conference participates as a technique to use algorithms in the design process, the cases 

above propose the idea that there is certain logic in creative design and manufacturing in a highly developed digital age that is able to create things from 

data, to design the output through input and algorithms and to link the data with the human body. Even though I was not sure whether any literature existed on 

parametric thinking at that time, the conference was the critical moment when I began to propose that this logic should be seen as ‘parametric thinking’, and 

that it might link algorithmic design, fashion knowledge (pattern cutting) and the body together in respect to textile construction. This invited me to investigate 

further into this hypothesis in both its theoretical and practical aspects.
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1.3.1 THE ORIGIN OF PARAMETRIC DESIGN AND ITS ADOPTION IN FASHION

There are four terms, parametric modelling, parametric tools, parametric design, and parametric thinking, that need to be clarified in order to avoid potential 

confusion. 

Parametric modelling is a technique of digital modelling defined as designing complex geometry from data, numbers and algorithms (Frazer, 2016) through 

computer-programmable and/or algorithm-based tools. These tools, often in the format of computer programmes, software and software add-ons, are 

considered as parametric tools; these include Processing (4.2.2), Grasshopper (5.3), eVe/Voronax (5.3), Freeform Origami (6.1.2) and Rigid Origami (6.1.2).  

In contrast to shaping geometry by cutting and adding other geometries, as with a conventional modelling system (Woodbury, 2010), parametric modelling is a 

way of designing and modelling algorithm-based geometries, which can be changed, defined or encoded by parameters and variables. Parametric modelling 

enables significant capability and typological variety in design generation and modification simply by altering parameters rather than re-coding or re-modelling 

(Mohammad, 2012; Oxman, 2017; Alalouch, 2018).

This design method and the resulting design output produced from the parametric modelling technique and parametric tools can be explained as parametric 

design in this research. As a design approach, parametric design means to establish the relationships/logics by algorithm (‘a set of principles encoded as 

a sequence of parametric equations’ (Mohammad, 2012: 4) ) between parts of the design, and to create/modify a design through changing the relationships 

of the algorithm, rather than designing the specific shape. When parametric design refers to design output, this indicates not only a digital format (design 

rendering) produced by a computer, but also physical forms, if the digital design is eventually materialised – for instance in Zaha Hadid’s Soho Galaxy 
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building. Parametric design is not an entirely new territory for architectural design (Zarei, Phillips, 2012; 2012). The ancient pyramids and Gaudi’s remarkable 

Sagrada Família were early examples of designs based on mathematics. However, it was not until the 1980s that computational parametric design was used 

in architecture (Phillips, 2012). The last decade has witnessed parametric modelling being used regularly in architectural design (Davis, 2013). Parametric 

design is currently a very fashionable phenomenon in architecture and has a long history in this field compared with parametric design in fashion; however, 

with the help of the new fabrication tool 3DP, and influenced by avant-garde practitioners such as Nervous System and Julia Koerner, fashion designers  have 

recently started to create parametric wearable design, such as the works of threeASFOUR designed in 2015 and 2016, and most of the designs that Iris van 

Herpen created since 2010.

Fashion designers and architects commonly collaborate because of their interests in shapes and space. The immediacy of production of the scale of fashion 

allows architectural forms to be created within a shorter time, and with the help of 3DP, a large number can be produced immediately (Robinson, 2015: 41). 

Some architects are even involved with the fashion industry. Zaha Hadid has a fashion label producing parametric accessories. Footwear brand United 

Nude was launched by architects Rem D. Koolhaas and shoe designer Galahad Clark. 3D-printed fashion, unsurprisingly, follows the same pattern as other 

avant-garde fashions. For the majority of the cases I studied, fashion designers collaborated with, or were supported by, an architect. All of Iris van Herpen’s 

collaborators – Neri Oxman, Julia Koerner, Daniel Widrig, Isaie Bloch and Niccolò Casas – came from architectural or computational design backgrounds, and 

parametric modelling tools were used to produce most of their work.

However, architects and fashion designers seem to pay attention to different aspects of the human body in architectural and garment design: an architect 
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might consider the circulation of the human body, the surrounding spaces and the larger building scale, while as a fashion designer, I care more about the 

details, the dynamics of the body, the material covering the body and the intimate relationship between the body and the material. The fundamental difference 

in design focus is reflected in the different approaches to a body-related project: the human body tends to be treated as a static whole when architects design 

clothing/body-related projects using digital tools: they are less concerned with the body’s dynamics and its interaction with tangible materials. For instance, 

architect and computational designer Alessandro Zomparelli developed the Tissue add-on for Blender, which could grow a Lattice structure along the (body) 

surface (Fig 7). Playing around with ideas on a digital form of the human body (mannequin) is adequate for early idea exploration and demonstration when 

designers do not need to produce real objects. However, a real human body is much more than a static surface, and it is often prioritised in my practice, 

Fig 7. Lattice structure designed by Alessandro Zomparelli, 2017
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especially in terms of the dynamics of body movement, body shape and physical interaction with materials. In contrast to architectural practices, which might 

well consider large-scale buildings, the interior space and the area of human activity, my motivation for wearable design has always been driven from the 

corporeal body to the in-between space between skin and material, to the material details, to the outside world. 

Does parametric design have a positive future in fashion? Parametric design is already being used in fashion (Oxman and Gu, 2015), and its advantage 

fundamentally lies in designing imaginative geometries. Some of the geometries, such as studio Xuberance’s generative geometry, are almost impossible 

to build without parametric modelling. But there are also essential differences in terms of how parametric design is applied in fashion compared with its 

application in architecture, and some of these might be considered drawbacks. For architecture, ‘inarticulate, undefined, and too difficult to construct’ (Phillips, 

2012) were the drawbacks of applying parametric design in actual bulidings. In contrast, a human-scale project can benefit from these features. It can be 

seen from examples in the book 3D-Printed Body Architecture (Leach and Farahi, 2017) which calls designers’ attention to smaller-scale architecture and 

human-interactive architecture when using parametric tools and technologies such as 3DP.

Developing from the inspirational concept of parametricism, coined by Patrik Schumacher in 2008, in which he argues that cutting-edge computational 

and parametric tools could benefit architectural design within the growing volatility of urbanisation (Schumacher, 2016), parametric thinking has attracted 

the attention of many architecture scholars and practitioners in recent years (Anderson, Tang, Vera and Yeshayahu, 2011). Beyond being a novel tool and 

approach for creating complex geometries, parametric modelling, parametric tools and parametric design are beginning to contribute to emerging ways 

of thinking (Oxman and Gu, 2015: 1; Alalouch, 2018: 163) in architectural design: parametric thinking. Parametric thinking is a term first defined by David 
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Karle and Brian Kelly (2011: 109), that as ‘a way of relating tangible and intangible systems into a design proposal removed from digital tool specificity, and 

establishes relationships between properties within a system. It asks architects to start with the design parameters rather than preconceived or predetermined 

design solutions’. To be more specific, by adjusting the measurable parameters/variables of a parametric definition/equation, various designs, and thus 

educational outputs, can be created relationally in architectural education (Karle and Kelly, 2011: 110,112). The advantages of parametric design lie in 

creating variety and alteration with less effort, as well as novel and complicated architectural designs (Alalouch, 2018: 164). Parametric thinking is thus distilled 

from this design approach and can be described as relational thinking, a method of thinking and a type of methodology (Karle and Kelly, 2011: 109-111) for 

enabling architectural students to generate a range of design opportunities by correlating different kinds of content (design, making, technique and contextual 

study) rather than separating them. Similarly, Sanguinetti and Kraus (2011: 39-47) have also supported parametric thinking as methodological thinking from 

the perspective of architectural phenomenology. They proposed that parametric thinking offers architects a novel methodological approach to visualising tacit 

design intentions (based on designers’ sensory experiences, such as those of hearing, touch and vision) into explicit algorithms to be tangibly materialised 

as design outputs. Mohammad suggested (2012: 8) that strengthening computer-aided parametric design in architectural practice can yield a new model 

of thinking, parametric thinking, which transforms designers’ use and exploration of advanced digital tools into new knowledge of creation and innovation in 

design.

Researchers including Sanguinetti and Kraus (2011: 39), Mohammad (2012: 3) and Oxman and Gu (2015: 1-6) have all addressed the possibility of linking 

parametric thinking with design thinking in the field of architecture. Rivka Oxman (2017) carried out an intensive study on theories and models of parametric 

design thinking (PDT), and situated PDT as continuing and developing as a mode of design thinking. PDT was defined by Oxman and Gu (2015: 2) as 
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involving architects in thinking abstractly, mathematically and algorithmically, in addition to offering fundamental architectural knowledge, while applying 

parametric tools into their design.

Therefore, current studies above point to two facts: first, parametric thinking is distilled from transferring the practice of parametric design into a mode of 

thinking – more precisely a methodological approach; and second that this methodological thinking is mainly discussed by architectural scholars within the 

field of architecture. Although parametric thinking was instigated by architects, researchers have called for a more in-depth and broader understanding of this 

term in an interdisciplinary (Oxman and Gu, 2015: 5) and material (Moussaivi, 2011; Alalouch, 2018: 176) context. I then began to question, researching from 

a fashion and textiles background, what the differences would be when applying parametric tools to developing 3D-printed textiles for fashion from my own 

design process, design outcomes and thinking? How do I understand parametric thinking as a research methodology based on my practice (3.3.2)? How can 

3D-printed fashion and textiles practice yield an adaptation of the concept of parametric thinking? 

1.4 AIM AND RESEARCH STRUCTURE

The studies above show that in pioneering 3D-printed fashion projects, there is a tendency towards a lack of awareness of the human body from the point 

of view of both 3D modelling (software) and materials development, which potentially leads many current collaborative 3D-printed fashion practices to be 

too rigid/static, such as in their use of stiff materials, resulting in a ‘shell-like structure’ (Klein, 2015). Taking a phenomenological approach (Chapter Ⅲ), the 

research fundamentally explores whether the human body can inform new possibilities of both the digital and the material aspects of 3D-printed 

fashion and textile design. How could my understanding of the corporeal body from a fashion perspective contribute to new formations of 3D-printed 

design and parametric thinking?
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The thesis structure (Fig 8) is as follows:

Embracing ambivalence has inspired me to always seek out the possibility of joining/mediating conflicts in order to achieve a creative outcome in my practice. 

Chapter Ⅱ provides a chronological contextual review of the development of 3D printing and 3D printing for fashion and textiles. The Deleuzian concept of 

‘becoming’ (Chapter IV) and its latent acknowledgement of Razinsky’s notion of ambivalence (Appendix 2 and 3) provide a literature base that supports 

creativity associated with the concept of mediation between opposites. I also contextualise other avant-garde designs and my own practice within this 

concept in order to demonstrate how I embrace ambivalence in 3D-printed fashion and textiles development. Here, cutting-edge parametric tools (such as 

Processing and Grasshopper) and 3DP technology (such as multi-material printing) are used to epitomise the creative transitions/transformations between 

opposing elements such as material softness and hardness or immobility and mobility. Two collaborative projects, ‘Inter-fashionality’ (Chapter Ⅴ) and ‘Fold-the-

Interfashionality’ (Chapter Ⅵ) are the main case studies, scrutinizing the human body’s decisive role in the innovatory mediations between opposites from both 

a digital software and materials development perspective. Essentially, I am proposing that fashion and textiles designers could use our knowledge of complex 

body shape and body movement, as well as the experience of materiality, to bring an intricate/fluid understanding of 3DP fashion construction and textile 

pattern. The research question is thus divided into the following two aspects (the red circular lines in Fig 8): 

1. Can the body inform new dynamics through parametric design, which is used regularly in architecture and other disciplines? 

2. Can body-oriented 3D-printed textiles bring new possibilities for materials from a fashion design perspective, rather than from that of materials science or 

engineering? 

This research aims to:

1. Employ my hands-on experience and examine pioneering design in the field of 3D-printed fashion and textiles to interrogate the ambivalent phenomenon of   
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Fig 8. Thesis Structure,  the model of the research, Mingjing Lin, 2018
(animation in Appendix 7)
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    digital fashion. This includes a further investigation on how creativity is linked to the ambivalence embodied in the application of cutting-edge technologies.

2. Develop new forms of 3D-printed design by implanting fashion and textile design knowledge in to 3D modelling, material making and 3DP.

3. Innovate the techniques of 3D-printed fashion and textile creation. It contains, but does not limit to, developing new algorithm/parametric design, producing   

    new ways of making, and/or using new materials in fashion and textiles practice.

4. Experiment 3D-printed design outcomes through their interaction with the human body, while recognising textile fluidity and fashion performativity.

5. Generate a methodology, a new adaptation of ‘parametric thinking’, which enfolds 3DP, parametric design, fashion and textile expertise in both theoretical 

and practical senses, for use in fashion and textile design research. 

The originality thus lies not only in the new algorithms (7.2.2) and designs (Parametric Design 2.0 in 7.2.3) for 3DP, but also in the different interpretation of 

parametric thinking in fashion and textiles (Parametric Thinking 2.0 in 7.2.1), all of which potentially make the research innovative, from design practice to new 

fabrication, production and even new models of thinking. 

This research offers benefits for fashion and/or textiles researchers who are interested in the area of 3DP, parametric design and parametric thinking. 

It could also be of use to researchers and practitioners from other disciplines, such as architects, product designers, computer engineers and/or 

materials scientists/engineers, who are exploring how 3DP, parametric design and/or wearable technology relate to the human body, particularly the 

relation between body shape/movement and wearing materials. There might be individuals who are interested in certain aspects of the research: for 

instance, the notion of ambivalence and Deleuzian ‘becoming’ in a digital fashion context, performance as a fashion and textile research method, 

or parametric thinking as research methodology, generating new design ideas by embracing oppositional elements. I also welcome audiences to 

discuss/challenge the idea of embracing cultural differences and exchanges in digitalisation, such as combining Chinese qipao and jingju with 3DP, 

which, as a technology used in fashion and textile design, has so far been developed mainly in a Western design context.
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Fig 9. Key 3D-printed fashion and textile practice and research 
Name Expertise/ Background Secondary Area Collaborators Technologies/3D Printing 3D-printed Design Activity 

Period
Iconic Work Image of an iconic work

Fashion & Textile Practice
Freedom of Creation Parametric design;

3D printing
Interior design Founders: 

Janne Kyttanen, 
Jiri Evenhuis

Late ’90s to the present Fig 10. 3D-printed fabric 
with chain-link structures 

(2000)

Iris van Herpen Fashion Design 
（haute couture）

Craft Daniel Widrig (architect)
 and .MGX

Materialise, parametric 
design

2010 to the present First haute couture
and other four creations

Fig 11. Crystallization 
collection, van Herpen, 2010

Fig 12-15. Escapism 
collection, van Herpen, 2011

Isaie Bloch (architect) Parametric design Fig 16. Skeleton dress, in 
Capriole collection, van 

Herpen, 2011

Julia Koerner (architect), 
Materialise

Parametric design 
(generative design)

Fig 17.Transparent SLA 
technique by Materialise, 

in Hybrid Holism collection, 
van Herpen, 2012

Fig 18. TPU 92A-1 flexible 
3DP by Materialise, in 
Voltage collection, van 

Herpen, 2013

Fig 19. Biopiracy collection, 
van Herpen, 2014

Neri Oxman (architect) Objet Connex 500, 
parametric design

Fig 20. Multi-material dress, 
image in Voltage collection, 

2013 

Niccolo Casas (architect) Accura ClearVue by 3D 
Systems

2014-2016 Fig 21. Rigid shell-like 
dress in Magnetic Motion 

collection, van Herpen, 2014
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Iris van Herpen Fashion Design 
（haute couture）

Craft Niccolo Casas (architect) Fig 22. 3D printed 
translucent crystal clusters, 

in Hacking Infinity collection, 
van Herpen, 2015 

Fig 23. Net structure in 
combination with hand-

making and knitting, in Lucid 
collection, van Herpen, 2016

Delft University of 
Technology

Multi-material polyjet printing  
to print synthetic resin onto 
transparent tulle,  material 

as thin as 0.8 mm

Fig 24. Fluid and soft leaves 
pattern, in Ludi Naturae 

collection, van Herpen, 2018

Julia Koerner Architecture Fashion design, costume 
design

Marina Hoermanseder Materialise 2012 to the present Fig 25. 3D-printed ready-to-
wear corset, 2015,

images in Dhuru and 
Schreiber (2015)

Self-designed and 
3D-modelled

Stratasys Fig 26. ‘Sporophyte’ col-
lection: Kelp jacket and Hy-

menium jacket, 2015,
images in Leach and Farahi 

(2017: 44)

Self-designed and 3D- 
modelled

Materialise, Parametric 
design (generative design), 
bio-degradable PLA filament

Fig 27. 3D-printed Venus 
dress, tessellated net-like 

structure, 2016

Ruth Carter (Costume 
design) Marvel Studio, 

Materialise

Raise 3D printer Fig 28. Oscar-winning cos-
tume for the Marvel  Black 

Panther film, 2018

Nervous System Parametric Script: 
Javascript/other software 

development

Product Design Unknown  Unknown 2014 to the present Fig 29 4D kinematic dress
Fig 30. Kinematic petals 

dress



28 29

Francis Bitonti Architecture; Parametric 
Design

Fashion Shapeways, Swarovski, 
Michael Schmidt (fashion 

design)

Nylon 2013 Fig 31. 3D-printed gown for 
Dita Von Teese

Danit Peleg Fashion design Commercial fashion Blender, Gerber Technology 
(Software AccuMark),

TechFactoryPlus, 
the XLN

FDM FilaFlex filament,  
Andreas Bastian’s 

Mesostructured Cellular 
Materials

2014 till now Fig 32. Commercial 
3D-printed Garments with 

auxetic structures

threeASFOUR Fashion design Travis Fitch (parametric 
design)

Stratasys Object500 
Connex3 Multi-material 

2016 Fig 33. Biomimicry shapes, 
flexible structures and 

gradual colours,
image in McKnight (2016)

Continuum Fashion Fashion design Lingerie Founders: Jenna Fizel 
(parametric design) and 
Mary Haung (interactive 
design and media arts), 

Shapeways

SLS Nylon12 2011 Fig 34. N12 Bikini, 0.7mm 
fine details

Project DNA Accessories Fashion Catherine Wales, 
Digits2Widgets 

Nylon, 3D scanning 2013 Fig 35. 3D-printed feath-
ered shoulder piece, corset, 
bracelet, mask and helmet,
 image in Howarth (2013)

Digits2Widgets Parametric design; 
3D-printed textiles

Jewellery and
product design

In-house parametric 
designer, jewellery 

designers, 
3DP technicians

SLS nylon 
SLA

2014 Fig 36. 3D-printed flexible 
fabrics

Noa Raviv Fashion design Unknown Stratasys Multi-material 
Connex

2014 Fig 37. 3D-printed 
embellishment hand-stitched 

onto clothes

Pringle of Scotland Fashion design Knitwear Richard Beckett (material 
science and parametric 
design for architecture)

SLS nylon
EOS Formiga P100

2014 Fig 38. Commercial Ready-
to-wear, hand-stitched 3D 

printing onto garment,
image in Howarth (2014)
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Project Incunabula     Architecture Art, fashion Alexandra Verschueren 
(fashion design), 

Tobias Klein (parametric 
modelling)

 
Curated/Filmed by 

ShowStudio, Kaat Debo and 
Marie Schuller

Parametric modelling 2014 Fig 39. Irish crochet 
techniques into 3D-printed 

technologies,
image in Boorman (2014). 

Research into merging craft 
and digital technology to 
reflect on a hybrid belief 

system.
Katya Leonovich Fashion design Jewellery design Bradley Rothenberg 

(parametric software 
developer, founder of 

nTopology)

SLS 2014 Fig 40. 3D-printed 
embellishment

Chanel Fashion design Craft;
commercial fashion

Hand-embroidery by Maison 
Lesage,

3DP supported by Julia 
Koerner

SLS
Unknown company

2015 Fig 41. Commercial 
3D-printed overlay with 

hand-embroidery,
image in Bolton 
(2016: 58. 59)

Masaharu Ono
Free D

Product design; 
algorithm design

Fashion STARted TPU 2016 Fig 42. 3D-printed 
knitting 

Ohne Titel Fashion and textile design Shapeways, Chester Dols 
(architect,  

Eyebeam Computational 
Fashion Master Class 

graduate)

Rhino, GH and Python 
scripting, frosted detail 
plastic by Shapeways, 

2016 Fig 43. 3D printing with  
traditional knitting and 
crochet techniques,

image in Vogue (2016)

Alexis Walsh Fashion design Craft Justin Hattendorf 
(architect)

2017 Fig 44. Handcrafted 
embellishment and 

generative digital forms

Ganit Goldstein Weaving Fashion Stratasys Prusa i3 Mk3 3D printer,
Stratasys Connex3 multi-

material 3D printer, 
GrabCAD software

2018 Fig 45. ‘Souf’ outfit, 
combining Japanese IKAT 

weaving and recycled 
material with 3D printing
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Free D
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knitting 

Ohne Titel Fashion and textile design Shapeways, Chester Dols 
(architect,  

Eyebeam Computational 
Fashion Master Class 

graduate)

Rhino, GH and Python 
scripting, frosted detail 
plastic by Shapeways, 

2016 Fig 43. 3D printing with  
traditional knitting and 
crochet techniques,

image in Vogue (2016)

Alexis Walsh Fashion design Craft Justin Hattendorf 
(architect)

2017 Fig 44. Handcrafted 
embellishment and 

generative digital forms

Ganit Goldstein Weaving Fashion Stratasys Prusa i3 Mk3 3D printer,
Stratasys Connex3 multi-

material 3D printer, 
GrabCAD software

2018 Fig 45. ‘Souf’ outfit, 
combining Japanese IKAT 

weaving and recycled 
material with 3D printing

Lingxiao Luo Knitting Fashion design 2018 Fig 46. Project AddiToy.
Knitting with 3D printing

Zac Posen Fashion design GE Additive, Protolabs Accura Xtreme White 200 
durable plastic, electron 

beam melting (EBM) 
technology for the dress 

frame

2019 Fig 47. 3D-printed dress for 
the Met Gala, New York,
image in Pownall (2019)

Xuberance (Steven Ma, 
Leirah Wang and Bin 

Lu)

Product design;
personalised service for high-
end customisation projects;

concept of ‘Mass 
Customisation’

Fashion Materialise educational 
programme

Parametric Design; baroque, 
excessive and abundant 

assthetics

2014, Shanghai Fig 48. 3D-printed wedding 
dress

Melinda Looi Accessories Fashion Materialise,
Samuel Canning (parametric 

design)

2015 Fig 49. 3D-printed jewellery 
and haute couture with 

Swarovski crystals

Nadir Gordon Fashion and textile design Jonathan Guerra Sketchfab, 
MakerBot Replicator 2

2015 Fig 50. 3D-printed swimsuit,
image in Adlughmin (2015)

Simone Leonelli (W230 
studio)

Parametric modelling; 
product design

Fashion; jewellery design Perth Institute of 
Contemporary Art

FDM, PLA 2017 Fig 51. 3D-printed 
embellishment on 3D-printed 

wearable fabric

Project Modeclix Textiles Apparel Dr Shaun Borstrock, 
Professor Mark Bloomfield

SLS 2016 Fig 52. Modular textile and 
apparel 
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Fashion & Textile Research

3D Textile Structures 
and Surfaces

Textile design J.R. Campbell, Craig Whittet, 
Helena Britt

FDM, ABS Nylon, 3D 
scanning

2008 Fig 53. 3D ‘coil-like’ structure 
that can move with the 

fabric, made up of modular 
elements,

in Campbell, Whittet and 
Britt (2008: 8)

Negar Kalantar & 
Alireza Borhani

Textile/flexible structure 
design

Parametric design Dreams Lab Rhino, GH, Solid works
FDM, SLS

2013 Fig 54. Flexible textile 
structure

Mark Beecroft Textile design 3D printing Laura McPherson SLS nylon 2014 Fig 55. 3D-printed knitting

Lushan Sun 3D-printed apparel research Fashion and textile design 2015 to the present Fig 56. Instilled: 3D Printing 
Elastic Lace, image in Sun 

(2018: 3) 
 

EXPLORING DESIGN 
COGNITION FROM

VISUAL AND HAPTIC 
EXPERIENCES AS

AN APPAREL DESIGNER 
IN DIGITAL 3D IMAGING 

USING
3D PRINTING 

TECHNOLOGY
(Sun, 2015)

Behnaz Farahi Architecture, design research Interactive technology Coding consultants: 
Sebastian Morales, 

Julian Ceipek
Mechanical Consultant: 

Paolo Salvagione

Shape Memory Alloy, 
Object 500 Connex3

2015 Fig 57. An interactive 
multi-material 3D-printed 

wearable, 
image in Leach and Farahi 

(2017: 87)

Studio MHOX Architecture; speculative 
design

Programming Filippo Nassetti, Alessandro 
Zomparelli

Parametric design/
generative design

2014 Fig 58. Audiam mask, 
3D-printed wearables
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Troy Nachtigall 3D-printed footwear research Fashion Pauline van Dongen (fashion 
design), Leonie Tenthof 

van Noorden (parametric 
designer, industrial 

designer)

3D scanning, Filaflex soft 
filament, customisation, 
parametric modelling

2015 Fig 59. 3D printed 
‘behavioural fit’ shoes for 

Dutch Ministry of Education, 
Innovation and Science

Dr. Fergal Coulter Computer engineering Medicine Customised 3D printing, 
parametric design

2015 Fig 60. 3D-printed silicone, 
auxetic structure 

Manel Torres Research Fashion Imperial College Aerosol-discharged fibrous 
cloud, fibre science, 

material science

2004 Fig 61. 3D-printing-style 
design,

Spray-on dress, Fabrican 

Footwear Design
Nike Sportswear Accessories SLS nylon 2013 Fig 62. 3D-printed cleat 

plate

Fig 63. Customised 
performance bag, with 
flexible and breathable 

structures

HP JHP et Fusion 3D Printer  
3200 and 4200

2016 Fig 64. 3D-printed track 
spike for sprinter Allyson 

Felix.

 Printing time is ten times 
faster than competing 

machines



34 35

United Nude Architectural Footwear Iris Van Herpen 2010-2014 Fig 65. Image in Fairs (2013)

Zaha Hadid 2014 Fig 66. Nova shoe,
iamge in Leach and Farahi 

(2017: 71)

Zaha Hadid, Ben van Berkel, 
Fernando Romero, Michael 

Young, Ross Lovegrove

2015 Project Re-Inventing Shoes 
 

Fig 67 Flames shoe, UNX2 
shoe, Ammonite shoe, 

Young shoe and Ilabo shoe, 
images in Leach and Farahi  

(2017: 73 and 74)

Francis Bitonti, 3D system SLS nylon, Parametric 
design

Gold-plated SLS-printed 
wedge heels with a leather 

upper

Fig 68. Mutatio shoe in 
Leach and Farahi (2017: 75)

Adidas
 
 

Sportswear Data sourcing, footscan 
technology, Materialise

2015 Fig 69. Project Futurecraft 
3D: 3D-printed midsole 
(lightweight structure, 
flexible, breathable, 

matching contours and 
pressure points)

Materialise.
Parley for the Oceans.

Stratasys

Waste plastic filtered out of 
the oceans. 

Software: 3-matic. Stratasys.

2015 Fig 70. Conceptual running 
shoes sole. Parametric 
structure, lightweight, 

flexible, breathable carbon

Released on the market, 
$333

2016 Fig 71. 
Futurecraft 3D runner,

image in Russell (2016)

OurOwnsKIN Footwear Footwear manufacturing; 
medical

Liz Ciokajlo 
(footwear designer),

Rhian Solomon (artist), 
Tom Mallinson of 
Digits2Widgets 

(3D CAD specialist)

Auxetic structure, 
Electrospun

Fig 72. An auxetic structure 
in 3D printing for footwear
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Fig 73. An analysis of major 3DP and material development for fashion 
garments and textiles 2010-2019, Mingjing Lin
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Fig 74. An analysis of collaboration in creation and 3D modelling for 
3D-printed fashion garments and textiles, Mingjing Lin
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Fig 75. Mapping the Major Practices onto the Keywords of the Research, 
Mingjing Lin (2018)
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The collaborative approach dominates the majority of 3D-printed fashion and textile practices. First, Fig 73 indicates that 3DP designers tend to collaborate 

with 3DP companies/experts to use their newest inventions for creating novel designs. At the same time, some 3DP companies have launched their innovations 

together, or even after the designers’ presentation, which indicates how fashion design is valued as a way of either testing and/or presenting/promoting the 

new technology. For instance, the Voltage Couture collection, in which van Herpen collaborated with Koerner using the strong and flexible TPU 92A-1 by 3DP 

company Materialise, was first shown in January 2013. Later, in March of that year, the 3DP company Materialise launched this product. Similarly, Adidas 

and Parley for the Oceans launched 3D-printed soles that could be printed together with recycled material. In 2012, Stratasys produced the Object500 for 

multi-colour and multi-material purposes. It offers up to 82 different material properties with various colours and varying hardness within one printed object. 

Designers including Neri Oxman (in collaboration with Iris van Herpen) and Behnaz Farahi have used this machine to create their multi-property fabrics; 

threeASFOUR used an updated Object500 of nano-enhanced flexible material to print complicated interlocking structures with gradated colours. In 2013, 

Recreus launched the extremely soft filament Filaflex for the domestic FDM machine. Not long afterwards, Danit Peleg printed an entire lace-like textiles and 

fashion collection at home using this technology.

Second, these collaborations are not limited to materials development: it has also occurred in the design process – in 3D parametric modelling particularly 

(Fig 74). Most of the practices in Fig 9 used parametric design (Fig 75). 1) Fashion designers/brands, including Iris van Herpen, Ruth Carter, Michael 

Schmidt, Marina Hoermanseder, threeASFOUR, Pringle of Scotland, Katya Leonovich, Chanel, Ohne Titel, Alexis Walsh and Melinda Looi collaborated with 

architects/3D generalists on 3DP projects to use their skillset in parametric modelling. For instance, van Herpen has collaborated with the architects Daniel 

Widrig, Isaie Bloch, Julia Koerner and Neri Oxman. 2) Brands/designers without a fashion background (architects/product designers/programmers), including 
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Julia Koerner, Nervous Systems, Francis Bitonti, Continnum Fashion, Masaharu Ono, Xuberance and Simone Leonelli, applied parametric modelling into 

wearables. Without professional fashion knowledge, such as pattern-cutting and garment construction, these designs either adopted a simple/existing garment 

shape, such as the dress by Nervous Systems, lingerie by Continuum Fashion, the knitted top by Masaharu Ono and the Venus dress by Julia Koerner, or 

became decorative accessories with limited flexibility, such as the Kelp jacket by Julia Koerner, the dress by Xuberance and the decorative structure by 

Simone Leonelli. As mentioned in 1.3, there are fundamental differences in terms of how architects and fashion designers approach and design body-related 

projects. Fashion designers can have more consideration for body shape, movement and its encounter with tangible materials through, for instance, the toiling 

and draping process. The collaborative 3D-printed projects between Melinda Looi and Samuel Canning described by Loy and Canning (2019: 938) indicates 

that the fashion designer only provides ideas/designs/sketches and does not necessarily make digital models; architects are more likely to be responsible for 

visualising the design on a computer and materialising it through 3DP. Bodily movements, the detailed dynamics of the body and its interaction with materials 

can be neglected if the 3D-printed garment was only designed digitally without tailoring, a garment toile or consideration of the materiality. 3) So far, there 

is no evidence to show that the designs by Freedom of Creation, Catherine Wales, Noa Raviv, Ganit Goldstein, Lingxiao Luo, Zac Posen and Nadir Gordon 

used parametric design. Compared with the uniqueness of parametric design in terms of creating highly complicated and interlocking geometries with high 

alterability (1.3.1) for 3DP, these designs are either simple geometries, such as the chain-mail structure by Freedom of Creation, the work of Lingxiao Luo and 

Ganit Goldstein, which could be produced by alternative methods (1.2.2), or a bulked object with limited fluidity, seen in the work of Catherine Wales, Noa 

Raviv, Zac Posen and Nadir Gordon. 
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The third aspect is in terms of textile making and fluidity, which can be seen in both practice and research. The early conception of using 3DP to create 

surfaces and new textile structures proposed by researchers Campbell, Whittet and Britt (2008: 1) have been realised and developed by recent practice 

and research. On the one hand, designers have merged hand-making and/or existing forms of textiles as a solution to make 3D printing less static and 

more wearable. For instance, Iris van Herpen applied 3D-printed resin onto transparent tulle; Pringle of Scotland attached 3D-printed pieces onto knitwear; 

Chanel covered embroidery with a 3D-printed shell; Ganit Goldstein combined 3D printing with craft; Mark Beecroft and Laura McPherson mimicked a knitted 

structure using 3DP and merged it with a knitted fabric. On the other hand, designers and researchers have been inspired by textile structures to create 

new forms of fabric, such as fabric samples by Digits2Widgets, Negar Kalantar and Alireza Borhani. However, these are not necessarily intended for body-

related practice. Two positive projects integrate fashion construction and textile structure well: the 3D-printed modular textile and apparel project Modeclix 

by Dr Shaun Borstrock and Professor Mark Bloomfield, as well as the commercial 3D-printed garments with auxetic structures by Danit Pelag; yet there is no 

evidence that parametric design is applied in their practices.

Therefore, the gaps within existing practice and research form the rationale for my own practice-based work. As addressed in Chapter I, 3DP, parametric 

design and parametric thinking were not originally developed by/for fashion and textiles. 3DP technology and material innovation has been pushed forward 

by material scientists and engineers (1.2.2), and is often used by product and architectural designers as a rapid prototyping method; parametric design is 

more regularly used in fields other than fashion and textiles, such as commercial architectural design, and parametric thinking is discussed within the field of 

architecture (1.3.1). As demonstrated, existing fashion practitioners, such as Iris van Herpen and threeASFOUR, tend to rely on the skills of other experts in 
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using parametric design, and there is no evidence to show how these practitioners apply and experiment with parametric design in their fashion design (Fig 

75). Fashion and textile research projects by Sun (2015 and 2018), Campbell, Whittet and Britt (2008) are not related to parametric design; textile research 

projects (Fig 9) by Negar Kalantar and Alireza Borhani (2013), as well as Mark Beecroft and Laura McPherson (2014), are not practised on the human 

body; although using parametric design and 3DP, researchers Behnaz Farahi, Filippo Nassetti, Fergal Coulter and Troy Nachtigall (1.3; Appendix 4; Fig 

9) investigate from the non-fashion (garment) perspectives of interactive architecture, architecture, engineering and footwear design, respectively. To my 

knowledge, there is no fashion and textile researcher starting from his/her design and taking a perspective related to the human body, investigating 

the use of 3DP and parametric design in fashion and textiles practically, conceptually and at the same time theoretically. I want to bridge this gap by 

taking account of fashion and textile design and making in order to create original 3D-printed parametric design. Textile making using 3DP, such as the work 

of Iris van Herpen and Chanel, inspired me to value existing fashion and textile knowledge to achieve fluid 3D-printed design. It also inspired me to conduct 

a practice-based research to examine my changing/fluid position, almost like switching between different modes, among which are working as a designer, 

maker and programmer when using 3DP and parametric design with fashion and textile hands-on knowledge, with the human body in mind. That is, aiming 

to situate most of my practice at the centre of the keywords of the research (Fig 76), I not only used parametric design and 3DP technology in my 

fashion and textile design process, but also deliberately reiterated my knowledge of pattern-cutting, textile making and the sensibility of the worn 

material in considering body shape and movement for achieving fluidity in 3D-printed fashion and textile innovation, and generated theoretical 

thinking/understandings of the concept of this fluidity.
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Fig 76. Mapping Mingjing Lin’s practice (2018)
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Fig 77. Research approach, methods, data processing and methodology, Mingjing Lin
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3.1 PRACTICE-BASED PROJECTS

In relation to the gap discussed in Chapter II, there are currently no other fashion and textile researchers reflecting on their design and making process by 

using parametric design and 3DP simultaneously. I decided to undertake practice-based work because, through reflecting on my practices (the process of 

design, making, communication and presentation, as well as the made objects), my aim is to be able to identify tacit knowledge as the ‘discovery of something 

nobody knows’ (Biggs and Buchler, 2008: 6). Nigel Cross (2006: 30) and Donald Schön (1983: 49) addressed the significant value of ‘reflection’ to design 

practices, noting that the designer generates new knowledge through critically thinking about, writing about and reflecting on their practices. Phenomenology, 

in this sense, is an appropriate overall approach underpinning my practice-based work, as it requires me to unpack the tacit knowledge of my experiences of 

working on 3D-printed fashion and textiles to further achieve new practical innovations and theoretical thinking. Specifically, I considered both the corporeal 

aspect of the human body and my experience in order to understand the effect of the relevant technology on design practice and to reveal the embodied 

knowledge through my design/making process and the tactile materials I created.

Fig 78. 79 show the chronology of my practice-based work, including the project names, images, project types, timescale, collaborators, individuals’ roles, 

contributions and working processes. These projects can be broadly viewed as evidence of the evolution of my understanding of the body that I gained 

through working on 3DP, parametric design and/or relevant technology in fashion and textiles: how the human body has been considered as part of the design 

process that evolved progressively for different projects. These projects will also be analysed in relation to the evolution of the research keywords (7.3 and Fig 

228). 

To be more specific, at the beginning of the research (Fig 228), my practices focused on discovering cutting-edge techniques/technologies, such as 3DP 
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and interactive technology, rather than on the importance of the human body. For instance, in my first project, ‘Bond’, the interactive textiles were made and 

presented on a standard-size male mannequin rather than a real human body. Judging from the outcome of the project (Appendix 4), I was not convinced 

that I liked the human (viewer)-material interaction enabled by electronic devices (a pinhole camera, wires and rotating servers). Instead, I questioned the 

relationships between a real human body and the worn material. This led to the development of the next project, ‘White Pixel’: I decided to use a real human 

body (a male fitting model) for the toile adjustment and the photoshoot (Fig 96, Appendix 4). Also, I combined pattern cutting together with 3DP by replacing 

part of the garment in order to explore further the  integration between fashion construction, 3D-printed fabric and an actual human body. However, I still found 

that the human body was still being considered as a ‘passive receptor’ (3.2) (a model for the fitting and photoshoot) for wearing the 3D-printed design, and the 

role of the human body in my design process remained unclear. I further questioned: 1) what is it in the human body that interests me when I am using 3DP in 

my fashion and textile design and making process? and 2) how could the integration become more dynamic if new innovations/technology are introduced? 

Two speculative side projects, ‘Cyborg Skin’ and 3D-printed nanofibre, were built upon these questions. Cyborg Skin broadened and challenged my existing 

knowledge of what a human body means and what it could do in the future (self-sustainability). The 3D-printed nanofibre project enabled me to think about 

what a human body needs (extra thermoregulation) and how science (nanocellulose) and technology (3DP) can help the body to achieve it. My collaborations 

with an interactive designer (Nestor Pestana) and a material scientist (Dr. Yuanyuan Li) in these projects informed our completely different/contrasting 

approaches and thinking in terms of material and the understanding of the human body: while Pestana considered the human body in relation to its interaction 

with an object outside the body in an environment and Li examined micro-nanoscale material composition, I identified my interest in body shape, movement 

and its intimate as well as mobile interactions with the worn material from the point of view of pattern-cutting and the tactility of the material. As such, the body 

began to reveal to me that it might be the mediator/catalyst for generating my new 3D-printed work, because we (Pestana, Li and I) have all experience (3.2), 

understand and use the body in different ways based on our distinctively disciplinary expertise and skills.  
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The conference (1.3; Fig 79; 3.4.3; 7.3), contextual review (Chapter II), theoretical study and ‘Body Architecture’ project highlighted an essential period during which 

I intensively reflected on others’ work in terms of their different/contrasting approaches to, and opinions on, 3DP and the body. For instance, I used the conference 

to identify the opinions of 3D-printed fashion and textile pioneers about the importance of these differences when they develop their projects. I used established 

literature, such as Deleuzian theory and phenomenology, to understand the philosophical meaning of the body in order to underpin my practice-based work. The Body 

Architecture project allowed me to bring my knowledge of the body into a contrasting environment (an architectural programme) using newly learned parametric design 

skills. An increasingly clear interest in the dynamics and materiality of the human body (Fig 8) inspired me to continually incorporate the shape and details of the human 

body whenever I learnt a new way of creating geometries (parametric design). Due to the limitations of time and technology in this project I was not able to fabricate the 

parametric design, so I wanted to find out how the digital parametric design could perform on and interact with the physical human body. 

This question helped me to initiate the ‘Inter-fashionality’ project to unpack the importance of the human body in my fashion and textile practice, in which I use cutting-

edge parametric tools and 3DP. My presentation of a choreographed performance, the first time this approach has been used in a 3D-printed fashion and textile design 

project, particularly emphasised the dynamics (5.2) and materiality (5.3) of the human body. It extended the fluidity of the body by transforming a 3D-printed work into 

a moveable creation, adding another layer of fluidity/drapability beyond the already flexible 3D-printed and parametric textiles. Moreover, I realised that the body could 

be the mediator/catalyst for three pairs of opposite concepts, modernity and tradition, Eastern and Western design elements, and digital technology and craft (Chapter 

V). These new features influenced my next key project, ‘Fold-the-Interfashionality’, in which I used advanced 3DP (Sinterit) to develop more intricate textiles that were 

scrutinised more closely in terms of the relationship between the body and 3D materials with reference to the Beijing Opera, demonstrating that the human body can 

be considered as a mediator for eight pairs of opposites (Chapter VI). More importantly, informed by my knowledge of hands-on fashion and textile practice and the 

human body, I began to reinterpret conventional parametric thinking – relational thinking, as an oppositional relational thinking (parametric thinking 2.0 in 7.2.1). I thus 

developed my concluding argument that the human body functions as the mediator of opposites to generate innovative practices.  
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Project Name Bond White Pixel Cyborg Skin
3D-printed Nanofibre

(redacted)

Image

Project Type Main Project Main Project Side Project Side Project

Time November 2014 - January 2015 February 2015 - April 2015 March 2015 September 2015 – December 2015

My Role and 
Contribution

Main design concept, fashion and textile design and 
making, garment technologist 

Fashion design, garment illustration, garment 
technologist, 3D modelling, 3DP, photoshoot Fashion concept design, garment technologist Concept design, textile design, fashion design, garment 

technologist, 3D modelling, 3DP technologist

Collaborator 1 
Role and 

Contribution

Lin Zhang Leiting Jin Nestor Pestana Dr. Yuanyuan Li

Interactive technologist, design of face recognition 
technology and elec-tronically responsive server

Concept research and design, material and fabric 
sourcing, garment technologist

Graduate from the Design Interaction programme at 
the RCA;

Main concept design, film-making
Material science

Collaborator 2
Role and 

Contribution

Leiting Jin

Concept exploration and material sourcing 

Working 
Process

Zhang, Jin and I speculated about designing interactive 
textiles, and I decided to use face recognition technology 
to make moveable/responsive textiles. I began to research 
into wearable tech, smart textiles and 3DP. I designed a 
whole outfit using auxetic textiles (inspired by Wang and Hu, 
2014). At the same time, Zhang was experimenting with face 
recognition technology to design a system that could use a 
pinhole camera to capture the viewer’s facial expressions 
to activate the electronic rotating server; Jin sourced the  
purchasing of the technical equipment, such as the battery 
and the wires. From Zhang’s initial prototype, I then finalised 
the concepts into detailed designs as follows:  
-Design the electronic servers as a pair of earphones 
-Activate the fabric through the rotating fishing lines 
embedded in fabrics 
-Choose sports spacer knitted fabrics as the 3D hollow 
structure, allowing the fishing lines to move smoothly
-Design the auxetic textiles and laser-cut TPU material 
-Design the whole outfit with four areas (mask, back, hands 
and feet) of the garment that are combined with auxetic 
textiles 
-Construct the garment, textile with electronic servers, 
controlling lines, wires and pinhole camera
-Use a seated mannequin as an art installation for the final 
presentation 
-Film and photograph the design, edit the film and images

Jin had the main task of  gett ing consumers 
involved with the design process, referencing the 
customisation (Lipson and Kurman, 2013: 51) of 
3DP design. At the same time I was researching into 
3DP technology and practising my 3D modelling 
skills. Based on Jin’s research into the target group, 
combining the knowledge of 3DP and 3D modelling 
I have gained, I then began to design garments and 
textiles using hand-drawn sketches (Appendix 4) and 
digital 2D/3D software: Rhino and Adobe Illustrator. 
At the same time, while Jin was sourcing and 
purchasing fabric to match the 3D-printed materials, 
I was responsible for 3DP at  RapidformRCA (a 
hub within the Royal College of Art, which has 
been providing facilities for 3DP and 3D scanning 
for over a decade). Later, we worked together on 
pattern cutting, a garment toile, 3DP post-treatment 
(removing supporting structures), garment sewing 
and 3D-printed textile attachment. Finally, I was 
responsible for photographing the design. 

Pestana provided the overall concept: he wanted to 
design a group of cyborgs who can hack their body 
and obtain daily supplements such as nutrients and 
water from the garment and the body’s circulation 
system. I further enriched his idea by designing 
garments with a simple silhouette and sectionally 
folded textures that mimic human  skin. We chose 
rubber-like latex materials in both semi-transparent 
skin colour and black, and these acted as the second 
layer of the cyborg’s skin. The black garment/skin 
base can absorb heat, and this enables the skin-
coloured part (folded textures) to restore energy from 
sweat evaporation. I made three outfits using black 
latex, folded and sewed skin-coloured latex on the 
top, and cut out the black latex that overlaps with 
the folded structure in order to show the human skin 
underneath. Pestana was in charge of filming and 
editing.

This is an ongoing research project, which will be redacted 
from this thesis. Dr. Yuanyuan Li is a material scientist at 
KTH Royal Institute of Technology in Sweden, a specialist 
in cellulose-based biocomposites for energy-saving 
structural materials. When I first visited Li’s lab at the 
Division of Biocomposites at KTH in 2015, I was surprised 
by the fact that the cellulose she developed was manually 
extruded from a syringe into am alcohol solution. In order 
to develop a phase-change smart textile that can respond 
to the temperature changes in the environment and the 
human body, I proposed to use an FDM 3D printer to 
print nano-cellulose and Li experimented with introducing 
paraffin into nano-cellulose. I was not only responsible for 
digitally printing the nano-cellulose provided by Li, but 
also for designing the 3D textile structure and designing 
the garment using these textiles. Li will also evaluate the 
wearability of the design in terms of issues such as the 
most effective temperature range and material comfort. 

(The project details have been redacted, and please 
contact the author if more information is needed. )

Fig 78. Chronology of practice-based work (1)
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Project Name Conference
Body Architecture

(Osmotic Aquatic)
Inter-fashionality Fold-the-Interfashionality

Image

Project Type Main Project Side Project Main Project Main Project

Time May 2016 July 16 June 2016 - October 2016 May 2017 - December 2017

My Role and Contribution Organiser Concept design, parametric design, 3D modelling, 3D rendering
Concept design, textile design, 3D modelling, parametric design, 

3DP, textile dyeing, 3D-printed garment assembling;

Performance concept design, director, organiser and coordinator

Concept design, digital textile design (3D-printed pleating and 3D 
weaving), fashion design, pattern making, garment technologist, 3D 

modelling, parametric design, 3DP

Performance concept design, director, organiser and coordinator 

Collaborator/contributor 1
Role and Contribution 

Professor Clare Johnston Harry Pickering Yingju Li (main collaborator) Dr. Tsai-chun Huang

Chair of panel discussion Concept design, parametric design, 3D modelling, 3D rendering Concept design, fashion design, pattern making;
Performance concept design 

Concept design, hand-made pleating design and making, fashion 
design, pattern making, garment technologist

Performance concept design, director, organiser and coordinator

Collaborator /contributor 2
Role and Contribution

Dr. Clare Pajaczkowska Aya Mohanna Studio Night Clear 19 (collaborator) Zenghui Qiu (contributor)

Opening speech Parametric design, 3D modelling, 3D rendering Setting, music and lighting design The consultant for the Chinese Opera project and instrumentalist for 
‘Fold-the-Interfashionality’ project

Collaborator /contributor 3
Role and Contribution

Fergal Coulter (speaker) Jo Cook Hexagon Collective (collaborator) Yongning Zhang (contributor)

Engineering researcher at Nottingham Trent University in 3D 
printing on inflated substrates and dielectric elastomer artificial 

muscles
Parametric design, 3D modelling, 3D rendering Setting, music and lighting design Performer (character Bawang)

Collaborator /contributor 4
Role and Contribution

Behnaz Farahi (presenter) Luke Crook (collaborator) Tian Xia (contributor)

Architect from the USC School of Cinematic Arts, researching 
into 3D-printed body architecture Choreographer, dancer Performer (character Yuji)

Collaborator /contributor 5
Role and Contribution

Troy Nachtigall (speaker) Waddah Sinda (collaborator) Chen-yang Xu (contributor)

Researcher from the ArcInTex ETN network, studying 3D-printed 
footwear and wearer behaviour Choreographer, dancer Digital instrumentalist

Collaborator /contributor 6
Role and Contribution

Filippo Nassetti (speaker) Peng Xie (contributor) Yu-Ray Pei (contributor)

Designer from Zaha Hadid Architects, interested in using 
parametric modelling and generative design to make wearables Technical support in parametric modelling Set design

Collaborator /contributor 7
Role and Contribution

Oliver Smith (speaker) Filippo Nassetti (contributor) Justin Farndale (contributor)

3D printing design consultant from Stratasys Strategic 
Consulting Technical support in parametric modelling Lighting design

Working Process

I was responsible for overall planning of the conference, 
including writing the conference theme, generating the panel 
discussion, organising and inviting speakers, booking space, 
coordinating filming/video recording, conducting interviews, 
writing publicity releases, circulating the event internally and 
externally, composing the welcome speech, organising a 
social event after the conference, editing and sending a video 
recording of the conference to contributors.

During the conference, Claire Pajaczkowska, RCA Senior 
Research Tutor in Fashion and Textiles, gave the opening 
address. At the conclusion, Clare Johnston, RCA Professor of 
Textiles and Senior Research Fellow, chaired a panel discussion 
on the questions around interdisciplinary collaboration, 
3D-printed fashion and the challenges of this technology.

This collaborative project was produced from an intensive ten-day 
course organised by the Architectural Association (AA) to study the way 
the morphological growth of coral could inspire design (solo work) and 
translate ideas into architectural (group) projects by using parametric 
modelling tools. During the solo study, I experimented with using 
parametric tools on a human body shape to discover different ways in 
which digital technology can inspire new designs. 

During the group project, Pickering and I designed the overall concept 
of an interim-scale body architecture as a design solution to deploy a 
modular system of experiential inflatables at various levels of buoyancy 
that mediate one’s fear of being in open water with detriment to existing 
natural life such as coral reefs. While Pickering and I were in charge 
of the overall design aesthetics, Mohanna and Cook helped with the 
parametric modelling, 3D modelling and 3D rendering.

In ‘Inter-fashionality’, Li and I generated the 3D-printed qipao and 
the overall ideas for the performance. Li designed the overall pattern 
of the qipao; I designed and 3D-modelled the 3D-printed hexagons 
and textiles to construct the whole qipao; together we chose specific 
3D-printed patterns; I was responsible for 3D printing, dyeing and 
assembling the 3D-printed qipao; I was also a coordinator, bringing 
all those involved together, arranging rehearsals, organising the 
performance, writing publicity releases and inviting the audience; 
Studio Night Clear 19 and the Hexagon Collective worked together 
to produce the setting, music and lighting; dancers Luke Crook and 
Waddah Sinda choreographed and performed the work, based on 
the project story.

In the ‘Fold-the-Interfashionality’ project, I not only transferred Huang’s 
folding patterns into the 3D model and was responsible for 3DP; I also 
redesigned the folding pattern based on a human body shape and 
created the woven pattern; although we designed and made the two 
outfits together, I took the lead in the overall decision-making: I decided 
to emphasise the theme of joining opposites, and, following the previous 
year’s black geometric setting, included both traditional instruments 
and electronic music in the performance, digitally projecting the 3D 
model onto the textiles the performers wore. Huang was responsible 
for the hand pleating design and making. He also shared the duties 
of coordinator in this project so that I could put more effort into the 
performance and 3D design.

Fig 79. Chronology of the practice-based work (2)
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3.2 RESEARCH APPROACH

The research approach represents my path/the lens through which I view the world. It is the tool with which I situate, delimit and define my research as distinct 

from other relevant topics. I used a phenomenological approach in order to view the research through fundamental human experiences. Research methods, 

however, are practical tools for researcher to gather data. The chapter will also explain the five research methods used, and specifically clarify why and how 

these particular methods were used and what the advantages and disadvantages were.

Phenomenology aims to explore fundamental human lived experiences (Polkinghorne, 1989). French philosopher Maurice Merleau-Ponty formulated the theory 

of embodiment in his most important writings, such as The Phenomenology of Perception  (1945), The Primacy of Perception  (1964) and The Prose of the World  

(1991). ‘Central to Merleau-Ponty’s phenomenology is an awareness of the body not as a passive receptor of outside stimuli, but rather as the medium through 

which we experience the world’ (Negrin, 2016: 115). Although Merleau-Ponty himself does not address the phenomenon of fashion in his writings, fashion 

researchers have recently embraced Merleau-Ponty’s thinking and stated its importance in understanding the embodied and corporeal aspects of fashion: 

Yeseung Lee (2012), based on Merleau-Ponty’s corporeal theory, researched into the experiential making process. Ellen Sampson (2016) used Merleau-

Ponty’s phenomenology to look into the relations between the wearer, maker and the artefact, in her case footwear. Joanne Entwistle (2000) concentrated on 

the female corporeal experience of dress, and Llewellyn Negrin (2016) emphasises fashion as an embodied practice.

There are three aspects of phenomenology that influenced the research. First of all, the material and corporeal nature of the body was emphasised in Merleau-

Ponty’s work. ‘While social theorists have paid much attention to the constitution of the body by culture, there has been a tendency to view the body simply as 

an effect of social systems of signification which its fleshly nature has been neglected ’ (Negrin, 2016: 120), a ‘direct description of our experience’ as stated 
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by Merleau-Ponty (1954: vii). There is a practical form of knowledge that is embedded in our ‘actual experience/factual existence’ (Merleau-Ponty, 1954: 256), 

guiding our interaction with the world. Based on textiles practice for fashion purposes, this research works closely with tangible materials and the physical 

human body. From this point of view, I would suggest that the research could contribute to a very practical understanding of phenomenology through tangible 

materials, design and corporeal practices. So this revealed that the first meaning of ‘the body’ is our physical/corporeal human body. 

The second aspect is the inseparable relationship between the body and the mind; neither the mind nor the body should be examined individually. Merleau-

Ponty fundamentally counters the mind-body dualism as presupposed by Cartesian dualism and sought to prove that ‘it is mistaken to conceive of the body 

as a thing that exist apart from us… Our bodies never leave us. Rather, they are the medium through which we come to know and experience the world, and 

as such they are inextricable part of our being-in-the-world’ (Negrin, 2016: 116). What can be revealed from the discussions above is that through the body 

we know the world, and through the world we reflect on our body (physically and mentally). It thus addresses the second aspect of ‘the body’: that is, my 

thoughts/mind. I considered fashion as a bodily and tactile practice, strongly linked with a practitioner’s experience, and I could never approach the human 

body, bodily fashion practice and my thinking separately; they are all integrated. Each time I wrote about a specific material, issues such as how the material 

was designed, why I chose a specific theme or techniques: the practices are linked with the physical human body, and are also the reflection of what is going 

on in my mind. So this research is very much about my journey of working with practical 3D-printed designs, and my body/mind is my way of ‘experiencing 

and belonging to the objective world’ (Merleau-Ponty, 1954: 19).

Lastly, Merleau-Ponty’s theory is not only about the individual as separate from others, but also about the relationship between individuals and the social 

world they experience and live in. ‘It is a fate for me… to be unable to reduce myself to anything that I experience’ (Merleau-Ponty, 1954: 419). Individuals are 
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shaped by the engagement and interactions with others. The interactions not only refer to the physical environment, but are also associated with our interaction 

with other peoples (Negrin, 2016: 118). This revealed the third aspect of the term ‘body’ in this research: that is, others. Although I have not intensively 

discussed other ‘bodies’, from time to time encounters with others (collaborators, group members and performers) have been reflected.

3.3 METHODOLOGY

3.3.1 WHAT IS METHODOLOGY?

Methodology has been defined differently according to various scholars, and the meanings of methodology and research approach sometimes overlap; it 

could be said that both address the question ‘how do we know the world, or gain the knowledge from it?’ (Guba and Lincoln, 1985: 14-15) and ‘these beliefs 

shape how the qualitative researcher sees the world and acts in it’ (Denzin and Lincoln, 2005: 22). However, distinct from a more general phenomenological 

approach, the methodology practice-based researchers use can be more individual and creative. Mills (2014: 32) suggests that methodology ‘determines how 

the researcher thinks about a study, how they make decisions about a study and how they position themselves to engage firstly with participants and then with 

the data generated/collected’; Savin-Baden and Major (2013: 40) believe that methodology ‘is a theoretical analysis of the methods and principles appropriate 

to a field of study’. That is to say, ‘methodology is tied to the outcomes desired by the researcher’ (Mills, 2014: 32), and is more associated with a researcher’s 

attitude towards this data and the generation of original work, such as thinking, writing and practical designs.

Secondly, practice-based researchers in art and design are tempted to design their own methodology, rather than framing their entire research into an existing 

type of enquiry. Flexibility and creativity in the application of methodology should be considered in order to create a tailored tool to match the research 
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questions and desired outcomes (Mills, 2014: 36). Art and design research matters, in relation to social science’s qualitative research, because the ‘first-

hand empirical knowledge’ (McNiff, 2008: 31) of art-based research can be regarded as complementary to science, since scientific research often attempts 

to get results that can be replicated in experiments and to diminish experience to core principles, while many art- and design-based researchers embrace 

differences, dynamics and the variety of individual experiences (McNiff, 2008: 30). Fashion researcher Ellen Sampson (2016) defined Entanglement as her 

methodology, Catherine Dormor (2012) developed Material Matrices as her methodology and Rachel Philpott (2012) introduced Entwined Approaches through 

folding textiles in order to merge design, art and science in practice research. In other words, the existing and more popular research methodology might 

not be the most effective approach for art and design researchers, considering the differences between art and science. Another reason is that this research 

is interdisciplinary. For instance, I always find that the systematic thinking of science and the intuitive personal experience of the artistic approach can be 

used together, as McNiff (2008: 39) clarified: ‘science assists arts-based research through its emphasis on systematic inquiry, art enhances the process of 

discovery in science by its responsiveness to the unexpected’. Therefore, compared with fitting this research to an existing methodology, creating a type of 

enquiry through original methodology seems more convincing, as McNiff (2008: 34) has stated: ‘the art of the art-based researcher extends to the creation of a 

process of inquiry.’ Although I acknowledge standard categories of methodological approach, I tended to define my own methodology.

3.3.2 PARAMETRIC THINKING AS RESEARCH METHODOLOGY

As mentioned in 1.3, parametric thinking was originally derived from the application of parametric design in architectural design, and it highlighted that 

architects can benefit from the relational thinking embedded in the digital tools in order to produce complex and novel designs (Karle and Kelly, 2011). Karle 

and Kelly (2011: 111) referred to parametric thinking as relational thinking for linking digital techniques with design, practice, historical and theoretical study 
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seamlessly in architectural pedagogy; Sanguinetti and Kraus (2011: 39-47) proposed to use parametric thinking to correlate designers’ sensory experience 

with algorithm-based tools and physical making; Moussavi suggested (2011) not only using parametric tools to achieve novel shapes, but also to relate 

parametric design and thinking to the complexity of our actual lived environment; Oxman and Gu (2015: 2) considered that PDT requires architects to 

connect their basic architectural knowledge with abstract, mathematical and algorithmic thinking while designing. I acknowledge these aspects of parametric 

thinking in this research: for instance, in combining design concepts, contextual study, the sensory experience of the human body, and craft knowledge with 

computational/mathematical/algorithmic digitisation and fabrication. 

However, the fundamental difference between these studies above of parametric thinking as relational thinking and parametric thinking as it refers to a 

methodology in this research is that I identified relational thinking as oppositional relational thinking based on my research interests and design experience 

of working with conflicting elements. By changing the parameters in a digital algorithm/definition, the design outcome changed dramatically and even 

transformed it into extremely unlikely opposites, such as Jacques Lucke’s design that changes from a round ball to a hedgehog shape (Fig 80). The second 

difference is that parametric thinking as oppositional relational thinking not only discusses creating new forms of design specifically with the help of cutting-

edge parametric tools, it also signifies a model of methodological thinking: the generation of original knowledge by joining conflicts and bouncing between 

Fig 80. Geometrical transformation byJacques Lucke
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dissimilar elements in different disciplines and even cultural contexts, such as digital and hand-making, as well as modernity and tradition. In this sense, 

oppositional relational thinking is one of the elements of parametric thinking, as I am interested in opposing elements and I build algorithms as well as 

methodological thinking to mix these elements (Fig 156) to generate varieties of outcomes. As such, it explains the previous discussion on the nature of 

methodology: parametric thinking as a creative methodology represents my research stance.  

Extending this parametric thinking to fields other than modelling, I also found that many other dissimilar elements can be changed, interchanged or mediated 

through the algorithm-based digital technology of 3DP; listed in Appendix 2.2.1 are examples of the transformation of colours, material rigidity, material 

flexibility in the design application. The concept of mediation between opposites is similar to the ‘soft logics’ of the fold identified by Pennina Barnett (1999: 

26): she argued that the binary could only provide fixed terms such as ‘either/or’, but soft logics offer many possibilities through its flexibility between binaries. 

Rachel Philpott (2012) further enriched this thinking through her own folding practice in combination with Deleuzian folding, demonstrating that the recognition 

of the connection between absolute opposites could encourage unforeseen creativity to occur. However, what I want to emphasise through parametric thinking 

is not only the creative softness or dynamics between oppositional realms, but also the transformation, the mediation and even the graduated possibilities 

between opposites, which fundamentally echo the digital changes made possible by parametrical tools.

There are five research data generation methods (Fig 81) that were used to generate the most important data in this research: speculation, theoretical studies, 

communication, collaboration and performance. 



57

This data was then collected in photographs, sketches and video and audio recordings (Fig 82). In general, there are five stages involved in the data 

handling process. First, I immersed myself in the collected data, reading the texts and watching the visual materials over and over again. Filing and cutting 

the data (Savin-Baden and Major, 2013: 421) were the next data handling methods in this research. Images and articles, for instance, were filed into broad-

theme folders, such as fashion, performance and 3DP. I cut out the less relevant materials later on, such as bio-3DP and 2DP, and some more relevant 

keywords were then extracted and highlighted, such as digital fashion, 3D-printed textiles and fashion. Coding the data was the next step involved: I began 

to summarise and describe the data from the 'actual language' (Savin-Baden and Major, 2013: 422) and images of the sources, such as philosophers’ 

statements and designers’ work, and to analyse this data ‘based on my experience’ (Savin-Baden and Major, 2013: 422). For instance, I questioned whether 

their work was different from/the same as my work? Do I agree or disagree with their work? Why, or why not? This process helped to categorise the data into 

1) objective data, as shown in the Fig 82, such as scientific or theoretical data from describing and reporting others’ work, and 2) subjective data from my 

analysis. Afterwards, this data was converted into key themes and concepts in both visual and textual formats through analysing methods such as keyword 

analysis, comparative analysis and/or phenomenological analysis. In the end, the data outcome formats in the thesis are text, images, films and infographics.

Fig 81. Five research data generation methods, Mingjing Lin
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Fig 82. Data collection, handling process, categorisation, analysis, outcome formats 
and methodology parametric thinking, Mingjing Lin
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The core of parametric thinking as my methodology is the bouncing between and joining of conflicts. I always noticed conflicting differences between cases 

and collaborations, such as hand-making and digital making, the architectural way of making body-oriented 3DP and the way of making patterns in fashion, 

and sought to combine the different elements in various disciplines together through my making. During the data collection, parametric thinking to a certain 

extent encouraged me to select strong binary elements, such as qipao , a type of traditional Eastern dress joined with 3DP, which was primarily found in 

Western design practice. In the following stage parametric thinking is reflected strongly, since I do not only categorise data into conflicting objective and 

subjective data, but also aim to join them together in an analysis. Similarly, in the later chapters I systematically analyse the specific movement of a fabric in 

relation to the body, but at the same time I stated my decisions, subjective thinking and even just irrational thoughts that happened during the making process, 

which I call here subjective data.

Referring to Coyne and Snodgrass (1991: 125), there is the situation of ‘dual knowledge’, which constitutes ‘two ways of thinking – logical, analytical and 

rational on the one hand, and subjective, idiosyncratic and irrational on the other’. As Newbury has pointed out (1996), the clear division of the two hampers 

the successful development of art and design research, and a more dialogical and interactive relations should be built between the different research 

traditions, both practical and academic. I advocate what Philpott (2012) also argued: that through her folding practices the balance between scientific and 

artistic approaches could accurately address both the technological and poetic aspects of interdisciplinary textile development. 

These arguments reinforced the interdisciplinary nature of this research. For instance, considering that 3DP and parametric modelling were not originally 

designed for fashion or textiles purposes (1.3), and the fact that not many fashion practitioners accessed the technology at a more sophisticated and research 
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level, some observations are based on my understanding and experience, as a qualitative approach (Savin-Baden and Major, 2013: 5), and also on scientific 

and analytical knowledge such as specific algorithmic and material compositions, which require an accurately quantitative approach to reach the planned 

outcome. It is very much about Newbury’s opinion that art and design research can foster connections between various disciplines, creating a mixture of both 

sides. 

The infographics are in a way a good example of how I combined logistical and objective information (words and their relations) with an intuitive and artistic 

approach (designed graphics). In art and design research, visual structures, such as diagrams, matrices, mind maps and charts, as described by Gray 

and Malins (2004:145), offer potential ways of looking at textual data, analysing data creatively and in the end, ‘making sense of them.’ (Gray and Malins, 

2004:143). Following the parametric thinking concept of joining dissimilar elements, I used many infographics, which combine both visual and textual 

knowledge. Infographics echo what Donald Schön called ‘the language of designing’ (1983: 81), through which designers connect the verbal (such as talking 

and texts) and the non-verbal (drawing) together in order to describe what is in their minds. The infographics appear at the beginning or end of every chapter, 

either highlighting key words, demonstrating the relations between the writing and the practical elements, visually unravelling the hidden logics and tacit 

knowledge, or offering conclusions from/analysing miscellaneous data. Infographics are one of my key tools, a way of communicating, bridges from the written 

to the virtual to the tactile, as if an artistic formula, calculating the research in both logistical and intuitive ways. This hybrid method of translating the data did 

not weaken either aspect; in fact, it can strengthen both sides and makes the information more accurate and clearer to wider audiences: as Laurel Richardson 

notes (2005: 964), ‘science is one lens; creative arts another. We see more deeply using two lenses.’ 
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3.4 RESEARCH METHODS

According to Savin-Baden and Major (2013: 40), methods are specific ‘steps or actions taken’ by researchers to conduct a study. I used, as mentioned, five 

particular methods. Some of the methods explained below were used only once; some were constant during the whole research journey. In this section, I will 

critically analyse each method through examples of work, including the advantages and disadvantages, and how the methods affected the project.

3.4.1 SPECULATION

According to Dunne and Raby6, most people think design is intended to solve definite problems, which could be called an explicit design approach. Another 

method is speculative design, which was theorized (2013) by Dunne and Raby in the book Speculative Everything. Design in this process is considered as a 

tool to investigate what the possibilities might be. 

At the beginning of this research (or sometimes at an early stage of a project), the speculative design method was used to explore the possibilities of 3DP 

related to fashion and textiles design. The advantage of the speculative design approach is that it enables my imagination to flow freely. I was not restricted 

to one or two explicit research questions, but started to wonder about many different fields. The ‘Bond’ and ‘Cyborg7 Skin’ projects were two examples of 

speculative design. The aim of these two projects was neither to tackle specific problems nor to meet potential user needs, but to explore, test and even 

challenge the existing concept and design questions, as well as to potentially stimulate the imagination of others. During the 'Bond' project, I designed an 
6　Anthony Dunne and Fiona Raby are pioneers in speculative design education. From 2005-2015, they founded and led the Design Interactions programme at the RCA. The course encouraged students to 
explore interactions between humans and technology in design.
7　The term cyborg is short for ‘cybernetic organism’, and was first coined by Manfred Clynes and Nathan S. Kline in the 1960s.
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interactive and 3D-printable textile, which can be activated by two electronic servers to move and change the pattern of the textile according to the different 

data collected by face-recognition technology. This project explored the potential human-machine-material interactions rather than solving specific design 

problems encountered by current textiles practitioners. What is more, speculation seems suitable for gathering potential knowledge in a relatively short time. 

As an early-stage researcher, my knowledge was not sufficient to formulate explicit research questions. So speculative design offered more opportunities to 

see, think and get the ideas quickly, without immediately requiring in-depth knowledge.

However, the drawbacks of speculative design emerged when the research became more specific and the topic was narrowing. First of all, speculative design 

can provide broader but not necessarily deeper knowledge. The more speculative the approach I used, the more areas this research would spread to. The ‘Bond’ 

and ‘Cyborg Skin’ projects involved some unexpected subjects, including auxetic structure, facial-interaction technology and kinetic smart materials, as well 

as biotechnology. So the focus ultimately moved from the starting point of this research, which was the innovative use of 3DP in fashion and textiles, to many 

other topics. I therefore found it difficult to stay focused and come up with a solid research question. In addition to this, speculative design can be considered 

less supportive for researchers who have already established their research questions. Once the research is narrowed to one or several specific questions, 

speculation might pose a threat to directing the research into something too far away from the initial goal. 

3.4.2 THEORETICAL STUDY (LITERATURE STUDY AND CONTEXTUAL STUDY)

I grouped the literature studies and the contextual studies together, as they both offered a theoretical way of narrowing down the research and helped 

the research to be contextualised into the body-related field within a 3D-printed fashion and textiles context. Discussions about fashion and modernity, for 
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instance, gave the research fundamental support in arguing for the inseparable relations between the development of technology and fashion and textile 

design. Learning about relevant earlier work by researchers such as Jane Harris enabled me to understand the influence of specific 3D-related technology.

Apart from the evidence I could access through books and online sources, I also conducted a conference and interviews to closely examine pioneering 

practices of 3D-printed fashion. Through these theme-oriented/contextual studies, the research was framed within an in-depth examination of a subject and a 

specific topic. Without the conference ‘Digital Fashion: 3D Printing for Designers’, I would not be able to identify the two key terms for this research: ‘body’ and 

‘parametric design’ (1.3). Although all of the researchers to a certain extent are engaged in body-related practices, none of them work from the perspective of 

garment/pattern cutting and fashion construction discuss 3D-printed wearables. Another aspect is the application of parametric software and other materials 

with degrees of possibility from, for instance, rigid to flexible, soft to hard, which I later concluded is an example of parametric thinking that addresses fluidity 

and changeability between conflicting elements

3.4.3 COMMUNICATION

The conference (Digital Fashion: 3D Printing for Designers) as an effective communication and research method, especially face-to-face interviewing and 

conversations (panel discussion at the conference) with pioneers in 3DP and 3D-printed wearables, has been significant to the development of my project. 

The reason why I conducted the conference is that the current major sources for the documentation of 3DP in fashion and textiles are various media and 

exhibitions, magazines, social media and exhibition catalogues. Until now, this field has attracted little academic research specifically on the application of 

3DP in fashion and textile design (1.3), which encouraged me to do this research and discuss with pioneers the ‘truth’ (their making process, decision making 
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and their thinking) that is often hidden from media and visual imagery. During the conference, there was one face-to-face interview with Behnaz Farahi and 

a panel discussion with the other four speakers (Filippo Nassetti, Fergal Coulter, Troy Nachtigall and Oliver Smith). The questions put to the participants can 

be found in Appendix 4. The data from the interviews and the conference was collected in video recordings. These recordings have been stored on personal 

secure hard drive and online cloud storage (shared with the five conference contributors only). The data handling followed the general processes mentioned 

in 3.3.2. The data was analysed through keyword analysis and comparative analysis. According Savin-Baden and Major (2013: 435), there are three types 

of keyword that are important to analyse, frequently repetitive words, unusual words and words in context. For instance, I extracted the keyword ‘parametric 

design’ (Fig 6), as it constantly appeared in the speakers’ presentations. I then compared how different speakers understand and approach parametric design 

in their practice with my understanding in a fashion and textile context. As discussed in 1.3, the term ‘body’ in Fig 6 seems to be an unusual word that was not 

very clearly addressed by the speakers in different context. So I reflected on what I mean by the concept of the body (dynamics and tactile experience), and 

compared my understandings of the body with that of others, specifically the five speakers.

The advantage of conferences is to establish knowledge exchange communities where researchers can 1) gain new knowledge and 2) build up connections 

to improve their research. In another word, the conference helped me discover the focus of 3D-printed fashion and textiles on ‘parametric design’ and ‘the 

body’, while the event opened the new connections for my research. To be more specific, in order to distinguish their approach from that of other academic 

disciplines such as social and natural science, Cooper (1995: 14-21) argued that design researchers should use available means, such as professional 

journals and conferences, to let their voice be heard. When discussing design research and doctoral education in design, Newbury (2000: 60) pointed out 

that conferences are evidently a helpful contribution to sharing knowledge and establishing communications, as well as communities, among researchers. 

Valentine (2018: 767-768) addressed the importance of conferences for fostering partnerships, new concepts and communities. She particularly mentioned 
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attending conferences as a tool for researchers to learn about the latest information across varied and/or similar fields, directly contacting authors and 

creators, testing newly developed research concepts and methods with peer groups (Valentine, 2018: 768). Therefore this underlines Rebecca Earley’s point 

(2018: 121) that presenting at and reflecting on conferences as one of the ‘new communication, management and facilitation’ skills and methods is of great 

value for textile practice and research, as these offer her opportunities to further deeply and rigorously evaluate/examine the knowledge created from the 

conference through communications with others.

Indeed, these advantages of the conference mentioned above helped me to develop my project through 1) gaining new knowledge from analysing the 

conference content (interview, panel discussion and speakers’ presentations) and 2) building up connections for further collaborations. First, as explained 

in 1.3, I extracted and summarised two important keywords/fields for further investigation from the actual content of the conference (speakers’ presentations 

and panel discussions): parametric design and the human body, which later formed the research structure (1.4) and contributed to the generation of new 

knowledge of parametric thinking 2.0 (7.2) as the originality of the research. Second, during the conference, I built up connections with those who later 

supported the development of this research. After the conference (May 2016), I joined a generative coding training programme by one of the speakers, 

Filippo Nassetti, which was part of the AA visiting architectural programme in August 2016. I thereby created the project Body Architecture, understood the 

architectural perspective of the human body and learned the animation software MakeHuman, parametric design software Processing and Grasshopper. I 

thus used these skills and a knowledge of modelling to create the 3D-printed qipao for the ‘Inter-fashionality’ project (October 2016). The work-in-progress 

textile development of ‘Inter-fashionality’ attracted the attention of the CEO of iMakr (one of the largest desktop 3D printer retailers), Wei Liu, who attended 

the conference I organised and invited me to show my work at the iMakr digital show in September 2016. During this show, the founder of Sinterit (a Polish 

3DP company) was interested in my approach of using 3DP in wearables and agreed to form a collaboration by sponsoring my next project, ‘Fold-the-
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Interfashionality’ (November 2017). In this sense, the research would not have been possible without the conference.

As the conference organiser, I also gained new knowledge from organising and curating the conference, because this helped me to enrich the content of my 

research and identify key research areas. Specifically, at the initial stages of planning the conference, I researched intensively into all the influential 3D-printed 

fashion and textile practices, and had a more structured theme and title: ‘Digital Fashion-3D Printing for Designers’. This study of the work of others later 

formed the contextual review (Chapter II) of this research. What is more, I invited all the potential speakers (such as Iris van Herpen, ThreeASFOUR, Philip 

Delamore and the five speakers). It was this curated theme, in the end, that attracted the five participants. Although Behnaz Farahi was not able to present at 

the conference itself, due to her schedule, she agreed to be interviewed beforehand and include our interview recordings in the conference. Because her work 

correlates more closely with mine than that of the other four speakers, I changed the conference strategy: to interview Farahi with more detailed questions (from 

education and work experience to design and making process) and then select the most relevant questions (collaboration, technological innovation of 3DP 

and the human body) to ask the panel to prompt further discussion around these key areas at the conference (Appendix 4). This resonates with the reflections 

of Marsha Bradfield and Katrine Hjelde (2018: 10, 24) on their co-research investigation through co-organised conferences at the University of Arts London: 

that new knowledge lies not only in the actual context of the conferences they create, but also in the construction and production of the conference. I therefore 

firmly believe that the notion of the conference as a channel of communication and as an important research method should be underlined in this chapter.

However, theoretical study and communication can also be misleading, because they are fundamentally built upon others’ experience and opinions. There 

needs to be sufficient reflection on my own work and analysis in order to articulate the relationship of others’ work to my thinking. 
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3.4.4 COLLABORATION

There has recently been increasing interest in collaborative approaches in qualitative research due to more complicated research issues and more diverse 

research questions (Savin-Baden and Major, 2013). Contemporary textile practitioners are more frequently using co-design methods (Valentine, Ballie, 

Bletcher, Robertson and Stevenson, 2017). The development of technology contributes to the growth of collaboration, as ‘individuals are increasingly aware 

of the limitations to their knowledge and skill in a complex technological and interactive world’ (Poggenpohl, 2004: 139). As mentioned, 3DP was not originally 

designed to be used in fashion and textiles. Although avant-garde practitioners have been experimenting with 3DP since the 1990s, it is still unusual to find 

curriculums in higher design institutions that focus exclusively on designing 3D-printed fashion or textiles, and the co-design approach has still occupied the 

majority of 3D-printed fashion and textiles practices till now (Chapter II). Neither of the fashion design courses I attended (Tsinghua University and London 

College of Fashion) included 3DP as part of their formal curriculum. Thus, my lack of knowledge of 3DP and 3D modelling in the early stages of my research 

led me to seek collaborators who were more familiar with these technologies.

Based on my experience, there are two features of collaboration worth mentioning here: one is that collaboration often crosses disciplines, meaning that I 

have tended to collaborate with practitioners from other fields, or at least those who do not share exactly the same educational and working backgrounds. 

The differences facilitated a mutual attraction. Out of curiosity, in the ‘Bond’ project, I collaborated with interactive designer Lin Zhang, who specialises in face 

recognition technology. I wondered how technology could motivate textiles through human facial expression, while he was also curious about the potential 

of this technology for body-oriented practices. Another is that in order to process the collaboration smoothly, there is a common interest or agreement at the 

beginning, as well as constant negotiation afterwards. During the ‘Bond’ project many problems occurred, such as where to position the electronic server, 
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how to transfer the machine movement to move the fabric, where to position the battery and how long the battery could last for an exhibition. Coming up with 

solutions to the problems through the interaction and communication between/among the collaborators enabled the project to be completed.

In this PhD research, most of my projects have been collaborative. The main advantage of collaboration is that it allows me to ‘think outside of the box’ of 

where I am used to being, because it helps me to gain new knowledge through access to many other fields/tools/techniques/technologies, such as interactive 

design, software Processing and nano-technology, that I would never be brave or comfortable enough to engage with otherwise. Each collaborative project 

brought up new perspectives beyond my prior expectations, many of which are considered as boundary-testing innovation generated from the co-creation 

process (Degnegaard, 2014: 104). For example, without Lin Zhang’s understanding of facial recognition technology in the ‘Bond’ project, I might not have 

thought of the idea of changing textile patterns in relation to human facial data. Similarly, the ‘Cyborg Skin’ project allowed me to explore the future human 

through science fiction; the ‘Interfashionality’ project encouraged me to rethink conventional Chinese pattern-cutting; the ‘Body Architecture’ project helped me 

to understand coding and architectural practice.

Another consequence of collaboration was the disagreement/conflict between different parties, such as the main collaborators and/or other contributors. 

Indeed, conflict troubled me when I was collaborating with others. However, I believe that the advantages of having conflicting opinions outshone the 

disadvantages in this research. During the ‘Body Architecture’ project, different views were voiced by one of the group members, an architect who initially 

did not support the idea of body architecture. In the end, we came up with the idea of making the design modular and inflatable, so we designed an interim-

scale object between the body and architecture. Conflicts first enabled me to appreciate the differences, perspectives and boundaries of the opponents, and 
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it further allowed me to reconsider my position carefully: Why and how did the conflicts happen during the collaboration? Had I invaded someone’s territory 

without informing them? What was the boundary? Following a re-examination I rethought what I believed is right. In order to propose my stance and offer a 

challenge, sufficient study and research of knowledge for the argument are needed. 

On the other hand, practitioners might rely heavily on collaboration. For example, these designers would stay in their comfort zone of designing rather than 

investigating areas of new knowledge or pushing the limits of their skills. I would never advocate this type of collaboration. When I started to use specific 

technology, I needed support from experts. But working towards the later stages of the project, when I was more comfortable with parametric design, I tended 

to work by myself to maximise my understanding of a specific technique. I would appreciate this as a way to be open to dissimilar things, so that I could find 

my own way of being innovative. In other words, the importance of collaboration for practitioners is not only to solve problems together, but also to enable 

more possibilities to happen (Poggenpohl, 2004).

4.3.5 PERFORMANCE 

There were two performances, ‘Inter-fashionality’ and ‘Fold-the-Interfashionality’. My role in the development of these performances can be found in Fig 79 and  

will be analysed in 7.3.

In this research, performances function as a mode of 1) testing the printed textiles, and 2) presenting the design to broader audiences.The first function 

enables me to test the material properties of 3D-printed textiles more closely through scrutinising the interactions with the human body. Performance is 
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extensively engaged with bodily choreography. Many complicated and challenging movements are presented through performances because of the wide-

ranging natural capacities of the human body’s mobility (Blumenfeld-Jones, 2007). The intimate relations between 3DP textiles and the body is thus recorded 

and analysed by filming the performance, comparing the motions in software such as Adobe illustrator, and adjusting the design on the dancer. The fluidity 

of the material and changes in motion could then be tested in more detail compared with a commercial fashion catwalk or static exhibition, which is the way 

most designers present their 3D-printed fashion or textiles. Since motion is the central mode of performance (Blumenfeld-Jones, 2007), the idea of the mobility, 

fluidity and changeability of the printed piece can be emphasised strongly through performance. Both ‘Inter-fashionality’ and ‘Fold-the-Interfashionality’ 

involved studies of body movement with the 3D-printed textiles. 

Additionally, I chose performance as a presentation method because it reflects the fact that sharing research through public presentations 1) helps the 

researcher to ‘clarify, control and evaluate’ the research (Wisker, 2001), and 2) enables the researcher to get ‘analytical responses from others’. Both can help 

the research to be developed further (Wisker, 2001). When planning to perform the projects, I needed to ask myself what kind of message I wanted to deliver, 

and to whom? The title, location, date, press release, project catalogue, poster and guest list are all practical elements composing the message, and needed 

to be carefully curated. Choosing the audience, for instance, is a particularly challenging and equally exciting process. In order to get the most relevant 

and critical responses, researchers from higher education fashion and textile contexts (UAL, the RCA and the V&A) were the primary audiences. To obtain 

technical responses and support from other disciplines, others, such as the 3DP company Sinterit, eSun, materials scientists and engineers from Imperial 

College and Cambridge University were invited to the performances. There were several members of the audiences with a background in fashion and textile 

design, or who work for companies such as H&M and Vivienne Westwood, or who showed an interest in design research, who also gave critical feedback on 
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the performance. All of the public engagement activities enabled the research to be part of the shared community of research, which ‘shares ideas and moves 

forward through sharing’ (Wisker, 2001).  

I did not gather feedback data from the audience and participants after the ‘Interfashionality’ performance, as the focus of this work was to identify the human 

body’s effect on the design and making process of 3D-printed fashion and textiles. However, the importance of this opportunity to gather data was recognised 

and later put into place for ‘Fold-the-Interfashionality’. Huang and I designed two different forms of questionnaire: a detailed one (page 326) for the performers 

and instrumentalist, as we expected their responses to the project to be closely related, and a general questionnaire via Google Forms (page 327) given to the 

audience for the performance, as we wanted to encourage a wide range of feedback. Before the performance, we conducted a video-recorded interview with 

the two performers and the instrumentalist to ask their opinion on three aspects: the relationship between technology and tradition; the relationship between 

body movement and language, and the cultural influences of this project. After the performance, we collected feedback data from the audience through the 

Google Forms questionnaire sent out via email. These recordings were stored on a personal secure hard drive and in online cloud storage (shared with Huang 

only). The data was analysed using keyword analysis (see Participants’ responses in Appendix 4). For instance, I highlighted words/responses that were used 

frequently by the audience and participants, such as ‘weird’, ‘strange’ and ‘interesting’; I then further reflected on the reasons why the audience/participants 

made these comments (6.4.2) and whether these responses are evidence of the originality and innovativeness of the ‘Fold-the-Interfashionality’ project. I also 

reflected on words/phrases/sentences used in the feedback that related to the context, such as ‘light and graceful for the concubine; dark and strong for the 

warrior’ (6.4.1), which showed that the audience had understood the ambivalent/oppositional context I had created for the performance. By extracting more 

unusual words/phrases/sentences in the feedback, such as ‘Why 3DP, and why pleating?’, ‘Why Beijing Opera?’, ‘Too Chinese’ and ‘What is it about traditional 
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and historical experiences that can be reintegrated into the future horizons and uses of the technology?’ (6.4.3), I began to analyse the aims and background 

of the performance (6.1.1). Singular words/questions, such as ‘what did the actors say about how they expected to interact with their costume normally as part 

of traditional gestures?’, helped me to reflect on the performers’ experience and their shifting opinions (from ‘ I cannot imagine it’ to ‘I accept it’) of the new 

3D-printed costumes (6.4.3).

However, performance is also a momentary event, and beauty is ephemeral. It develops a ‘motional vocabulary’ (Blumenfeld-Jones, 2007) giving everyone 

involved (audience, performer, musician, etc.) an almost one-off experience. No one can anticipate that each movement is going to be exactly same as it was 

the last time. This brings unique data every time, from the rehearsal to the final performance. The uniqueness of the data forms this research in this way that 

would not be possible otherwise. It is different from an exhibition: the lighting and other aspects of the set-up can be adjusted well in advance of the exhibition, 

and do not need to be changed; once the exhibition is set up, viewers can come and go, visiting several times. As for the performance, the lighting, music, 

performers and so on, only stay for a moment. 

Furthermore, because putting on a performance took a lot of effort, and involved so many people at the same time, the ephemeral extensiveness and often 

overwhelming process can be challenging. There was a danger of getting distracted by too much unnecessary data from various stakeholders and events. 

This happened when I tried to collect feedback data from the audience after the performance. Some feedback was useful, but some was not relevant to the 

research. Also, as Pelias (2008) identified, one of the challenges for performance is to present a seamless understanding through body language by the 

audience, ‘there may be, however, slippage between what the body knows and what it can say and between what the body says and what an audience can 

interpret’ (Pelias, 2008). 
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There was a requirement for me to continuously revisit the original questions and evaluate whether the data was needed. One of the key issues during data 

analysis was to remember my position as a fashion and textile researcher. This is not research driven by performative inquiry, in which the performers use their 

skills and bodies as an exploring tool to probe new knowledge. In performative inquiry, the lines between researchers, dancers and choreographer are blurred 

(Pelias, 2008; Blumenfeld-Jones, 2007). Towards the end of this research (7.5), however, I realised that the way I used the performance as a method was more 

like that of a director. As shown in the Fig 83, I gave a central concept to the dancers and choreographer. From their different interpretations and alterations, 

the different circles in the illustration, I chose the most relevant area, which was probably the intersecting area. The dancers and choreographers thus are the 

carriers and they project my thinking to the outsiders/audiences, allowing me ‘to speak through them’ (Pelias, 2008: 189). Performance is thus not a primary 

method for design within this research, and was considered as a testing and presenting method for the 3D-printed textile and fashion design.

Fig 83. Relations among director, dancer, choreographer and audience, Mingjing Lin
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3.5 SUMMARY

These five research methods functioned in different theoretical and practical ways, and have advantages, but also drawbacks. According to the summary (Fig 

84), speculation, communication and collaboration are three methods that have been applied in every project. Probing new ideas, communicating and sharing 

information with pioneers, as well as exchanging knowledge with peers, reinforced the exploratory and interdisciplinary nature of this research. The verbal 

recordings were merely mechanical memos of the laboratory work with less consideration and discussion of my thinking and decision-making during practice. 

The last two projects are the core cases when theoretical/literature/contextual studies and my own practice were interwoven and presented through the means 

of artistic performance; new interpretations of parametric thinking have emerged. 
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5
Fig 84. An summary of methods, Mingjing Lin



76

CHAPTER  IV   SLIDING PARAMETERS

SLIDING PARAMETERS
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4.1 BECOMING

What, specifically, does ‘mediation’ mean? Why would mediation be associated with creativity? Deleuze’s writing has taught us that thinking is an experimental 

and even transgressive activity, which creates new concepts and 'new relationships' (Braidotti, 2013: 157, 183). For Deleuze, the role of theory today is about 

estranging dominant norms with ‘unprecedented changes and transformation’ (Braidotti, 2013: 104). This fact to some degree reveals the positive aspect 

of transformation, which is beyond expectations and conventions but goes into an unknown and even conflicting situation which often paves the way for 

innovation. In this respect, one of the most notable explanations of this revolutionary idea in Deleuze’s philosophy is ‘becoming’ (Deleuze, 1988: 83), against 

the static/defined notion of ‘being’ (Deleuze and Guattari, 1980: 239). This links closely to the ‘A-ing’ and ‘not A-ing’ discussion in Appendix 2.

Although Deleuze’s concept of ‘becoming’ has rarely been used in fashion, Smelik (2016) proposed that Deleuzian theory could be encouraged to apply to an 

understanding of contemporary fashion. Becoming – a process of transformation and metamorphosis – indicates what Deleuze and Guattari (1980) have called 

the three terms: territorialisation, de-territorialisation and re-territorialisation. Territorialisation is like ‘the lines of articulation, segmentarity, strata and territories’ 

(Deleuze and Guattari, 1980: 3); ‘de-territorialization can be understood as a movement producing change. It operates as a line of flight, de-territorialization 

indicates the creative potential of an assemblage’ (Parr, 2005: 67); re-territorialization and destratification follow the 'lines of flight' (Deleuze and Guattari, 1980: 

9), movement. 

Smelik recently referenced these terminologies in explaining the ambivalent phenomenon of fashion: she suggests that terriorialisation in fashion is a ‘shifting 

and mobile’ centre and does not necessarily refer to fixed territories. Fashion on the one hand is a forever-changing and innovative activity (Smelik, 2016: 168), 
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while paradoxically it sets different rules for wearing clothes for different occasions/societies/culture or educates people to follow specific trends each season. 

Fashion is partly a culture in which avant-garde innovators endeavour to create never-seen-before clothes, while it is also a culture that in many situations is 

fundamentally embedded in the daily life of ordinary people, who follow various dress codes. De-territorialisation in this sense tells us to escape the territory 

as ‘a line of flight’, which operates as a transformative/changing movement. Reterritorialisation is one of the many outcomes of de-territorialisation, in which the 

de-territorialised components have a renewed and ‘stabilised’ status, and become another, even one that is an extreme/polar opposite. On the contrary, other 

components might still be in mobile relations where they are ‘conjugated, feed into each other or accelerate each other’ (Deleuze and Guattari, 1980: 88).

The difference in wearability and price of the garments, the complexity of concept and the effort put into design between Iris van Herpen’s fashion show/

presentation and her ready-to-wear collection is an example of the ‘transformation and becoming’ discussed above. Often, designers use advanced 

techniques, such as the 3DP technology used by van Herpen in the image below, to create fashion ‘showpieces’. These showpieces, presenting an 

extravaganza of conceptual work to the public, are the medium for designers to de-

territorialise representational ways of designing and to create new looks: even to define new 

ways of wearing. However, when it came to a production line or ready-to-wear collection, 

van Herpen considered eliminating 3DP for its disadvantages associated with price and 

material, and following the many established ‘rules’ (Loschek, 2009: 92) for garments, to 

make the design much more wearable. Thus, during this transformation designers found 

ways to generate a product based on the previous concepts or innovations that they had 
Fig 85. Autumn Winter 16 collection Lucid, 

Iris van Herpen
   Fig 86. Spring Summer 16 collection 

Quaquaversal, Iris van Herpen
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developed through de-territorialisation. The ready-to-wear garments below still used similar patterns to the 3D-printed dress, but the technique was changed 

to laser-cutting, which is more appropriate for a production context. 

What can also be revealed from territorialisation, de-territorialisation and re-territorialisation is that the process of transformation/mediation between conflicts 

can stimulate creativity. For instance, in the exhibition Manus X Machina , Andrew Bolton examined four practitioners whose work creatively fulfils the mediation 

of the ‘hand/machine dichotomy’ in 3DP for fashion (Bolton, 2016: 9). In their pioneering work, the separation between the hand and the machine was seldom 

evident, and has become ambiguous (Bolton, 2016: XVII): van Herpen has stated that the hand and machine in her design process are integrated and 

‘strengthen one another’. To mediate and combine the opposing elements, such as hand-making and machine-making, modern and traditional design, means 

to work on both sides, and to successfully go beyond the conventional norms of design, which enables ‘highly imaginative inventions’ (Bolton, 2016: 12) to 

become a creative synthesis. 

    

  

Fig 87. House of Chanel8, 2015, images in Bolton (2016: 58, 59)         Fig 88. ThreeASFOUR9, 2016, images in Bolton (2016: 158, 159)      Fig 89. Noa Raviv  10, 2014, images in Bolton(2016: 116, 117)  

8     Autumn/winter 15-16 by House of Chanel, designed by Karl Lagerfeld. Haute Couture 3D-printed overlay, hand-embroidered by Lesage　 
9　Hand-appliqué 3D-printed resin and nylon with white neoprene and nude nylon mesh, by ThreeASFOUR
10　Black and white 3D-printed part, hand-sewn tulle by Noa Raviv



81

Extended to a discussion of fashion, Deleuze’s concept of transformation is the opposite of Roland Barthes’ discussion of the fashion system, in which he 

suggested (1985) applying a linguistic framework/system to fashion. On the contrary, transformation is very much about breaking the structure, escaping the 

existing rules and being in a creative state. ‘Becoming’ is a creative transformation to encourage things to ‘become other’ rather than be framed in any existing 

system. In Deleuze’s concept, this creative transformation is strongly linked to ‘difference’. ‘Becoming’ is critical at both philosophical and practical levels; 

‘becoming’ for Deleuze stands for ‘becoming difference’, in which he defined ‘a world of presentation anew’ (Stagoll, 2005: 21).

Apart from fashion, ‘becoming’, as one of the key concepts in Deleuzian theory (Stagoll, 2005: 21), is also used in the context of art (Parr, 2005: 24). 

Performance art is an example. Adrian Parr argued (2005: 25) that ‘becoming’ offers an opportunity for us to view art as a ‘transformative experience’: thus it 

could be useful to articulate the dynamic changes in performance art. ‘Performances aim at producing an encounter or event, not in the simplistic sense that 

it “happened” at a particular moment in time, but insofar as it aspires to bring a variety of elements and forces into relation with one another’ (Parr, 2005: 26). 

The performances ‘Interfashionality’ and ‘Fold-the-Interfashionality’, are two cases producing physical encounters through which the interactions between the 

wearing of 3D-printed textiles and the human body (body shape and movement) were scrutinised: for instance, how does the material look/feel like when a 

dancer is wearing it to do a particular movement? These two cases can also be considered as a social event where the relations between the designers (myself 

and the other main designers), the performers, the audience and others involved are discussed, such as how the collaborator/performer/audience’s feedback 

affects my design and research focus. Essential to both physical encounter and social event is this idea of the ‘transformative experience’ (Parr, 2005: 25), in 

which the fluidity of the 3D-printed textiles and my thinking are emphasised in order to distinguish my work from that of other 3D practitioners. 
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4.2 MEDIATION AND NEWNESS 

Technology11 in some ways has helped me to reach beyond conventional definitions and beyond the limitation of the imagination. With the help of digital 

technologies, the concept of ‘becoming’ as a transformation from one thing to another, even to its complete opposite, is stronger. Applying the newest 

technologies to a field that they have not yet reached can potentially trigger innovation (Chapter II). This might sound abstract, but when we turn to examples 

of mediation in parametrical designs, the ideas of changeability and mediation to trigger innovation might be clearer. Apart from the transformation of the 

‘hand/machine dichotomy’ mentioned in the previous section, there will be three other categories of mediation in the following discussions, in order to explain 

‘becoming’ in a cross-disciplinary, digital modelling and fabrication context.

4.2.1 BECOMING ANOTHER – BEYOND THE DISCIPLINE

Innovatory technologies can enable designers to explore ideas and probe possibilities. Novel designs often challenge the concrete norms of a conventional 

discipline/territorialisation or even move beyond a general and terminological definition (a process of de-territorialisation), such as: what are shoes; what are 

clothes; what is fashion, and what are textiles? 

Examples of the application of 3DP technology in shoes addressed the discussion of ‘going beyond the discipline’ and connecting conventionally ‘unrelated’ 

things. Swedish designer Naim Josefi designed 3D-printed shoes which look like insect skeletons or leaf veins. Although they have the basic elements and 

general shape of high-heeled shoes – the heel, the sole and strap-like structure or a surface to secure the foot – opponents argue that they could not be 

11　The technology we discuss in this thesis mainly refers to cutting-edge technology that is only experimented with by a minority and might not yet have been used to produce well-known things. 
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considered as shoes to many because they are uncomfortable to wear and impede the wearer’s ability to walk naturally. Similarly to the work of Marloes Ten 

Bhömer and Rem D Koolhaas, their designs for 3D-printed shoes keep some of the irreplaceable elements of certain disciplines, such as the heel/height for 

high heels, but conceptualise other elements into their own design languages. These shoes do not exist in an ‘everyday wear’ context and are already on the 

way to becoming something else. It is this ‘A-ing’ and ‘not A-ing’, in between ‘A’ or ‘not-A’ (Appendix 2), the grey area between things, that makes the design 

intriguing.

In the ‘White Pixel’ project, carried out from February 2015 to April 2015, I collaborated with another fashion designer, Leiting Jin. It demonstrates a conceptual 

journey in which 3DP was able to become part of clothing people could wear on a daily basis. It questions the boundary of when 3DP can become a piece of 

garment and whether the garment can be replaced by 3DP; at the same time mobility and comfort are still considered. This project enables me to think within 

the current technical situation, and, by applying available materials, how 3D-printed design can challenge the boundary/territorialisation between clothing and 

Fig 90. Melonia Shoes, by Naim Josefi and Souzan Youssouf, 
3D-printed by Materialise, 2011

Fig 91. Rapidprototypedshoe, Marloes ten Bhömer, 2010 Fig 92. 3D-printed shoes, Rem D Koolhaas and Iris van Herpen, 
image in Fairs (2013)
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non-clothing and prompt the innovative transformation/ ‘becoming’.

The idea behind the design of this material is to experiment an innovative way of increasing the engagement between wearers/consumers and 3D-printed 

fashion design. Jin took responsibility for the overall concept of involving consumers with the design process, referencing customisation (Lipson and 

Kurman, 2013: 51) of 3DP design. She invited the target group (20-30 year-old male students studying science, technology and/or engineering at Cambridge 

University) to hand-draw their own pattern. I then transferred these rough sketches into 3D models using simple functions in Rhino software, such as extruding 

and piping, which allow lines and surfaces to become solid 3D objects in the software. To further cohere with Jin’s original concept of designing 3D-printed 

and customised garment, I had the idea of a 3D-printed fabric tool kit (Fig 93), in which consumers can chose/apply fabric pattern (panel on the left-hand side) 

made of 3D-printed materials to replace the part/parts of garment construction (garment illustration on the right-hand side). In other words, the 3D patterns 

were cut into the same shape as the pieces to be changed.

The places where a change had been planned were marked on the paper patterns of garments (Fig 94. 95). Then these areas were later changed into 

3D-printed textiles (Fig 96).



85

3D printing

open at side-seam

1N topstitch

3D PRINTING FABRIC KITS

shoulder

pocket surface

collar suface

tie

sleeve surface

neck line

front cover

coat collar

bow tie 

1N topstitch

3D printing on top 
of lazer cutting 
fabric

not at the c.f seam,
more details on 
pattern

1N topstitch

asymmetry collar

semi-transparent
sportswear fabric 

button

semi-transparent
sportswear fabric 

2N topstitch 

1N topstitch 

3D printing bow tie

semi-transparent
rubber like fabric

button inside 

whole garment
raw edge 

 white spacious 
sportswear fabric

fill the gap with 3D 
printing

3D printing tie 
attached with 
cotton fabric on the 
top

3D printing fabric
replace the collar, 
see details on the
pattern  

3D printing fabric
replace the collar, 
see details on the
pattern  

facing is the same 
fabric as shell fabric

childrenswear
age 6-8

shoulder part
1N topstitch

visiable zip, attached with top

top cover, attached 
with press button

elastic band

lazer cutting
same pattern as 3D 
model

3D printing collar 
to replace the 
fabric

2N topstitch

no lining, bias 
bound seams for th 
whole garmet
white spacious 
fabric

2N topstitch

invisable zip

Fig 93. WHITE PIXEL project: illustration, Mingjing Lin (2015)
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Fig 94. Paper pattern marking and 3D-printed textiles were cut into the marked pattern, Mingjing Lin
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Fig 95. Paper pattern marking and 3D-printed textiles were cut into the marked pattern, Mingjing Li
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Fig 96. Photo-shoot , Mingjing Lin and Leiting Jin
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In this project, my contribution to designing and making clothing was stronger than my knowledge of 3DP, so searching for and understanding relevant 

technology and using the available/appropriate materials became a priority. I started to pay attention to knowledge beyond the fashion and textile disciplines, 

such as the material properties of 3DP and 3D modelling, and then sought out the possibilities of eliminating the boundaries between different disciplines (de-

territorialisation). I questioned, for instance, in terms of the material softness and flexibility, whether this type of 3D-printed material (Tango Grey) could be used 

in wearable design; if it could, how could I design, where should I place the 3D-printed patterns? In other words, in cross-boundary projects, using technology 

in fashion and a wearable context, it become obvious that as a designer the priority is to know where the boundary is and what is within and outside his/her 

repository in order to cross the boundary.

I chose material that was as soft as possible and which at the same time could be used to print complex geometries. The 3DP material is Tango Grey 

by Stratasys12,  a type of semi-flexible thermoplastic elastomer with rubber-like qualities. The corresponding technique and machinery is ObjectTM 

‘Polymerjet’ by RapidformRCA13. One of the later versions of this machine is Connex3 Objet500 (Fig 9). It can print multiple materials and colours. Fashion 

brand threeASFOUR used this to create the ‘Pangolin’ dress: with its interlocking structure and graduated colour. Two other currently popular 3D-printing 

technologies at RapidformRCA are FDM and SLA; Tango Grey surpasses FDM for its printing speed and for printing complicated structures, and is better than 

SLA in terms of material softness. Thus, Tango Grey was chosen for this project, in consideration of its softness and wearability. 

12     Stratasys: Founded in 1989, Stratasys is one of the largest 3D printers manufacturers and 3D service providers. http://www.stratasys.com/　
13　RapidformRCA, a hub within the Royal College of Art, has provided a facility for 3D printing and scanning for over a decade. 
https://www.rca.ac.uk/studying-at-the-rca/facilities/college-wide-facilities/rapidformrca/
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After realising and scrutinising the boundaries,  I began to challenge the possibility of embedding 3D-printed textiles into conventional garment constructions 

(re-territorialisation). When looking at the 3D-printed panels in the illustration without thinking about how they could be applied in a garment, they could be 

anything. But on the right-hand side of the illustration these designs are more garment-ish/clothes-like. As shown in the photo-shoot (Fig 96), these designs 

have already become or been transformed into ready-to-wear garments through the combination of 3D-printed textiles and other fabrics, and are not 

something that would be difficult to wear on a daily basis. The innovation could come from blurring the boundaries, or going beyond the boundaries of things, 

such as: what are clothes and what are non-clothes? What is fashion and what is non-fashion? What are textiles and what are not? The concept of ‘becoming’ 

thus translates this action of ‘moving-away’, from the fixed norms of disciplines to undiscovered and flexible terms. 

What is more, interdisciplinary exchange of knowledge amplified the innovative transformation: in this case, 3DP knowledge provided by RapidformRCA 

enabled me to think outside the realms of fashion and textile design, which emphasises the creative ‘becoming’ in making something unconventional. This is 

also the reason why a collaborative method was emphasised throughout the whole research: designers from various disciplines, such as architects, interactive 

designers and opera performers, joined most of the later projects.
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4.2.2 BECOMING IN DIGITAL DESIGN 

The next ‘becoming’ that nursed creativity is the application of digital software, mainly parametric design software. Through examples of three14 types 

of software, I will introduce and explain the morphological changes that appear in design. The transformation from one thing to another, even if they are 

completely different and opposite, was made possible by relational and parametrical changes using parametric software. Variation in design is thus provided 

for designers to be more creative, and enables the easy construction of complex geometries in comparison to the use of more conventional ways of modelling, 

such as solid modelling and surface modelling. 15

The first example is the Blender software, which is mainly used in animation but is also considered useful in creating certain parametrical and complex 

geometries. The video (Fig 97, 98) shows a Blender visual scripting system for the motion graphic Animation Node, which was designed by Jacques Lucke: 

this can turn a circular geometrical shape into one with many pointed tentacles. By changing the parameters in the built algorithm, parametrical and relational 

changes appear. This not only offers many possibilities for designers (the images are under only six frames during the transformation), but also saves time 

for designers compared to relying on more conventional solid modelling software to add, remove, shape or even create geometries by using ‘machine-shop 

vocabulary’ such as extruding, drilling and chamfering (Lipson and Kurman, 2013: 93). Admittedly, learning and making the algorithm can be very frustrating, 

since it requires a certain level of mathematical or computational coding/scripting knowledge, which is not a primary skill for fashion and textiles designers, 

even for architects or designers, who might be more familiar with the modelling software. But once the algorithm is built, it simply involves changing the 

14　Although there are many types of parametric software, I found these three software programmes were the most practical during my project related to 3D printed textiles.
15　According to Lipson and Kurman (2013), there are two major types of software for design modelling. One is solid modelling, that offers a library of physical geometries such as spheres, cylinders and 
cubes, and designers can add, cut and remove by using the functions. Another type is surface modelling, which started from animation. The shapes are wrapped by  ‘mesh’, that is to say they are designed/
defined by a ‘virtual fishing net’ constructed in regular polygonal geometries.
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parameters to generate more possibilities. This variety and efficiency are part of the reason why parametrical design is superior to conventional 3D modelling 

systems (1.3). Thus many designers/scripters these days are developing add-ons16 for more conventional solid modelling software such as Rhino and the 

surface modelling software Blender.

16　Software add-on refers to an enhancement or extension for software adding other functions cannot be found from the standard software setting

Fig 97. 6 moment shots by Animation Node, Jacques Lucke (2015)
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Fig 98. A cube transformation by Animation Node,Jacques Lucke (2015)
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Another example of changing/transforming effects came from a course I attended in 2016, which mainly involved using parametric design (generative 

software). Organised by the Architectural Association (AA), this was an intensive ten-day course to study the morphological growth of coral to inspire design 

(solo work) and translate ideas into architectural projects (group work) by using parametric modelling tools. Processing and Rhino were the main software 

programmes used. Process is an open-source programme used for disciplines such as media art and visual communication. I was also taught about a 

simulation scripted by Filippo Nassetti. This simulation is based on a Processing platform and can grow coral-like geometries on top of designed points, 

lines and surfaces; the geometry changes and can be exported into editable shapes according to a different time period. The black-framed images in Fig 

99 demonstrate how the simulation runs on the Process platform, and many geometries are grown/formed based on the selected object, points and lines in 

this case. The upper images in Fig 99 are the corresponding geometries that could be edited through software Rhino and potentially printed out using 3DP 

technology. 

Fig 99. Process recording using simulation scripted by Filippo Nassetti
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During the solo study, however, I was interested in how this simulation could grow on a more dynamic surface (Fig 101-105) rather than lines, as in other group 

members’ work (Fig 100), especially on a human body shape, and more importantly to discover different ways that digital technology inspires new designs. 

Growing coral needs a reef, so, inspired by British sculptor Jason deCaires Taylor’s work Human Reef, I decided to grow digital coral (run from the simulation) 

on the human body. I questioned whether bridging the boundary of human and coral could be considered as a way of designing innovative geometries: can 

coral become part of the body, or the body become part of the coral? I thus ran the simulation on the upper body, including the head, neck, shoulder, arm and 

hand (Fig 102, 103). The body was a mesh geometry (Fig 102), meaning that the geometry was built through small surfaces, in this case triangular. The joining 

points (Fig 103) of the meshes were chosen to grow (run) the simulation. The originally smooth surface became an object like coral, rough and prickly (Fig 

104,105).

Fig 100. Geometries designed by other group members (Aya Mohanna, Harry Pickering and Jo Cook) show a morphological study of lines
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During this digital transformation, my interest as a fashion designer in the human body and the dynamic surface increased in importance  (3.1 and Appendix 

4 – 3D Printable Body Architecture). This interest firstly inspired me to think about the shape of the human body and its details whenever I see or learn a new 

way of making geometries. Since this was an architectural programme, participants did not necessarily think about this simulation’s application for human 

body-related practices, and as a result all the other group projects were on an architectural scale instead of considering a smaller body scale and delicate 

details. However, as a fashion designer, an awareness of the human body is what I contributed to our group (the only team consisting of a combination of 

an architect, a fashion designer and a fine artist). Although we had conflicting opinions, negotiations resulted in us (the only team) eventually designing 

body-scale architecture, much smaller than buildings and larger than wearables. This in-between scale made our designs distinct from either a functional 

building (as a shelter) or a garment: mobile and wearing devices that humans could interact and play with. I felt that the concept of the body is valuable in this 

collaboration since it always reminds me to consider human-scale interaction: could it become a garment? Could the body move if it was worn? This is perhaps 

what distinguishes my work from that of others in this architectural programme. It is thus linked to the second aspect: my interest in, and the advantages of, 

understanding the human body. Will my background help to bring something new when applying architectural tools to fashion and textile design? With the 

help of 3DP, this digital aspect of modelling could be even more explicit, since it involves direct fabrication. So the digital becoming/transforming as a practical 

explanation of mediation indeed generates something different/new, especially considering my unique position as a fashion designer when using architectural 

tools. 

The third software is a widely used algorithm-modelling system, Grasshopper(GH) for Rhino. I used this mostly during my PhD practice, so I will introduce this 

software in relation to the ‘Interfashionality’ and ‘Fold-the-Interfashionality’ projects.
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Fig 101. Body-like geometries designed by Mingjing Lin, 2016
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Fig 102. Human body mesh and the corresponding points generated from the mesh for ‘growing’ geometries, Mingjing Lin, 2016
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Fig 103. Human body mesh and the corresponding points generated from the mesh for ‘growing’ geometries, Mingjing Lin, 2016
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 Fig 104. Coral geometries growth based on the human shape, Mingjing Lin, 2016
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Fig 105. Corel geometry and the human body, Mingjing Lin, 2016
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4.2.3 BECOMING IN MATERIAL AND ITS MOVING MOMENT

From the point of view of the materials, there is also research on how to bridge the boundary between materials and provide a wider range of possibilities, 

such as material that becomes softer or harder through a digital setup (Appendix 2.2.1). To 

reiterate, changing the digital setting on current 3D printers could provide many options for 

liminal opposites/poles; multiple material properties are thus shown within one piece, which gives 

designers more freedom to create. Similarly, multiple colours can now be printed within an object, 

and many designs are in full colour. For instance, Francis Bitonti’s pixelated shoes with graduated 

colour were printed on a Stratasys 3D printer in 2014. The XYZ da Vinci printer is another example: 

this can print a full range of colours based on the 2D-printing colour model CMYK, meaning that 

this colour technique offers the same colour range as that widely used for 2D printing. Although 

the functionality and aesthetic of these designs is arguable, what can be seen from the cases is 

that more and more complex techniques are appearing and influencing fashion.

The changes and variations described above, in terms of softer and more flexible materials, are encouraging more and more fashion and textile designers to 

use 3DP to create complicated projects. However, as fashion and textile designers came later to 3D modelling software and 3DP applications, as explained in 

Chapter I, the body-oriented applications used by them are sometimes limited by the need to model flexible geometries and the requirement of softer material 

for print. Specifically, many current 3D-printed body-related projects do not consider the shape of the human body and body movement compared with the 

approach of fashion designers; thus they sometimes lack the sense of dynamism and material movement. Some earlier projects designed by van Herpen in 

Fig 106. 3D-printed pixelated shoes designed by Francis Bitonti, 
image in Howarth (2014)
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collaboration with architects, such as her ‘Skeleton’ dress (Fig 16), might be too rigid to be worn and 

lose the beautiful fluidity of textiles.  

This aspect links with the previous discussion of the concept of ‘becoming’ used to explain 

performance. Although this research does not focus on performance art, the moving body is an 

important aspect of my interests. I have always been interested in the potential of the changing 

effects and behaviour of materials on the movement of the human body, notably in my two 

early speculative projects ‘Bond’ and ‘Cyborg Skin’. ‘Bond’ is a project that was carried out in 

collaboration with the interactive architect Lin Zhang and the fashion designer Leiting Jin, in which I 

was the concept designer and garment maker. In the ‘Bond’ project (Fig 78, Fig 107-109, Appendix 

4), I used a 3D-printable auxetic structure17 and face recognition technology to enable the textiles 

to interact with viewers and move the material. I placed this material on the back and front of the 

body and the face, to test different behaviour changes. The later major ‘Inter-fashionality’ and ‘Fold-

the-Interfashionality’ projects were both influenced by this earlier one: I chose the actual humans 

and invited a performer, because their mobility brings another layer of fluidity to the already flexible 

material, enabling an emphasis on the concepts of fluidity and ‘becoming’. 

17　Auxetic structure is a kind of structure that becomes larger/thicker perpendicular to the applied force. 

Fig 107. Bond project photoshoot, 
Mingjing Lin, 2014
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Fig 108. ‘Bond’ project close-up, Mingjing lin, 2014 
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Fig 109. Bond project sketch, Mingjing Lin, 2014
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‘Cyborg Skin’ (Fig 78, Fig 110-111, Appendix 4) is another speculative project I was involved in, in which RCA graduate Nestor Pestana was the main concept 

designer and I was the garment concept designer and maker. In this project, Pestana imagined a group of cyborgs who can hack their body and get daily 

supplements such as nutrients and water from the surface of their skin. Their skin surface is something different from their body’s skin, being another layer 

above the body’s skin that merges with clothing.

Although ‘Bond’ and ‘Cyborg Skin’ did not mainly focus on 3DP, they echo what has been discussed about becoming beyond disciplinary transformation. 

They question the definition of disciplines: what is, and what is not, garments/textiles/fashion and the human body, by challenging their primary functions. They 

emphasised the importance of the human body and human interaction. Can a piece of textile have digital sensors and even become part of a human body? 

Fig 110. Cyborg Skin project, costume designed and produced by Mingjing Lin, 2015 Fig 111. Cyborg Skin project design close-up, Mingjing Lin, 2015
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What is the relation between our bodies and worn textiles?

The discussion above thus triggered another important aspect: that is, transformation in a material aspect. I, as a fashion designer, am questioning whether my 

understanding of material-based practice can bring about a new transformation in design. On the other hand, whether those transformational changes brought 

by digital technologies could generate new formats of material for fashion and textiles?

To sum up, this chapter has discussed using opposites, such as hand-making and machine-making, as well as digital and tangible, in design development 

that can result in innovation. ‘Becoming implies a different way of thinking about human identity: not rigid and fixed from cradle to grave, but fluid and flexible 

throughout life. Human identity is capable of morphing into new directions, participating in movement, crossing a threshold, finding a line of flight, or jumping 

into the next plateau’ (Smelik, 2016: 167). Referring to this quotation, in this paper ‘becoming’ comes from joining conflicts, even between opposites: the 

design transforms from one thing to another, for example as cross-disciplinary products, or shape and material going from rigid to flexible, smooth to rough. 

Because mediation is not a ‘fixed and rigid’ term, but has a fluid and flexible status (Smelik, 2016: 167), I found that uncertainty and dynamics often bring new 

formats for things. ‘Becoming’ might encourage a way of thinking about design, not in a fixed structure, but in a fluid and creative manner. Admittedly, there 

might be other concepts that explain why ‘becoming’ is related to creativity in the application of 3DP for fashion and textiles, such as ‘becoming’ in the making 

process, or ‘becoming’ in production, but, as contextualised in the scope of this research (section 1.3) and thesis structure/the model of the research (Fig 8), I 

will only discuss dynamics and materiality closely in this thesis; more potential aspects await discovery in the future.
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INTER-FASHIONALITY



109



110

CHAPTER  V     INTER-FASHIONALITY

5.1 INSPIRATION

The changes in the Chinese qipao18 from the 1920s to the 1940s offered an ambivalent continuum (Zhu, 2014: 90), where traditional craft met modern making, 

Eastern culture encountered Western aesthetics. The qipao was chosen as an inspiration essentially for its relevance to the concept of bridging opposites 

through cultural exchange and interdisciplinary collaboration. 

To be more specific, from ancient times to the present day, people have long sought to understand the relationship between clothes and the body through 

various techniques. Qipao’s unique transition in terms of both culture and shape encouraged me to reconsider the relationship between the body, garments 

and their intimate spaces. The fluidity of qipao making and the dimensional thinking of dress culture bring new ideas (5.2) for developing 3D-printed fashion 

and textiles. 

There are other links between the qipao and 3DP. Just as in the history of the qipao , the specific tailoring skills of cutting, sewing and ironing techniques 

differentiate the understanding of the body, dress and space. 3DP as an advanced technique offers new ways for fashion construction and textile fabrication. 

Also, the qipao and 3DP are both on a temporal spectrum of waste minimisation techniques, as the former uses a conventional one-piece making method, and 

18　  The qipao/cheongsam is a type of traditional Chinese garment that was originally designed to be wide and loose. It is one of the only traditional forms of dress that have survived the transition to modern 
dress without losing most of its traditional characteristics (Li, 2014: 9), and it is still popular on many occasions today. The period from the 1920s to the 1940s marked the qipao’s remarkable transition from being 
cut from purely flat pattern pieces to dimensional construction in its pattern-cutting (Li, Zhu and Sun, 2014). The pattern-cutting changes are an embodiment of the shifts in Chinese dress and culture in the period: 
women started to show their body shape, become more modern in style, open-minded in aesthetics and have strong opinions and be generally independent (Sun, 2014: 5). Influenced by Western aesthetics from 
the 1920s, local tailors from the area around Shanghai shaped the qipao more closely to the body to cater for the needs of their customers (upper-class women or celebrities). However, they continued techniques 
which involve shaping one piece of fabric into curves, by using ironing (归拔 ) and changing the lapel (挖大襟 ) (Zhu, 2014: 115) rather than creating darts. The ‘one piece’ illustration shows how the garment was 
constructed; the front and back are not separate pieces and there is only one cut, from the neck to the arm. Thus the newly developed qipao  kept the overall appearance of the traditional design while it embodied 
Western fitted beauty.
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the later constructs a whole piece of design by using contemporary additive technology. Although qipao and 3DP seem to be situated in dissimilar contexts 

(based on different time and places), they are connected through time and across bases, which supports the oppositional and relational features of parametric 

thinking (3.3.2).  

As mentioned (3.4.4), while the similarities initiate a collaboration, exchange between differences further optimises this collaboration. ‘Inter-fashionality’ is a 

collaborative project between my former fashion tutor Yingjun Li and me. He is an associate professor in the Fashion department at Tsinghua University and 

we were both at doctoral research level when we collaborated (Yingjung Li completed his PhD19  in December 2016). While my research focuses on body-

oriented 3D-printed textiles and fashion, his looks at how conventional Chinese dressmaking, pattern-cutting and fashion culture from the 1920s to the 1940s 

influence current fashion practices. 

Although following two distinct PhD projects, we both look at the possibilities of bridging the gaps and probing dialogues between opposite notions such 

as tradition and modernity, Eastern and Western design elements, and between hand-making and machine production. These dialogues, also known as 

creative transformation/becoming (4.1), were made possible by the constant dialogues between Li and I. We combined, mixed and exchanged our expertise 

in unlikely partners, such as 3DP and qipao, in order to stimulate experimental fashion and textile design, as well as conceptual performance. Therefore, this 

collaborative project in digital fashion with 3DP has two aims, one that celebrates the innovations made possible by cutting-edge technologies (3DP and 

parametric design, specifically) and the other that involves a reconsideration of traditional craft knowledge.
19   Yingjun Li completed extensive research into the history of the qipao  during this period and compiled the findings in his book Enduring Fragrance: Exhibition of Cheongsam Culture with a research group from 
Tsinghua University.　
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Fig 112. Last Emperor Puyi and the Last Empress Wanrong, image in Li (2014: 13)  Fig 113. Ironing techniques to mould flat fabric into 3D by changing fabric yarns, Mingjing Lin

5.2 BODY DYNAMICS AND FASHION CONSTRUCTION

The moulding techniques that traditional Chinese tailors have used are evidence of a basic difference in understanding the body. ‘To cover the body, but 

not to wrap it’ (' 贴身而不贴肉 '), is how Muxin, a Chinese contemporary writer and artist, described the qipao pattern (Muxin, 2001: 54): this offers useful 

information about how Chinese people see the dimensional relationship between clothes and the body (Li, 2016). In traditional qipao  pattern-cutting, a more 

fluid, interactive and natural relationship between the garment and the body is adopted, and the individual characteristics of human bodies give the qipao  a 

‘redesigned’ look each time it is worn (Li, 2018). 

There is a certain spatial distance between the body and the garment, and the volume is just enough for body movement, as shown in the Fig 112. 

Aesthetically and technically, tailors value the natural relationship between the body and clothing and obscure the shape of the body. Natural relationships 

also can be found throughout the garment-making process. Although that era (1920-1940) witnessed the adoption of a Western aesthetic of fitted garments 
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and mass-produced clothing in Shanghai, tailors still retained their ironing techniques to mould the garment 

shapes in order to make them fit the body, and avoided the classic Western darting techniques, which would 

give a more explicit outline of the body. Tailors used ironing techniques to manipulate the warp and weft of 

woven textiles by using different temperatures, pressure, humidity and pressing duration (Fig 113). Tailors cut 

the main body in just one piece, as in the Fig 114, from the book Enduring Fragrance: Exhibition of Cheongsam 

Culture. There is only one cut seam, from the neckline to the arm. The front and back are sewn at the side 

seam. Using ironing techniques only, the fabric is shaped from 2D to 3D then constructed into a garment 

without the need for darts.

Inspired by 2D and 3D transformations (without darts and with fewer stitching stages involved) and the fluidity 

of qipao , I started to reflect on 3DP. Qipao making demonstrates a subtle transformation from a 2D fabric to a 

tailored 3D garment by the technical moulding of the textiles and direct construction of the garment pattern in 

one piece. Tailors combine textile, fashion and technical knowledge into qipao  making in order to emphasise 

the flow of the worn fabric and its fluid interaction with the human body. Considering the lack of awareness of 

the human body in 3DP fashion and textile design, as contextualised in Chapters Ⅰ and Ⅱ, the project was to 

discover, based on the available 3DP, whether fashion designers could integrate our knowledge of pattern-

cutting, textile making and the sensibility of the worn material into parametric 3D-printed design for achieving 

this dimensional and body-oriented fluidity. Fig 114. One-piece qipao pattern cutting,  
images in Zhu (2014: 119)
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Fig 115. One-piece garment designed, Mingjing Lin and Yingjun Li. Pattern making, Yingjun Li

The toile was designed by Li, based on the qipao ' s one-piece structure. The design, especially the re-designed collar, emphasises the one-piece concept, 

and also an extreme transformation from 2D to 3D. The images below show the different appearance of the flat paper pattern and the garment. My challenge 

was to enrich the idea of 2D and 3D transformation by designing flexible textile structures that are 3D printable and applicable to this pattern. I needed to 

consider, for instance, how to design small pieces that can be 1) fitted into the available 3D printers at the RCA, 2) constructed into a whole qipao  pattern, 

and how to design the appropriate smallest elements within each piece in order to match the body shape and movement. These initial requirements led to 

the necessity to create a 3D-printed mesh, which has flexible supporting structures that allow each divided piece to be linked and to have different material 

properties.
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5. 3 DIGITAL AND TANGIBLE TEXTILES FOR BODY 

The 3D-printed textiles were designed simultaneously with the garment toile. This textile-related way of making reflected the additive nature of both textile 

design and 3DP, in which material is built additively. I conceived a design strategy of filling a garment ‘frame’ (pattern) with 3D-printed textiles; I refer to the 

process of achieving a piece of flexible material as a textile process of using ‘threads’ to link a variety of ‘beads’. I imagined that the textiles had two layers: 

the threads, as an underlying supporting mesh, can link the ornamental beads above them, and these beads can be varied and modified according to various 

design and aesthetic requirements. In order to achieve both the aesthetic and the practical value of 3D-printed textiles, this joining of the embellishment into 

a structural pattern embeds the methodology of parametric thinking – that is, to combine oppositionally functional and ornamental elements. This section will 

introduce the process of designing the smallest element, sample testing and transferring the design onto the garment. 

I was inspired by patterns (Fig 116) designed by Alessandro Zomparelli, via his own programmed plug-in, Tissue, for the animation software Blender. My 

conception of the double-layered textile structure is realised in Zomparelli’s design: the cells on the top layer, as ornamental beads, can potentially be 

designed in any shapes, and the zigzag threads act as a flexible and stretchable substrate, or scaffold, for the ornamental options for the cells. The use of 

Fig 116. Pattern example of Tissue created by Alessandro Zomparelli (n. d.)
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zigzag threads to construct a mesh is a clever idea, and a very relevant one in the context of my research. First, if the distance between the two cells is the 

same, the zigzag threads can provide more length and thus more flexibility than those linking the two with a straight line. Furthermore, the zigzag threads 

afford a stretch-like behaviour, which allows degrees of drapability while wearing or shaping the textiles. This kind of pattern overall allows an overall freedom 

to create decorations on the surface while maintaining the wearability of the decorations by flexibly linking them into a fabric-like mesh. Also, this structure 

helps the textiles to be both rigid in terms of material properties and flexible/stretchable in relation to structure. In this way, the design follows the concept of 

transformation between opposites (ornamentation and functionality; rigidity and flexibility/stretchability).

Aiming to make this pattern with more variety and to relate to the human body, I did not use the original software, Blender, because it has less controllability 

in terms of the cell/bead size, density of pattern and thickness of the linking structure. The parameters are very limited. Instead, I went back to Rhino to 

design this complicated pattern with more intricate controllers and interfaces. I started the experiment by using parametric algorithm-based design tools, 

eVe|Voronax and Grasshopper (GH). Both of them were supplementary plug-ins to the Rhino software for parametric design. It is worth mentioning that the 

development and popularization of parametric tools have given designers more access to various fields. Conventionally, the main application of Rhino is in 

architecture and product design, which do not always require flexible/intricate construction in the way that textiles do, let alone wearability (considering body 

movement and body shape). Recently, parametric design has shown its importance. There is an increasing demand for this type of design and the developer 

of Rhino software recognised this trend and the significant need for designers to use algorithm-based functionality to design more complex geometries. Thus, 

since early 2018 Rhino has officially included Grasshopper in the latest version, Version 6, which proves again that the research is very much linked with the 

development and accessibility of advanced technology.
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Fig 117. Pattern 3 designed by Mingjing Lin

Taking Pattern 3 (Fig 117) as an example, the making process is as follows:

• Build random points in Rhino 

• Divide the selected surface (a hexagon this case) by eVe|voronax (a parametric plug-in used for the generation of voronax structures) 

• Extract the edges of each smaller surface

• Build the top layer of cells/beads through a coded GH (Grasshopper) algorithm (Fig 119)

• Link the bottom part of each cell/bead via zigzag threads through another GH algorithm (Fig 118)

• Build linking joints at six points of the hexagon

• Use the modelling software Rhino and 3DP service software Materialise Magics to join, clean or fix all the geometries, ready to print.
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Fig 118. A GH definition of the zigzag threads by Mingjing Lin (redacted)

The algorithm details have been redacted, and please contact the author if more information is needed. 

In the following two images, one is a GH definition for creating top layer of cells/beads. Through setting the edge curves in the GH, the algorithm generated 

solid geometries. The basic logic of building the geometry is to sweep a solid surface by a defined rail, then choose the points where they are closer to the 

bottom of the cells/beads to make a zigzag thread, so once the link is piped into a solid object they can be joined with the top layer of cells/beads (Fig 120). 
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Fig 119.  A GH definition of the top-layer cells/beads by Mingjing Lin  (redacted)

The algorithm details have been redacted, and please contact the author if more information is needed. 
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Fig 120. Different views of the design, Mingjing Lin

As in the Fig 121, with the help of parametric tools to explore a diversified collection, designers only need to drop different points in Rhino, then link the points 

with the algorithms or change the design by sliding the parameters in the algorithm. A pattern family (different cell/bead sizes, pattern thicknesses, edge 

details of each cell/bead, etc.) could be made within a relatively short time. Therefore, algorithm-based 3D design tools minimise the manual and repetitive 

aspects of the design and making process, which is the foundation for much ‘solid modelling CAD’ (Lipson and Kurman, 2013). With proper guidance, users 

need only randomly draw points with a rough idea, not knowing how exactly these points will eventually design what sort of patterns. In this case, algorithm-

based technology enabled creative serendipity and surprises to occur from my design activities. 
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Fig 121. Patterns explored, Mingjing Lin
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Sample testing (Fig 122, 123) played a similar role to that of 

the toile in fashion design. Without seeing and actually ‘playing 

with’  (Fig 124, 125) the materials, it is hard, through the screen, 

to ‘imagine’ how the material will behave in real life. The ideal 

readily available technique for our project at the RCA is SLA. 

The printed pattern is quite flexible, considering that the nature 

of the printing material (photopolymer resin) is rigid. The zigzag 

threads not only enhanced the flexibility but also gave the 

material a slightly elastic effect.

Fig 122. Test sample and removing supporting structures, 
Mingjing Lin, printed by RCARapidform



123 Fig 123. Test samples and removing supporting structures, Mingjing Lin, printed by RCARapidform
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I tested two samples, as seen in the Fig 124 and 125. Again, what was not anticipated 

is the accidental creations made by the machine, which is often related to accuracy and 

predictability. The first sample is 3D printed vertically (Fig 124 and 126) in the machine 

and the second is laid horizontally (Fig 125 and 127) in it. The surfaces of the two are quite 

different: the first one is rough and striated, while the second one is clean and sharp. This 

is because the printing process uses UV light to cure the liquid surface layer by layer, and 

the horizontal plane of the liquid resin matches with the plane of the 3D file, which will give 

a smoother surface. The serendipitous outcome occurred: I could use the flat surface for a 

reflective effect through the lighting, which later inspired the performative presentation of 

the work (Fig 144).

Fig 124. Sample testing, Mingjing Lin

Fig 125. Sample testing, Mingjing Lin
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Fig 126. Printing surface close-up: vertical print, Mingjing Lin  Fig 127. Printing surface close-up: horizontal print, Mingjing Lin
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3DP and testing of the material was required. For this project, I considered textile techniques, such as dyeing, to develop and to enhance the tactility and 

natural aesthetic of the material to overcome the manufactured and mechanical feel.  I experimented with the printed sample by dyeing it and treating it as a 

piece of textile. Disperse dye was used as a way of attaching colours to a plastic surface, and this gave the resin a semi-transparency. 

While SLA (resin) gave the pattern a transparent look, FDM (PLA) was able to give it a solid colour. The clear cut between the two materials was obvious (Fig 

130). Following the concept of merging differences, I therefore decided to use textile dip-dye to blur the edge of the two materials by adding a gradient colour 

effect to the transparent resin. 

Fig 128. Disperse dye, Mingjing Lin
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Fig 129. Disperse dye, Mingjing Lin

Fig 130. Testing pieces, Mingjing Lin
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The two materials combined enable the edge to look naturally integrated (Fig 131-133). 

Beyond the two completely different materials, a range of potential colours was designed. 

The boundary between diverse materials was blurred, creating a mixture of hand and 

machine effect. 

The combination of hand-making and digital-making, in this case, the hand-dye of 3DP 

SLA resin, was recognised as a material innovation by 3DP experts. I made myself a 

gown using one of the spare samples to attend the first 3D Printing Industry Award. 

There were many 3DP companies who were curious about the dyeing techniques and 

some thought it would be fascinating to re-make a printed piece by hand, since 3DP for 

many is already an end-solution for production. Integrating hand-making into the final 

printed object seemed a novelty to them. The edge between different materials was less 

recognisable, and the focus was on the garment as a whole. More importantly, a textile 

approach to making enables this integration to become more complex in colours and 

details. Opposing elements were joined through gradual dynamics provided by textile 

making.

Fig 131. Integrated patterns, Mingjing Lin
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Fig 132. Integrated patterns, Mingjing Lin Fig 133. Integrated patterns, Mingjing Lin
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Turning the 3D-printed sample into body-scale fabric is challenging because of the wearability of the material and complexity of the human body. 

Conventionally, tailors cut the main body of the qipao garment in one piece, and the remaining fabric is used sustainably for binding, collars and facings. The 

overall look of the qipao varies greatly depending on what the collar looks like; the collars are always modelled with stiff paper inside, so they are not always 

washed but are changed from time to time. Li and I were thus inspired by qipao pattern-making to create the modular design system (Fig 134). Unlike the 

irregular shape of Zomparelli’s work (Fig 116), I chose a hexagon shape not only for its aesthetic value, but also for its unique mathematical feature 

that enabled it to be used as tessellation for a modular design system to enhance design complexity and changeability, as well as boosting 3DP 

production efficiency. Specifically, as the first ‘perfect number’20, the six-sided hexagon shape gave the small cells/beads and zigzag threads a perfect 

mathematical calculation, so that these elements could be divided neatly by the eVe|veronox plug-in. In addition, the hexagonal tessellation is ‘regular and 

repetitive’, and constructs an ‘endless succession of hexagonal patterns’ (Michell and Brown, 2009: 120), which offers the opportunity to design modular 

patterns, like textile patchwork: whoever adopts these patterns can actually decide on the ‘layout’, or arrangement. On the other hand, 3D technology is 

always limited by the issue of scaling (many printers cannot print large objects the size of a garment). So modularly dividing a qipao pattern helps to solve the 

problem of the size limitation of the 3D printer and offers possibilities for producing the designs using different printers simultaneously. 
20　Perfect number: a number is the sum of it factors, 1,2 and 3 are the factors of 6, and 1+2+3=6 (Michell and Brown, 2009). 
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Fig 134. Sketch of the basic designs, co-designed by Yingjun Li and Mingjing Lin
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Seeing the actual sample together with the pattern made the design more ‘real’ (Fig 135). We were closer to 

the final look of the garment at that point, so the decision on the hexagons’ size, number and placement is 

clearer. A good combination of each hexagon’s cells/beads and zigzag threads will give high flexibility. Other 

parameters are a good combination of digital patterns and designs appearing on the body. In consideration 

of the human body and bodily movements, the patterns at the garment’s edges should not be too thick 

and should be flexible, because these garment edges interact closely with the body and body movement. 

However, the design in the centre can be very dramatic: the thickest piece printed out was 2.5 cm and the 

thinnest was 0.3 cm, giving a different effect/texture to the whole piece.

Thus the hexagon tessellation I designed for constructing the qipao pattern evolved from the work of 

Zomparelli. Although I acknowledge that Zomparelli is an established architect and programmer, and the 

3D-printed design (Fig 116) is a fabricated sample to demonstrate the capability of the Tissue add-on he 

created, I developed his design into 3D-printed hexagonal tessellation at a much larger, full-body, scale 

in combination with fashion and textile hand-making, and decided to use the medium of performance to 

demonstrate the fluidity of my design on the body. I had to overcome the challenges, such as creating algorithms in a different software (GH) to allow more 

controllability in the details of the design (7.2.2), embedding the knowledge of the human body into the algorithms by setting the range of the parameters 

considering body shape, using textile dip-dye to add new effects to the 3D-printed materials and directing a physical performance that could present the 2D 

and 3D transformation of qipao technical construction and the quality of the 3D-printed textiles. This is evidence that I developed from Zomparelli’s material 

Fig 135. Design process, Yingjun Lin and Mingjing Lin
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sample into body-scale textiles that can be used as garments. This also reiterated the 

foundational methodology, oppositional relational parametric thinking, which fostered a 

creative synthesis (4.1) between the digital and hand-making, modernity and tradition, and 

Eastern and Western design elements.

Using digital tools to visualise the design came later. I used Adobe illustrator (Fig 136) to 

see the combination of different colours and rendered the design using Keyshot (Fig 137, 

138) to mimic various 3DP materials. 

Although rendering software could bring the digital pattern into very real visualisation, it 

was still difficult to match the dress with the proportions of a real body. Even if I deliberately 

inserted a body-sized mannequin digitally (Fig 137, 138), I still found it hard to ‘feel’ the 

material and imagine how it could appear on the body, especially how the fabric would 

interact with body movements. The problems regarding the tangibility of materiality 

remain, even for an experienced fashion designer. The digital technologies I am using are 

advanced, but they are not advanced enough to replace the actual ‘feeling’, the human 

interaction brought by a simple touch of the fabric. Bouncing between oppositional notions 

of virtuality and reality was re-emphasised during this body-oriented design process.

Fig 136. Digital sketch using Adobe illustrator, Mingjing Lin



134

CHAPTER  V     INTER-FASHIONALITY

Fig 137. Rendered visualisation, Mingjing Lin
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Fig 138. Rendered visualisation, Mingjing Lin
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Once the textile development with larger pieces on the mannequin and the body was complete, the material was ready to send to production. While primitive, 

natural and handcrafted elements stimulated the design, logical and rational thinking permeated every process. The two garments (together comprising 240 

pieces) were printed by two different methods: SLA and FDM (desktop). The SLA (40 pieces, epoxy-based resin) parts were printed by the RapidFormRCA 

in the UK, while the FDM (200 pieces, PLA and ABS) parts were printed at San Wen Technology Company in China. In terms of potential practitioners’ and 

researchers’ interest in the service that is currently available at the RCA, in the Appendix 5 I have listed a comparative study of the available technology at the 

RCA. 

Fig 139. Production plan, Mingjing Lin
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5.4 INTERDISCIPLINARY COLLABORATION – A PERFORMATIVE PRESENTATION

The title of this performance is ‘Inter-fashionality’. ‘Inter’ relates to intercultural and interdisciplinary awareness, and ‘fashion’ contextualizes 

3D-printing and textile practice in a bodily context; fashionality, differentiated from the existing word ‘fashionability’ and ‘fashionable’, is a 

neologism, which will be recognised as a form of ‘incorrect’ grammar and automatically corrected to the traditional ‘fashionability’. To borrow from 

Dr. Claire Pajaczkowska, ‘new ideas are often considered ‘errors’. Modernism is a history of transgression and innovation, in which the new is 

first experienced as a ‘shock’ or unwelcome difference from tradition. The term fashionality is a recognition of this dynamic between the new and 

the ‘mistake’’ (Pajaczkowska, 2016). As a statement of this research, this name gives an explanation of how digital technology mediates fashion 

as a hybrid notion in which Eastern and Western design elements, modernity and tradition, as well as digital technology and handcraft, meet and 

exchange their characteristics.

Fig 140. Performance set by Mingjing Lin, Dr Yingjun Li, studio Night Clear 19 and Hexagon Collective
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Fig 141. Performance set by Mingjing Lin, Dr Yingjun Li, studio Night Clear 19 and Hexagon Collective

I co-designed the choreography with two studios: Night Clear 19 and Hexagon 

Collective, and the performance as a whole demonstrates the idea of conflict/ 

ambiguity/ambivalence. The main narrative was the duo, representing opposites, 

who mirrored, mimicked and sometimes fought with each other, as if the ‘modern’ 

and ‘traditional’ processes were in parallel, learning from each other and sometimes 

conflicting with each other. This represents the indescribable but embroiled 

relations between opposites. The opening scene is of two dancers covered with 

3D-printed dresses lying on the floor, which was spread with black sand. The 

dancers and 3D garments merged into the black sand, as if humans, nature and the 

artefacts blended into an integral whole. Both of the garments are 3D-printed: one 

was fully constructed as one piece, while the other whole piece was divided into 

four sections, since this dancer danced/crawled from these pieces and dressed a 

handmade toile of this pattern. After the ‘newborns’ grew from the dust and started 

to breathe deeply for living, the duo used their physical performance to interact, 

involve and intertwine with each other’s movement. The physical dialogue lasted 

until the representative of ‘modernity’ took off the 3D garments with the help of 

‘tradition’, and together they carried the hand-made dress backstage. It seems to 

speak to this research: although modern cutting technology and other innovations 

played a vital role in its development, tradition was never abandoned, and should 

be continued by us. 
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Fig 142. Performance set by Mingjing Lin, Dr Yingjun Li, studio Night Clear 19 and Hexagon Collective
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Fig 143. Opening scene, ‘breath’, photo: Kiva Huang, dancers: Dancers Luke Crook
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Fig 144. Opening scene, ‘breath’, photo: Kiva Huang, dancers: Dancers Waddah Sinada
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Fig 146. Final scene, ‘carry and bury’, 
photo: Kiva Huang, 
dancers: Luke Crook and Waddah Sinada



143

Fig 145. Main scene, ‘intertwine’, 
photo: Kiva Huang, 
dancers: Luke Crook and Waddah Sinada
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Fig 147. Footprints of the dancer

The whole performance lasted for 15 minutes and took place in the gallery of the Stevens Building at the RCA. A black 

rectangular pyramid divided the original circulation area into stage and auditorium. This division made the space packed 

with dancers and audience, focusing the audience’s attention on the design and movement. The display interrupted the 

‘free flow’ of passers-by, inviting people to pause for a while to immerse themselves in the space and the exhibition, to 

rethink the relationship of the self to material, fashion and the surrounding space. Painted in black (the wall) and spread 

with black sand (the floor), the pyramid not only drew the audience’s attention to the garment and performance through 

its contemporary minimalist style, but also obscured subtle changes of different textures into an integrated whole. Every 

grain of the sand marked the intertwined relations between garments, dancers’ bodies and motion. The garment pattern 

and footprints of the dancers recorded and traced the furious performance, as did the fuzzy boundaries of sand and 

garments left by the dancers on the floor. The blur is representative of the amalgamation brought by disparate elements.

After the performance, there was a week-long exhibition, displaying the printed qipao , vintage qipao  and a film of the 

performance. Documentation of the qipao ’s history, the project catalogue and other texts supplemented the exhibition. 
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 Fig 148. A black rectangular stage
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Fig 149. Performance scene
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Fig 150. 3D-printed qipao, sands and footprints
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Fig 151. Exhibition
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5.5 SUMMARY AND ANALYSES

The ‘Inter-fashionality’ project produced the following four features, which cultivated my different understandings of conventional parametric thinking. I 

therefore sought to explore a new model of parametric thinking for 3D-printed fashion and textile development: 

5.5.1 FEATURE 1: ALGORITHM-BASED DIGITAL TECHNOLOGY OFFERS NEW POSSIBILITIES

The research is grounded in the latest development and uses of digital 3DP-related technology. Technologies, of all the types used in this research, 

offered new expressions: they either function as a tool to realise my ideas, or become the source of inspiration to simulate creativity. Many algorithm-based 

technologies applied in this research are related to the second function, which facilitates previously unexplored innovation.

I do not fully agree with the idea of ‘technology as a necessary “tool” rather than an inspiration’, as Hodge has suggested in relation to Iris van Herpen’s 

work (Hodge, n.d.). Technology can function as both a tool and as inspiration, in my opinion. If the definition of the term ‘tool’ is merely to help us make what 

is in our minds, technology is definitely a tool, especially when the user has a clear picture of the style, construction and other details of a design, and the 

user apparently knows which specific technology/techniques/process could be used to make things happen. However, for designers technology, especially 

cutting-edge technology (here I mean algorithm-based parametric modelling and digital 3DP technology) that is still being explored, could be very inspiring 

and boost the imagination to experiment with it. This technology seems to me like a pet obeying my commands: at the same time as being obedient, it might 

surprise me with its unexpected actions. Sometimes it does not listen to me but acts oddly, and I then think it is adorable, since it has its own characteristics. 

These uncertain characteristics have encouraged me to rethink and value the advancement in, and complexities of, technology. Although created by human 
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beings, there are certain functions of advanced technology that we might have not realised yet. I consider this kind of unexpected results generated from my 

unfamiliarity of a new technology, such as the smooth and striated surfaces created by accidently laying the 3D model in different positions, is worthy of further 

exploration, as it can be used as the source of inspirations. 

I disagree with the idea that technology does not provide inspiration (Hodge, n.d.), because it neglects the serendipity, the accidental beauty, which one 

might call the aesthetics and creativity generated from using technology. I have experienced the situation in which I am opposed to technology for a while and 

thought that technology is merely a tool for human beings to fulfil what is already in their heads. But this opinion was no longer tenable after I begun to know 

more about, operate and research into the state-of-the-art technologies, such as 3DP and parametric modelling. Because, I realised that these technologies 

sometimes inspire me at moments which produce beautifully unexpected outcomes, like the weaving structures I developed in the ‘Fold-the-Interfashionality’ 

project. These technologies are thus not only tools for realizing my existing ideas, but also inspirations that drive my imagination further. In fact, the closer 

I get to cutting-edge technologies, the more inspiring I find them. Since many of them remain relatively underdeveloped, the experimental pathway of the 

application of these technologies is part of creativity, and new possible innovation can come out of this unknown journey. 

5.5.2 FEATURE 2: 234D-DYNAMIC AND MATERIAL CONSIDERATION FROM THE HUMAN BODY

Performance was chosen to present the dimensional changes. The human body is an important factor in designing 3D-printed textiles and fashion, particularly 

in developing more dynamic and fluid materials. Not surprisingly, fashion designers value the importance of the human body for the complexity of its shape 

and movement, which is often key for creation. The transformation from 2D garment pattern to 3D toile, positioning different hexagon designs onto paper 



151

patterns based on the body, designing a linking structure for the intricate hexagon-shaped 3D pieces according to wearability, and so on, are all examples of 

how the human body’s complex dynamics are considered in digital design, and cannot simply be replaced by digital tools. 

Iris van Herpen also values body movement while designing 3DP fashion: ‘the body itself is my muse; it is the movement of the body in general. Often when I 

have a piece in my mind, I already imagine its movement and its relationship with light, and that triggered me to start working – because I like its movement’ 

(van Herpen, n.d.). Apart from the morphological complexity of the human body, I am also interested in exploring relationships between tangible material 

and the human body. Performance, which has not been used in other 3D fashion practitioners’ work, was chosen to further present the pieces in motion in a 

more dynamic and relational way. The performance transformed a 3D-printed object into a piece of moveable textile, adding another layer of fluidity beyond 

the already flexible 3D-printed textiles: this is the fourth dimension. The work was then expanded from a 2D virtual space to the 3D real world, and more 

importantly to 4D fluid motion.

The decision to show the works in the form of a performance is also a way of challenging the importance of relations over the end product. The end product 

is conceived as a form of prototype, which is the result of an integrative process of making (Cross, 2006: 16). The final prototype is understood as a product 

that can be used for industrial manufacture. In this sense, the aim of this type of design activity is to give ‘description’ for the maker (Cross, 2006: 15). In art 

practice, the output is not a functional object, as in design practice, but a speculative object. The art/design model used as a presentation method enables us 

to question the inevitability of prototype design and to maintain the speculative quality of the creative process. This emphasis on process and relationality is 

best presented in a narrative or time-based medium, such as film, and in this case choreographed movement or ‘dance’. This enables us to suggest that new 
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materials generate new experiences and new relationships between body and space. The incorrectness of the term ‘Inter-fashionality’ translates this hybrid of 

fashion and relationality. By referencing to avant-garde culture (1.2),  the research differentiates itself from commercial fashion, in which innovation has often 

been limited by market demands. This research discusses fashion in a radical context, in which less commercial aspects of fashion (market niche, target 

group, production cost, selling channel, etc) are considered. 

5.5.3 FEATURE 3: 3D-PRINTED TEXTILES AND FASHION

The research aims at achieving 3D-printed fashion and textiles in a way that is neither just 3D-printed textiles nor just 3D-printed fashion. There have always 

been a number of concerns about using concepts and approaches from textile and fashion design, such as developing interlocking, intricate lines, and 

connections as used in textiles, at the same time, considering concept design, pattern cutting and garment construction as used in fashion. Of the two 

disciplines, one focuses more on intricate and delicate structures, while the other takes account of the intimate relationship between the garment and the 

body. Materials are, traditionally, conceived as matter to be used by product designers. However, fashion and textiles in this research are equally important. 

There are mutually rewarding partnerships between fashion and textile design, and the design process moves between these two and even other disciplines 

as well. 

3D-printed textiles (not for fashion) also include designs that are not designed to be worn on the body. The pattern created by Jiri Evenhuis, for instance, 

that might not be used as a garment, but rather for other products, such as a handbag, or even as 3D-printed textiles for interior design. Another example 

of 3D-printed textiles are those co-designed by Laura McPherson and Mark Beecroft. The designed pieces combine 3DP with conventional knitting fabric. 



153

Inspired by knitting structures, this project aims to propose the innovative use of 3DP. However, there is no further evidence shown of how the design would 

perform on the body. This research emphasises the importance of 3D-printed textile development for a fashion project (considering fashion construction for 

body shape and movement), starting by making intricate textile structures and then developing these into wearable products.

5.5.4 FEATURE 4: INTERDISCIPLINARY THINKING THROUGH FASHION AND TEXTILES

‘Different design disciplines use distinct modes of thinking, filtering and organizing information in ways that reflect their cultural value’ (Philpott and Kane, 2016: 

235). Textile thinking is derived and expanded from textile practice by a number of researchers. The Textile Reader,  compiled by Jessica Hemmings (2012), 

and Textiles: Primary and Critical Sources , edited by Catherine Harper (2012), are two resources that for the first time collected significant writings on textiles. 

Thus, they triggered wider academic discussions in this field (Igoe, 2013: 30). Elaine Igoe (2013) further explores the design process and thinking within 

the subject of textiles extensively in her PhD thesis ‘IN TEXTASIS: Matrixial Narratives of Textile Design ’. Claire Pajaczkowska suggested (2015) seven types 

of tacit knowledge from textile thinking based on the material characteristics of conventional textile making. Textiles range from rigid to flexible, functional 

to decorative, hand-crafted to industrially manufactured, wearable fabric to architectural components. Through its highly complex structure and network of 

construction, it offers a way, nexus or relational thinking (Igoe, 2013: 30), also known as ‘matrixial textile thinking’ (Igoe, 2013: 106) and explained by the notion 

of ‘material matrices’ (Dormor, 2012: 20), joining the dots along the pathway, and obscuring the boundaries of opposing elements in different disciplines.

Thinking Through Fashion is a collection of short essays by fashion researchers and thinkers who bring a number of important social and cultural theories to 

the field of fashion. It aims at providing conceptual tools to stimulate thinking through understanding and analysing fashion (Rocamora and Smelik, 2016). 
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When formulating definitions for creative practice-based research in art and design, Christopher Frayling (1993: 5) made the distinction between research ‘into’ 

design, ‘for’ design and ‘through’ design. Following Frayling’s influential formulation, advances within the design field have been uneven, and fashion design is 

making some progress with this concept of working ‘through’ creative practice. ‘Through’ is a porous activity in which two fields (practice and theory) activate 

and influence each other. Taking both accounts into consideration, thinking through fashion suggests generating thinking by merging theories with creative 

practices of fashion. 

A range of discourses in textile and fashion thinking inspired this research, such as flexible interdisciplinary strategy in textile thinking (Philpott and Kane, 2016: 

233), Deleuzian approaches in fashion thinking (Smlik, 2016), and the corporeal experience of fashion (Negrin, 2016). However, I still find difficulty in locating 

the research in either fashion thinking or textile thinking alone because of the cross-disciplinary nature of this research. The design and making process is 

hybrid, including various aspects of fashion and textiles, as well as 3DP and parametric design. After ‘Inter-fashionality’, Dr. Li reinterpreted the garment 

and showed the work in the contexts of conceptual fashion catwalk (Fig 152,153) and photography (Fig 154), which continued to stimulate my imagination 

outside the confines of one definition of fashion. The application of various techniques/technologies from different disciplines provokes a new model of making 

and designing approaches. It is not appropriate to apply other design theories to fashion or textile design (Igoe, 2013; Philpott, 2011; Pajaczkowska, 2015). 

Similarly, integrating the development and adoption of the new technology of 3DP and parametric modelling in fashion and textile practice, ‘Inter-fashionality’ 

might generate a new model for thinking about the relations between humans, design, materials and technology. I thus ask whether fashion and textile 

approaches and thinking could eventually activate an adaptation of parametric thinking, which is neither solely fashion, nor textile, nor the original parametric 

thinking, but perhaps an integrated one?
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Fig 152. Fashion catwalk by Dr. Yi`ngjun Li, 3D printing provided by Mingjing Lin
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Fig 153. Fashion catwalk and backstage at the Prince Gong Mansion and Beijing Fashion Week by Dr. Yingjun Li, 
3D printing provided by Mingjing Lin
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Fig 154. Fashion photography by Dr. Yingjun Li, 
3D printing provided by Mingjing Lin
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Fig 155. Similarities and four differences between the model of existing Parametric Thinking 
and the new proposed model of Parametric Thinking, Mingjing Lin
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5.5.5 A DIFFERENT PARAMETRIC THINKING

The Fig 155 shows two similarities and four differences between the conventional model of parametric thinking and the new proposed model:

While the similarity lies in parametric modelling and variations in design (Similarities 1 and 2 in Fig 155), these models of thinking are different in terms of their 

design field/subject and the meaning of the changes, materialisation and performance (Differences 1-4). First of all, they are both fundamentally built upon 

digital algorithm/scripting modelling and parametric design (Similarity 1); however, conventional parametric thinking has only been discussed by architectural 

researchers (Difference 1), such as Karle and Kelly (2011), Oxman and Gu (2015), Moussavi (2011), Mohammad (2012) and Alalouch (2018), Sanguinetti 

and Kraus (2011), not in a fashion and textiles context. Next, parametric modelling represents ‘changes’ (Woodbury, 2010: 11) shown in Difference 2. When 

one single parameter changes, the corresponding design is updated. Parametric thinking requires designers to specifically think in relation to associative 

relationships (Oxman, 2017: 6), such as whether a point is on the line or near to it (Woodbury, 2010: 11). It is about ‘the logic that binds the design together’ 

(Mohammad, 2012: 6). Relational thinking in this thesis, however, was realised as oppositional relational thinking, as explained in 3.3.2: ‘association’ means 

to relate dissimilar, even conflicting, elements. The characteristic of ‘change’ directly links to the next feature, ‘variation’ (Similarity 2), which can be found in 

both conventional and the proposed parametric thinking. Difference 3 is about Materiality: conventional parametric thinking relates to novel digital fabrication, 

such as 3DP (Oxman, 2017), which allows innovative geometries to be made. These experimental designs might not even have previously existed in real life, 

because they were too difficult to make. However, in addition, hand-making is still valuable in my practice in a fashion and textile context. Hand-making informs 

digital making from the three perspectives. First, it offers a sensory tactility for me as a maker: while using digital software and fabrication, I have always 

needed to print out the physical sample in order to develop my design. This is because without seeing and touching the physical material, it is difficult to get 
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a sense of its scale, texture, softness, hardness, bendability and other material qualities on a computer screen. Second, hand-making provided references 

for digital making: my knowledge of hand-making informed the digital approach in the setting of the range of parameters: for instance, the thickness of the 

material and the density and arrangement of the smallest elements (5.3) used my hands-on knowledge, with the human body in mind. Third, hand-making also 

provided an opportunity for additional effects, such as colour and tonal blends (Fig 131-133), which are not yet possible through SLA 3DP alone. Therefore, 

the combination and merging of the hand-made and the digital, such as hand-dyed 3D-printed textiles, that refers to oppositional relational parametric thinking 

is my method of generating novelty in my practice. Lastly, hand-making became essential in order to join together the individual 3D-printed module to become 

garment-sized due to the size limitation of the 3D printer (SLA at RapidformRCA). This differentiates my work (a full-body scale 3D-printed garment) from 

Zomparelli’s smaller-sized 3D-printed design. The final difference (Difference 4), performance in conventional parametric thinking, concerns the digital and 

analytical measurement of responsive systems (Oxman, 2017), such as the Rhino plug-ins Kangaroo and Karamba, which could be used to engineer building 

construction based on an interactive screen display. Sanguinetti and Kraus (2011) extended the meaning of performance in parametric thinking to individual 

designers’ phenomenological experience. Beyond these digital and philosophical meanings, performance in my practice also includes physical body 

performance as a way of presenting and testing the work tangibly.
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‘Inter-fashionality’ represents the moment of spark when theory and my practice started to intertwine to build the key thinking. These are the issues that I want 

to follow up in the next project:

1. The 3DP material and technology

‘Inter-fashionality’ used standard 3DP. In order to be more creative, I sought out softer and newly developed materials

2. Performance

• The performance should play a more vital role, not only as a presentation method

• The performance could involve more analysis of the movement. There was only one rehearsal, and no comparative study on the performing textiles.

3. The body

• The concept of the body and its importance in developing 3D-printed fashion and textiles has already been discussed. Our bodies have become the 

battleground where opposites encounter each other and their boundaries are obscured through technology (Openshaw, 2015: 65). Three pairs of opposites 

were highlighted in this project, Eastern and Western design elements, modernity and tradition and digital technology and handcraft. However, clear 

arguments should be presented in terms of how a body matters, and more importantly, how does a body mediate the differences in design and even bring 

new ideas? This will form the major discussion in the next chapter.

4. Parametric Thinking

• Will the features of the proposed parametric thinking effectively influence the next project? What would the new definition of parametric thinking be 

when using parametric design in the body-oriented development of 3D-printed fashion and textiles?



162

CHAPTER  VI   FOLD-THE-INTER-FASHIONALITY

FOLD THE INTER-FASHIONALITY6
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THE BRIEF FOR THE CHAPTER

The importance of the human body to my research was emphasised in the previous chapter, ‘Inter-fashionality’. Through the use of 3DP in a fashion and 

textiles context, the project ‘Inter-fashionality’ also brought up the key question of how the body can be considered as a means of mediating opposites and 

bringing newness. This chapter is about the second of the two projects, ‘Fold-the-Interfashionality’, in which I will discuss the question above through more 

advanced 3DP material and technique, detailed performance and careful consideration of the concept of the body and parametric thinking. It will further 

scrutinise, apart from the three pairings (Eastern and Western design elements, modernity and tradition and digital technology and handcraft) arising from the 

last case, what the other counterparts/opposites are, and how other pairings of opposites will be mediated. 

‘Fold-the-Interfashionality’ is a collaborative project between Tsai-chun Huang, a PhD student at the RCA researching textile folding, and myself. It features 

3D-printed textiles in a newly developed form of folded structure for conceptual performance. A specific scene from Farewell My Concubine21,  by the Beijing 

Opera22,  was chosen as the inspiration and was reinterpreted by combining modern and traditional costume, sound, stage design and performance. To 

borrow the Deleuzian concept of the fold, folding-in and folding-out: to fold is not to close, nor to hide, but to ‘undo a binary opposition between inside and 

outside’ (Rocamora and Smelik, 2016: 20) and to unravel relationships between opposites. Could the project ‘Fold-the-Interfashionality’ unfold other layers of 

21　  The scene that we presented is the central sequence from Farewell My Concubine , a classic in the Beijing opera repertoire. The story tells of a decisive moment in the battle of Gaixia, when the 
warrior Xiang Yu, Overlord of Western Chu finds himself trapped by the Han army under the leadership of Liu Bang (who would later become the founding Emperor of the Han dynasty). In the Chu 
encampment the dire situation becomes clear. Xiang Yu’s consort, Yu Ji performs a sword dance for her lover, ostensibly to relieve the tension of the continual military failures. However, to prevent 
Xiang Yu from being distracted by his love for her, and in the hope that he might retreat, she kills herself with his sword. It is a story of love, sacrifice and hope.

22　  Beijing Opera (also known as jingju, pingju  or jingxi ) is a type of Chinese opera that was formed in the late 18th century and was further developed and recognised in the mid-19th century 
(Goldstein, 2007). 
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understanding and provoke further discussion about the potential for 3DP in body-related 

practices? 

Concentrating on discussing how the human body functions as a mediator of conflict 

to generate innovative design practice, eight23 pairs of conflicting elements will form 

categories and will be explained through five aspects of the human body: designers’ 

mindset, the corporeal human body, the volume between the body and the 3D-printed 

surface, the 3D-printed garment and the performance. I am ambitious that the five factors 

relating to the body, from the designers’ intuition and concepts, the physical body, 

the intimate space and the garment as a body extension to the final performance, will 

potentially trigger a better parametrical understanding of the body layer by layer within 

the context of 3D-printed fashion and textiles. In order to emphasise the importance of 

the human body, I list these five categories in dimensional order, from the inside of the 

body to the actual body to the body’s externalities, but do not fully follow a chronological 

order of the design process.

23　 As discussed in Appendix 2, people tend to have diverse opinions about whether the parts are oppositional, and some of the opposites I have defined, such as hand making and digital 
making, might not be conflicting at all to others. However I only listed the opposites that I believe are important to this research and are ultimately interchangeable based on my experience. The 
definitions of counterparts and the efficiency of writing in this way are certainly waiting to be discovered and challenged in the future.

Fig 156. ‘Fold-the-Interfashionality’ writing structure, Mingjing Lin
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6.1 BODY – 1: MINDSET

 [DESIGNER] PARAMETRISE THE BODY 

6.1.1 THE 1st PAIR: WEST & EAST

Following the ‘Inter-fashionality’ project, ‘Fold-the-Interfashionality’ still had cultural exchange at its core, but with more consideration of the inspiration, theme 

and performance. When I rethought the whole journey, the first pair of opposites is East and West, which represent the experience of my background in China 

and the UK. This paring talked about how I chose specific inspiration and how it affected my mind-set to oscillate back and forth between the different cultural 

elements. This is a rather complex pairing, which represents the multi-layered shifting filtered through myself. Many other pairings will be easier to discuss, 

such as that of Membrane and Shell in a later section, as they are tangible objects, whereas West and East are abstract concepts. It is also a pairing that other 

pairings can fit into, such as Modernity and Tradition, Familiar and Unfamiliar, as well as Others and Myself.

Conflict and ambivalence have constantly inspired my creative process, and the nature of the search to join opposites in design became stronger after I came 

to the UK because of the cultural differences. I can still clearly remember the moment when Dr. Li showed me a piece from a qipao  from 1920s Shanghai, 

and I was so excited and amazed by the tailoring skills and stories that lay behind the relic. When I touched the soft silk, it seemed as though my fragmented 

impressions of the Shanghai era emerged: the faded movies, enchanting styles and fascinating performances. Admittedly, I missed the culture that I was 

familiar with before, but the fact is that I am not very close to/familiar with it any more. It is precisely because of this distance/unfamiliarity from the original 

familiar thing that made me feel the difference; the new way of knowing built the current me and reminds me who I am, and I question the differences. The 
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differences form innovations based on the hybrid of the old and the new. When I was in China, it seemed as though Western culture was an unfamiliar opposite 

for me: while when I am in the UK, especially having got used to a different culture, the Chineseness I was once comfortable with tends to feel strange. But 

once I revisited the familiar culture of qipao , from a distance I began to reinterpret it with my current knowledge of digital technologies. My creative journey is 

always activated by this shifting and reinterpretation between cultural differences.

The continuous cultural shifting between the East and the West affects my decision-making in terms of choosing inspiration. After consulting Zenghui 

Qiu24,  a specific scene from Farewell My Concubine was chosen to inspire the design and to strengthen the theme of the joining of opposites. Suggested 

by Qiu, the appearance, movement, actions and even the stories of the two characters in this play, the Concubine (Yuji) and the King (Bawang), amplified 

the contradictions. Yuji is representative of conventional Chinese femininity, translating into elegant, fluid dance and delicate movement. On the contrary, 

Bawang represents male-dominated society and imperial power, and is more aggressive in movement and masculine in appearance. Beijing Opera master 

Mei Lanfang first brought his magnum opus Farewell My Concubine to worldwide attention in the 1920s, including performances on New York’s Broadway 

and in the Soviet Union (【Great Master】Mei Lanfang Ep02, 2017); since then, Chinese opera has been internationally influential, and has even triggered 

more significant cultural exchange between China and the West (Pang, 2005). However, its influence among the younger generation is fast declining today 

(Pang, 2005). Nevertheless, during one of its most glorious periods, from 1920, Mei Lanfang and a group of Chinese avant-garde figures in art and literature 

endeavoured to challenge the old-style, traditional Beijing Opera and developed a form of ‘modern, new performance’ based on both their solid historical 

knowledge and their contemporary aesthetic, involving new costumes and accessories (【Great Master】Mei Lanfang Ep02, 2017).

24 Zeng hui Qiu is the chairman of the UK Chinese Opera Association and a respected specialist in Chinese Opera instrumental playing,　
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This made Huang and I start to question whether the declining interest in the Beijing Opera is because of its less contemporary aesthetic, and similarly to 

qipao , could new designs and innovative 3D-printed garments give the Beijing Opera a new look? Interestingly, I found myself constantly aligning tradition with 

the East and technological advancement with the West. This is perhaps the traditional stereotype associated with the East and its tradition; the cultural tradition 

of maintaining links to certain craft has come through that is lost in the West. Huang and I believe that craft and technology can create something new and 

inspiring together. The Beijing Opera is the art form we are using to test this idea. Our hope is that the innovative 3D-printed pleated costume will bring a new 

aesthetic to the Beijing Opera, and that the relation between garment and body will inspire contemporary design.

Fig 157. A re-staging of the Beijing Opera performance by [Great Master] Mei Lanfang Episode 1, 
from CCTV Documentary

Fig 158. A documentary image of the performance of Farewell My Concubine 
by Mei Lanfang, image in Liyuanzazhi (2017) 



168

CHAPTER  VI   FOLD-THE-INTER-FASHIONALITY

6.1.2 THE 2nd PAIR: SERENDIPITY & PROBLEM-SOLVING

The second pair of opposites compares a speculative and a problem-solving design approach. The serendipity that I encountered in the design process 

is linked with the speculative design method. This kind of design method, as mentioned in the methodology chapter, encourages unplanned results rather 

than setting an explicit goal at the beginning and working in a focused way on solving the problems. McNiff states (2008: 40) that the creatively oriented and 

qualitative researcher often finds the most creative developments ‘by surprise, unexpectedly, and even against the will of the creator’. I agree that some of the 

creative ideas in this research emerge beyond expectations, or by mistake, while I also think planned and logical thinking for targeting specific problems is 

needed. This research can be considered as a mixture of both these aspects.  

At the stage of idea generation, many random thoughts emerge. I brainstormed and sketched (Fig 159) how 3D-printed textiles could behave on which part of 

the human body and imagined the movement of the fabric according to certain gestures of the Beijing Opera performers. The process is intuitive. The aim of 

idea exploration is not to serve a defined question, but to explore more possibilities. After this, Huang and I decided to use both pleating and weaving in the 

garment, for their complexity in structure, and apply monochrome colour to keep the contemporary simplicity in colours and avoid the overwhelmingly bright 

colours of the traditional Beijing Opera. 

The design emphasised the idea of showing contradictions. Huang and I designed these two outfits for Yuji and Bawang. The female figure is more intricate 

and delicate, whilst the male figure is more aggressive. As shown in the Fig 160 and Fig 161, there are three 3D-printed parts for Yuji: a folding cape, a piece 

of woven fringe and a 3D-printed folding sleeve. For Bawang, one piece of 3D-printed folding sleeve contains woven structures on the surface. In order to 

highlight and offer a contradiction to solid 3DP, the rest of the garments are finished in silk and organza. 
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Fig 159. Sketch of the position and movement of 3D-printed textiles on the human body, Mingjing Lin (2017)
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Fig 160. Two outfits designed by Tsai-chun Huang and Mingjing Lin; drawn by Mingjing Lin (2017)



171

Fig 161. Overall design for all 3D-printed parts designed by Tsai-chun Huang and Mingjing Lin, modelled by Mingjing Lin (2017)
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Later on, in order to create 3D-printed textiles that could interact 

with the body, I needed to re-programme to model specific patterns 

sourced and/or designed by Huang. It was clear that existing codes 

do not provide the fluidity required for a corporeal, bodily approach 

to 3DP textiles for fashion. A problem-solving approach is adapted 

here. Logical thinking, as well as the particular skills of using specific 

software and 3DP, is needed, and zero tolerance of mistakes when 

working towards a definite shape. After sourcing parametric software 

systems, I chose Freeform Origami and Rigid Origami25 to simulate the 

pattern of paper folding. I followed the coding instructions, using Rhino 

to draw lines on the same planer and mark the Folding Mountain as 

Red and Folding Valley as Blue and Green. I thought I had perfectly 

followed the instructions, but still could not make the lines fold into a 

3D form (Fig 162). 
25　 Rigid Origami and Freeform Origami
The two design software systems were released in 2007 and 2010 respectively, and 
they were developed by computational researcher Tomohiro Tachi from the University of 
Tokyo. Rigid Origami is a simulator to create mostly regular patterns. Freeform Origami 
can generate origami forms, which allows users to interact with them. This means 
that Freeform Origami can create irregular shapes that are often difficult to make by 
conventional hand-making.

Fig 162. Rigid Origami Design interface and failed simulation
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I was very frustrated because the idea at this stage was to use parametric tools to digitise the folding pattern for 3DP, otherwise, the project cannot move 

forward. The problem-solving approach is very direct and efficient, but can be frustrating in terms of design (as shown in the Fig 164 there were 55 failed tests 

at this stage), since everything along the design pathway should only be progressing towards the set goal, and the goal could not be changed easily. One 

input, one output: this shows how rigid the typical computational binary and straightforward thinking can be. My job thus was to diagnose what was wrong with 

the algorithm and the process. The problem was the disconnected polylines, which stopped the entire project. I wrote about my frustration and excitement on 

3 August 2017, after finally finding the problem:

3 Aug 2017  Problem check
‘I am trying to find the reason why the pattern is not working. I listed the two successful trials and 
more than fifty failures (Fig 164). But the successful ones are just small pieces… It’s like scientific 
tests: test 1, test 2…test 57… I almost gave up yesterday. But I somehow knew that I would solve the 
problem tomorrow. I was thinking, I probably haven’t understood the logic of the software. Software can 
be thought of in the same way a pet: as long as you know how to feed it, the instructions it needs, you 
then get its attention and affection, too. So today, I traced back to the very early stage of creating this 
pattern using a unique method, checked every single curve, from the first point to the last component I 
made, looking for the software’s best parts and eliminating unfavourable parts. I have finally found the 
problem! It is the disconnected polylines, the two separate lines(Fig 165): they are supposed to be a joint one.’

Fig 163. Unpublished reflective journal on 3 August 2017, Mingjing Lin
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Fig 164. Failed testing files and failed testing patterns, Mingjing Lin

Fig 165. Separate polylines and joined polyline, Mingjing Lin
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Following my diary extract, four different situations reveal the relation between my understanding of the technology, whether I follow the instructions/default 

setting/common rules in the process and the corresponding results:

The first and second categories are when I do not know the logic of the technology, so I either do not follow the instructions/default setting/common rules or 

follow the these by accident. The third category is when I know the logic and use of the technology and follow the instructions/default setting/common rules. 

Fig 166. The relationship between the user and technology, Mingjing Lin
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I can thus generate what has been tested and a proven result expected by the creator of the technology. However, if I have already understood the use of 

the technology but do not follow the instructions/default setting/common rules (Category 4), I might be able to create something new. Both Category 1 and 

Category 4 led to unexpected results, but Category 4 could be more positive than Category 1, because it is a design ambition to probe undefined territories, 

so it offers the serendipity that I advocate. It is often the case when I am using digital and parametric tools that I prefer to learn the technology and understand 

the logic first in order to create the design differently. 

Here is an example: I used GH to create a definition for making weaving patterns, but I did not quite follow common rule (‘a single input and a single output’ 

(Mode Lab, 2015: 38)), and the result was surprisingly good. On 14 August 2017, I wrote in my diary:

14 Aug 2017  The serendipity
I have always been looking for newness, and what I have found from the parametric design approach is that 
with small changes, and even spontaneous mistakes, an unexpected result was generated. Some were failures, 
of course, but still some mistakes remain valuable. (The Fig 168 and Fig 169 are two Grasshopper definitions I made) 
Normally, the input parts U count and V count can have only one number of sliders on each left, or U and V 
each have a different number of sliders. That is, one input only has one active number. So the result is a plain 
weaving structure (Fig 168). But by accident I added another number to V (Fig 169), meaning now V has two 
active numbers. Some unexpected results emerged: the weave is no longer flat, and has another two layers of 
twisted thread interwoven in between it  (Fig 170-171), which, although very difficult to fabricate by hand-
weaving, is possible and very easy to accomplish with 3D printing (especially for powder-based selective laser 
sintering, which does not require supporting structures, so it can print interlocking structures easily).’ 

Fig 167. Unpublished reflective journal on 14 August 2017, Mingjing Lin
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Fig 168. Comparative image of definition, overhead view of the flat 
pattern and profile view of the flat pattern, Mingjing Lin

Fig 169. Comparative image of definition, overhead view of the 3D 
pattern and profile view of the 3D pattern, Mingjing Lin
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Fig 170. Perspective view of the weaving pattern,  Mingjing Lin
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Fig 171. 3D weaving pattern, Mingjing Lin (2017)
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On the other hand, two examples below show the professional knowledge of 

pattern cutting and fashion construction (an understanding of the human body) 

that is needed to solve problems in digital space. The first demonstrates that 

after applying this woven design to the body (Fig 172), I flattened the weaving 

into a garment pattern and used the ‘alteration method’ to make the pattern 

less irregular (Fig 173). It is similar to making a fabric toile: the pattern cutter 

would normally tend to modify the marked and draped fabric into more regular 

shapes, making the curves smoother. I combined this method with the weaving 

pattern. The modified pattern neglects a few small details, so this could be 

used for reproduction or manufacture.

Fig 172. Designed weaving onto body, Mingjing Lin (2017)
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Fig 173. Weaving pattern alteration, Mingjing Lin (2017)
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The second example demonstrates how a fashion design approach was adapted in order to drape a piece of cloth onto the body in digital form. In the process 

of making a cape, wrapping the fabric from a horizontal direction shows a very different effect compared with placing it from a vertical direction, because of 

the high curvature degree from chest to back across the shoulder. To create the design, I continued to use ‘cage editing26’ in Rhino 3D software. The image 

shows that placing the fabric onto the body starting from a vertical direction (Fig 174) might give an uneven effect, and a pointy structure appeared on the 

shoulder (Fig 175). On the contrary, placing the fabric from a horizontal direction (Fig 176-179) will eliminate this pointy structure and enable it to be more 

natural and fitted to the body.

Therefore, central to the creativity generated from Category 4 is the fact that I had already acquired a basic knowledge of a particular discipline/technology/

software, and was attempting to try new things out and test what is beyond my existing professional/empirical knowledge. So there is this combination/

transition between a problem-solving approach that is aimed at effectively solving problems using professional knowledge, and the speculative quality of 

creation, which allows unforeseen results.

26　This function divides an object into various sections, and users can modify the object through control points in smaller sections (red or black dots in the images). By controlling the points, the 
folding pattern can be better fitted to the body.
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Fig 174. Wrapping the fabric from a vertical direction, Mingjing Lin 
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Fig 175. A pointy structure results from 

wrapping the fabric from a vertical 

direction, Mingjing Lin 
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Fig 176. Draping the fabric from a horizontal direction, Mingjing Lin 
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Fig 177. Draping the fabric from a horizontal direction, Mingjing Lin 
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Fig 178. Draping the fabric from a horizontal direction, Mingjing Lin 
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Fig 179. Draping the fabric from a horizontal direction, Mingjing Lin 
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6.2 BODY & BODY + 1

 [THE BODY AND ITS LIMINAL VOLUME] UNDER A 3D-PRINTED TEXTILE SURFACE

6.2.1 THE 3rd PAIR: MOBILE MEMBRANE AND STATIC SHELL

The third counterparts that I will discuss are the mobile and static relations between the body, with the intimate volume between the body and the surface. 

The relational and mobile conditions between the human body and 3D-printed textiles are shown here, as follows, and Category 3, transitional semi-following 

status, is what I want to explore more through practice.

          
Category 1 3D surface follows the body shape and body movement
Category 2 3D surface does not follow the body
Category 3 3D surface semi-follows the body

   

The first category of inter-relations indicates the situations in which there is no interspace or volume between the body and the surface. In this case, 

considering the human body’s complex mobile conditions and gravity, the surface layer should be stretchable to follow the movement of the body, or to wrap 

the body, in the way that tights or a bodysuit do. 

Fig 181. Category 1

Fig 180. Three categories 
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In the second category, the 3D surface does not follow the body shape and movement. In numbers ① the surface goes beyond the body, creating different 

volumes between the body and the wearing material, such as a shell-like structure made by stiff materials, or a piece of soft fabric that is loose and mobile, 

but detaches from the body. Numbers ② and ③ show that surface is opposed to the nature of the human body and even shapes the body, like orthotics. The 

surface no longer listens to the natural will of the body, but moulds or forces the body into certain types. 

In the third category, the body and the surface have more complex inter-relations. The surface sometimes follows/fits to ( ① ) but sometimes opposes 

( ③④ ) or goes beyond ( ② ) the human body. I wonder whether all of the possible relations can be jointed together and acchieved by parametric and 3DP 

technologies: for instance, one could 3D-scan a human body and design a garment in which some parts are more fitted than others, or some parts are tightly 

bound to the body but other parts are loose or rigid coverings. This emphasises again the parametric possibilities of mediating conflicts and combining fixed 

and mobile structures through cutting-edge technologies.  

Fig 182. Category 2

Fig 183. Category 3
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Following this concept of joining opposites, let us have a look at three examples: 

In order to make the folded pattern follow the shape of the arm, I used the ‘cage edit’ function in Rhino software to shape the 3D weaving pattern. Around the 

area near the shoulder point, a strong and stable attachment is needed, because most of the shoulder parts in a sleeve carry the significant weight of the sleeve. 

Similarly to the cuff, it is a place where I am trying to secure the shape, and it should be statically fixed, leaving the middle part of the sleeve for experimentation. 

Fig 184. Use of ‘cage edit’ in Rhino to make sleeve pattern, 

Mingjing Lin (2017)
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Fig 185. Use of ‘cage edit’ in Rhino to make sleeve pattern, Mingjing Lin (2017) Fig 186. Use of ‘cage edit’ in Rhino to make sleeve pattern, Mingjing Lin (2017)
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Fig 187. Use of ‘cage edit’ in Rhino to make sleeve pattern, Mingjing Lin (2017) Fig 188. Use of ‘cage edit’ in Rhino to make sleeve pattern, Mingjing Lin (2017)
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The exploration of flexibility and softness in the middle section, especially near the elbow, leads to more variations in terms of the relations between the human 

body and the designed textiles, as shown in category 3. Some of the folded surfaces were replaced by woven structures I created. One of the reasons for 

this is to create a design that is different from conventional hand-making, or is difficult to accomplish by hand making. Another reason is that the differences 

in each structure will provide variable flexibility in the material as a whole. In this case, the weaving mesh (the green patch in the image) is certainly softer 

compared with the same-sized solid patch (dark grey patch), so it appears nearer to the elbow and inner side of the arm rather than the shoulder and outer 

side of the upper arm. I was seeking to test more mediation between mobility as a membrane and static rigidity as a shell. Similarly to the previous project, 

‘Inter-fashionality’, the way of thinking and designing the material is more like textiles.

Fig 189. Replacing some of the folding surfaces with woven structures, Mingjing Lin (2017)
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Fig 190. Replacing some of the folding surfaces 
with woven structures, Mingjing Lin (2017)
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The second example is the cape for a female performer (Fig 191, 192). When 

designing within the theme of mediating opposites, I hoped that the complex dynamic 

could generate more movement when being worn. We thus designed the folding 

piece to be more fitted to the shoulder than to other areas. After 3D printing, the 

analysis of the fitting (Fig 193) showed that when the angle between the arm and 

the shoulder is below approximately 90 degrees (number 5 to number 12), both the 

body and the 3D-printed part were well aligned. The 3D-printed part changed little. I 

defined the shoulder part as a shell, rigid and static, and the rest of the fabric shows 

some constructed movement that semi-follows the movement. The material is not as 

hard as a shell, but not soft as normal materials. It might create a bouncing effect 

while the wearer is moving; 3D-printed textiles are independent of the body, not in 

a harsh, rigid and scary way, but in a gentle flow. It is firm enough that it cannot be 

broken, but not as fragile as glass. So the new viewpoint is the new materiality of this 

effect that I reinvigorated, based on my understanding of intimacy and the body. 

However, when the angle is above 90 degrees (number 1 to number 4), it seems 

that the shape of the 3D-printed textiles no longer follows the shape of the body, but 

is forced/twisted into other shapes. If there is strong force, it might even become an 

obstacle to the body and its movement. The female performer felt uncomfortable 

when wearing the shoulder piece.

Fig 191. Cage edit in Rhino to fit a cape (for a female performer) onto the body, 

Mingjing Lin (2017)
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Fig 192. Cage edit in Rhino to fit a cape (for a female 

performer) onto the body, Mingjing Lin (2017)
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① ② ③ ④

⑤ ⑥ ⑦ ⑧

⑨ ⑩ 11 12

Fig 193. Fitting analysis (female cape), Mingjing Lin, model Xin Da (2017)
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The last example is the sleeve for the female performer 

that we designed. When modelling this folding pattern 

on the screen (Fig 194), I intended to leave a seam 

allowance for the sleeve. This is the first time that 

Sinterit 3DP was used as wearable textiles and in 

folding structure, and  I did not expect the printed 

sleeve to be this flexible (Fig 195). When I touched the 

material, it was much softer than expected and more 

wearable compared to any of the other 3DP materials I 

had used before. So in the end, we sewed the pieces 

together. 

Fig 194. Sleeve for female performer, designed by Tsai-chun Huang 
and Mingjing Lin, modelled by Mingjing Lin (2017)
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Fig 195. Fitting analysis (sleeve for female performer) by Mingjing Lin, model Xin Da (2017)
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To sum up, there are three parallels in the movement: the body, 3D-printed textiles and the volume created by their interactions. Taking the corporeal body into 

consideration, I designed the 3D-printed textiles with the aim of discovering programmable degrees of mobility and flexibility in the textiles, in which more potential 

variability in the volume can be offered. The opposites are not necessarily polarised. Because technology has improved (such as using a textile structure to replace 

the folding surface modelled by Freeform Origami software) to provide these different levels of in-between possibilities, there is a much wider range of freedom 

in creation, involving a fluid parametric thinking in understanding and designing deformable 3D-printed textiles for body-oriented practices. This in-between-ness 

can be likened to a piece of folded fabric, and it is enabled by a force that opens new interfaces and unfolds more dimensions, possibilities and opportunities. This 

force, to be more specific, is parametric thinking. 

Material testing and sampling continue to be important in developments associated with digital making, which cannot be completely replaced by digital technology. 

As for fashion design, Huang and I both agreed that the design process was fundamentally driven by the tactility of the material, and even a simple touch and 

look can be an important sensory input enabling us to improve the design. Although certain behavioural characteristics of virtual 3D textiles are predictable and 

programmable through advanced digital tools, their materiality still remains uncertain, affected by other parameters, such as the material used to print, intense 

body movement or the material structure. 
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6.3 BODY + 2

[3D-PRINTED MEMBRANE] THE DEFORMABLE TOPOLOGY COMPLETING THE BODY

6.3.1 THE 4th PAIR: HAND MAKING AND DIGITAL MAKING

I agree with the view (Campbell, Whittet and Britt, 2008: 2) that state-of-the-art digital tools such as 3DP could be considered as an intervention in conventional 

textile design, as they can provide new approaches for depositing complicated textile structure in a holistic manner and thus generate new forms of design. 

Besides, I also think that innovatory technologies could eliminate certain human factors, and might even perform better than hand-making approaches in some 

ways. On the other hand, I still believe that so many aspects of making and its relevance to materiality, such as tactility, feeling and empirical knowledge, will 

be difficult for technology to replace, especially in terms of fashion and textile practice. 

First of all, in 3D-printed textiles development, one of the advantages of digital technology is to improve design efficiency by reducing tedious repetition 

and enabling rapid visualisation. As mentioned earlier, I was not initially enthusiastic about the role of technology in general. But, after experimenting with 

digital technology, I became attracted to it, because it reduces the time needed for repetitive work, and it can immediately visualise/render design outcomes 

digitally so that I do not need to make a toile or print a textile pattern to see the complete design. This can be found through many of the early design samples, 

for which a digital mannequin and the drape of the fabric were demonstrated on the screen. When using modelling software, I could easily copy and paste the 

design, traced back to the last process, as well as undoing and erasing mistakes.
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Secondly, cutting-edge technologies, such as the programmable software Freeform Origami, can create patterns that could not be easily made by hand. 

Huang is a specialist in hand-folding and agreed that it is almost impossible to create curved folds by hand, let alone moulding the folded surface into more 

complicated body shapes. Most of the hand-made folding is primarily flat when there is no given force, as shown in the comparative images (Fig 196, 197). 

Even if it is possible to make a curved fold by hand, there needs to be computational calculation involved in the process of designing the patterns, such as 

this computer-aided folding by Tomohiro Tachi (Fig 198). In comparison, the folding pattern can be easily moulded to complex shapes with the interactive 

functions of digital software, such as digitally pushing or dragging the folding pattern (Fig 199). 

Fig 196. Handmade Folding Pattern in Silk by Tsai-chun Huang                                                                              Fig 197. 3D-printed Curved Folding Pattern by Mingjing Lin (2017)
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Fig 198. Folding Metal origami tessellation by Tomohiro Tachi
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Fig 199. Morphological changes of folding patterns in Freeform Origami software, Mingjing Lin (2017)
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Another example showing that digital making improves hand-making is the male performer’s sleeve folding. In order to add more complexity to the movement 

of the printed sleeve, I designed a replacement folding surface element into the weaving pattern, and joined the different surfaces (the 3D weaving surface 

and the plain folded surface) together so that they could be 3D-printed all in one (Fig 189, 190, 201). To my knowledge, there is no other design replacing 

the individual folded surface into other structures in existence. Even if there were, the process of replacing would take much effort through hand-making and 

sewing. But in digital software there are no more than five steps of button-clicking: explode the folding pattern, delete the surface you want to change, paste 

the substitute surface, mould it to the shape suitable for the hole, and join the substitute surface with the rest of the folding pattern to make them as one object. 

All the discussions about my process of designing 3D-printed textiles concluded that digital creation extends the boundary of what is possible, as it enables 

innovative designs which are either impractical or laborious to make by hand. 

On the other hand, digital technology has its drawbacks that hand-making could assist with. First of all, hand-making in this project meets a demand for 

sensory tactility. Openshaw also perceived that we (especially Generation Y and Z) demand the combination of modern digital technology and tactile/

physical culture because of our fundamental need for human physical experience (2015: 9). I agree that there has always been the gentle touch of material 

missing, especially for those who were originally trained as makers. For makers, our hand is as important as our eyes. The tactile feeling is so complex and 

essential, and it is embedded in our making process, in the contact with the materials. Additionally, although parametric software such as the Kangaroo plug-

in could help to simulate the mobile effect, it was still difficult to imagine the behaviour and scale of the material in three dimensions. In fact, many of my 

ideas were generated when I saw the real 3D-printed textiles. I placed and tested them on my own body or on a mannequin, and reconsidered the aesthetic 

in combination with other materials, all of which I found to be irreplaceable by a single screen. Taking the rendered qipao  as an example, Fig 200 shows an 

almost ‘perfect’ representation of the qipao , with every fine detail and its regular/symmetrical geometry. However, the problem actually exists in the ‘perfection’ 

of computer rendering: it is too perfect to be real and too good to be true.
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Fig 200. Qipao rendering by Xie Peng



208

CHAPTER  VI   FOLD-THE-INTER-FASHIONALITY

The 3DP of the project was fully sponsored by a Polish 3D 

SLS company, Sinterit. On one hand, this collaboration helped 

the company to understand about more possibilities for their 

product, because I am using it in a body-related fashion and 

textiles context that the company has not explored yet. On the 

other hand, their material, TPU FLEXA (BLACK), was one of the 

most flexible materials available at the time (in 2017)27,  and 

they use powder SLS-based 3DP, meaning that more complex 

spatial geometries and flexible objects (Sinterit Materials 

2018, 2018) can be printed without worrying about adding or 

removing supporting materials, compared with the FDM and 

SLA technique I used in the previous project.

27　According to Sinterit Material Data Sheet in 2018, the parameters of 
Elongation at Break XY [%] for FLEXA BLACK is 55%, and Shore Hardness 
in scale is A 80-90, D 30-40. In the following two years, Sinterit continued to 
develop and release two other material: FLEXA SOFT, which is more elastic 
and softer than FLEXA BLACK, and FLEXA BRIGHT, which is dyeable and 
more flexible than FLEXA BLACK.

Fig 201. Printing process and samples, photos provided by Sinterit (2017)
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Fig 202. Printing process and samples, photos provided by Sinterit (2017)
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Fig 202. Printing process and samples provided by Sinterit (2017)
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Fig 204. 3D-printed pleated sample, Mingjing Lin
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There are other limitations of 3DP technology, and hand-making can be useful to solve complicated problems. For instance, the dimensions of the Sinterit 

machine’s print size are 11cm x 15cm x15cm,28 which is too small for whole garment pieces, and it is even too small for a garment parts such as sleeves or 

tops. Although I tried to layer the pattern in digital software and print the whole piece at once, as Nervous System had done previously, Sinterit’s material was 

too fragile to create thin linking structures. As an alternative, I used Magics software (version 19.0) to cut the design into pieces digitally to fit the printing size (Fig 

205), and decided to join the pieces after print by hand-stitching, which was a very similar technique to that of other 3DP practitioners mentioned, such as Noa 

Raviv and threeASFOUR. 

To sum up, both digital and hand-making have their own advantages: while digital technology to some extent reduces the human involvement in certain 

labour-intensive work and generates novel ideas, hand-making enriches my sensory and tactile feeling for the materials, which cannot be replaced by digital 

tools, in particular some of the more intricate linkages. In fact, like other designers, I have always been seeking the possibility of combining 3DP and relevant 

modelling software and hand-making in my development of 3D-printed textiles and fashion. Some of the most valuable examples of hand-making can inspire 

digital making and be innovatively reinterpreted through digital technology, such as the qipao  making in the ‘Inter-fashionality’ project that inspired me to 

redesign a modern 3D-printed qipao . The action of considering both opposing aspects refers to my discussion of mediating opposites. What is also important 

to remember in this joining process is the designers’ ideas/minds and the hands-on skills, and they are the meaning of ‘the body’ in this section. The body is 

the joint for the poles, which are relationally connected. ‘No matter how powerful your computer, the circuit between the mind and hand is still the most potent 

in creative practice’ (Adamson, 2015: 287). As Andrew Bolton writes (2016: 8) in the introduction to Manus x Machina: Fashion in an Age of Technology , ‘the 

mediator between the hand and the machine must be the heart.’ 

28　Machine model: Lisa 2017



213

Fig 205. Dividing the pattern via Magics , Mingjing Lin(2017)
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6.3.2 THE 5th PAIR: INTERNAL AND EXTERNAL 

This pairing stretches the concept of joining opposites to a futuristic speculation about blurring the boundaries between humans and technology, which 

has not been fully discovered from this fashion and textile-driven project. But it is still valuable, as it is evident from my practices and reflects the concept of 

‘becoming’ and joining opposites.

‘Technology has progressively grown closer to our bodies, approaching through first clothing, then synthetic clothing fibres, and finally “smart fabrics” 

wearable computers, and communicative machines embedded into jewellery, clothing and even the body’ (Fortunati, Katz and Riccini, 2003: 4,5). New 

developments in technology have even began to obscure the definition of the human body: already some programmed technology, whether a machine or 

a designed object, can be integrated with the human body and become an extension of the body for providing extra functions, like a ‘cyborg’, such as Neil 

Harbisson, who embedded an antenna in his skull to extend colour perception and successfully claimed that his antenna (an electronic device) should be 

considered as a part of his body when renewing a passport (Harbisson, 2008). Also using 3DP technology as a medium, three speculative projects in this 

research, ‘cyborg skin’, ‘body architecture’ and ‘nano-cellulose’ reached far into the future and asked, for instance, ‘what is the body?’; ‘what is an extension?’; 

‘what can be considered as someone’s own, what fundamentally belongs to the external world?’ Following my argument relating to interchanging opposites, 

maybe in the future someone will be able to download an organ from a database and 3D print it out to replace a non-functioning one, or, just like the ‘cyborg 

skin’ project pictured, there may be cyborgs whose skin would be multi-functional, and incorporate clothing, food supplies, waterproofing and so on. In this 

kind of future, instead of arguing the already blurred physical boundaries between the human body and external technology, more questions would arise in 

terms of how to transfer from one to another. This transformation between unlikely partners (the human body and its externals discussed here) links to the 

Deleuzian concept of ‘becoming’, specifically nonhuman ‘becomings’ of human beings(Deleuze and Guattari, 1988: 503), it touches upon the ‘very nonhuman 
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registers of fashion’ (Seely, 2013: 247). This makes me imagine the relationship between 3DP technology and the human body: they are not only physically 

coming closer, but also becoming each other and integrating into a whole. 

To sum up, materiality is of great importance when using digital tools to design 3D-printed textiles for a body-oriented project. Hand- and machine-making 

in this process are not necessarily opposite to each other, and in fact, both methods are needed, and each can be beneficial to the other. Fluid thinking 

emphasises again that this research is more interested in the transformation between opposites, rather than fixed polarities. 
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6.4 BODY + 3

[PERFORMATIVITY] AS A MORPHOLOGIC PERFORMANCE IN 4D 

‘The body is a chance encounter of active and reactive forces whose temporary unity is underwritten by the will to power: nothing could make this more clear 

than the dancer’s body in its constant negotiation of forces’ (Hughes, 2011: 5).

This section will discuss the performing body’s encounter with physical objects and culture. The primary meaning of the body is the physical human body, 

and in this section the body refers not only to my body, but also to the bodies of others, such as the performers and collaborators. Still referencing to Merleau-

Ponty’s concept of inseparable relations between mind and body, my thinking echoes the initial discussion in the section ‘Body-1’. How did I react when 

I encountered different bodies (the physical body and the countering thoughts of others) in the performance? My voice and those of the collaborators, 

performers and audience can be found in this section.

6.4.1 THE 6th PAIR: TRADITION AND MODERNITY

In ‘Inter-fashionality’ one performer represented tradition and the other represented modernity. The choreography of the duet sometimes expressed conflicts 

and sometimes revealed an intermingling, expressing the entangled interconnection between history and the contemporary, tradition and modernity, the 

past and the present. The actual performance is very much like a time machine in a science-fiction film, setting the audience in motion: their viewing moves 

together with the performing bodies and fluid garments, and in their imagination they travel back to the traditional epics and forward to a future fantasy.  
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The mediation of conflicts was emphasised strongly throughout the last scene of the performance Farewell My Concubine , in our interpretation of overall 

aesthetics of the garments, as well as the stage setting and lighting. In this process, not only do the physical human body and bodily practices jointly counter 

difference, but also I myself, as a mediator, highlighted the things that conflicted, such as female elegancy and male masculinity, joined the contrasting 

elements, for instance, traditional pleating (silk) and contemporary pleating (3DP), and made contrasting counterparts relational through, for example,  

constant negotiations with others from completely different backgrounds.

To be more specific, this scene (the sword dance) is the core of Farewell of My Concubine (Zhong ( 钟 ), 2016), and strongly emphasised and profoundly 

integrated the conflicts of love and sacrifice. King Xiang Yu was surrounded by the enemy and wanted his concubine Yu Ji to run away with him, but Yu was 

afraid a woman might become a burden to the king, so she performed a sword dance to please the king and stole Xiang’s sword to kill herself when Xiang did 

not pay attention. Yu Ji, like many of the king’s advisors, took into consideration the king’s duty to the nation, while she was also the king’s lover, experiencing 

ambivalent feelings (Cheng (程 ), 2008).  
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‘Light and graceful for the concubine; dark and strong for the warrior’ is an 

appropriate appreciation by an audience member. The ambivalence at a 

material level was embedded in the two actors’ movements, costumes and 

singing. Yu ji, the female figure, has more dextrous and elegant movement 

and a high-pitched voice; the clothes were designed to be delicate, soft and 

fluid (Fig 206). But inside she is a strong-minded and independent woman 

and was described as a woman who has perfectly integrated characteristics 

of femininity and bravery ( Cheng (程 ), 2008). On the other hand, Xiang (the 

male figure) has powerful and aggressive movement and a deep, strong 

voice; the outfit was big, burly and chunky (Fig 207), like an armed warrior’s. 

But this specific scene is about the king’s tenderness and inability to make up 

his mind whether to leave his wife behind.  

Thus, a more intricate folding pattern was put on and combined with softer 

and more traditional fabrics such as silk. The striped pleated sleeve and 

skirt gave a fluidly moving effect, especially when Yuji performed the sword 

dance. A light grey silk fabric was chosen to make Yuji’s top. The pleating on 

her left hand opens up to a semi-circular shape, and moves together with her 

Fig 206. Female outfits, photographer Kiva Huang (2017)
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arms. It reflects all the spotlights as if drawing everyone’s attention, stating 

her beauty, and with the performer’s movement, it is not too aggressive, 

either. The darker pleating on her dress also follows Yuji’s movement and 

changes its shape in a more subtle way. In contrast, the folding pattern of the 

male figure’s upper body was a squared pattern, echoing the chunky, burly 

silhouette, and he has less movement compared with the female figure in this 

scene. The male performer’s skirt was made out of black woven sportswear 

fabric, and its stiffness made the outfit looks aggressive and strong. 

3D-printed pleating appeared on the female character’s right arm and 

waistband, as well as the male figure’s left arm, and it was separate to, and 

contrasted with, the traditional fabric pleating on the other side of each figure. 

The traditional and 3D-printed pleating were blended and merged within 

one outfit, and was integrally presented together with more conventional 

fabrics through the movement of the whole body. The 3D-printed pieces of 

the female figure’s waistband and male figure’s left arm were combined with 

other fabrics because of the similarity in colour, shape and pattern between 

the different materials.

Fig 207. Male outfits, photographer Kiva Huang (2017)
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Fig 208. Performance, videographer Jay (2017)
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6.4.2 THE 7th PAIR: FAMILIAR AND UNFAMILIAR: INNOVATIVE BEAUTY CAME FROM CONFLICTS

The seventh pair of oppositional terms is the familiar and the unfamiliar, which addresses the overall aesthetic in garment design and stage design, as well as 

lighting for the performance. It explains that the differences and conflicts were reconciled because of the negotiations between different collaborators and the 

design elements.

‘Weird’, ‘Strange’, ‘Interesting’, ‘Never seen it before’ and ‘What is it?’, were the common feedback from the audience. They know the Beijing Opera and have 

some idea about what 3DP is, but just have no idea how these two are linked. For me, these challenging comments explain perfectly that the project has 

aroused others’ curiosity, because it challenges their existing knowledge of the Beijing Opera and 3DP, and expresses their unfamiliarity of the combination 

of the two. To many, conventional Beijing Opera is always considered to be old, rustic and/or unfamiliar. Part of this is because the libretto itself is in ancient 

Chinese and it is very difficult to translate into English precisely, let alone to keep the harmony and rhythm. Also, the costumes, the heavy embroidery, make-

up and setting continue the conventional style and can be found too overwhelming to be fully accessible for a younger or international audience. Huang and 

I investigated whether through contemporary costume designs, music and setting, we could create something different for the Beijing Opera from its firmly 

conventional format. Thus, a more modern monochrome, simpler and abstract silhouette, as well as hairstyle, was chosen. Following the concept of joining 

opposites, the fundamental symbolic designs or essence of the Beijing Opera were still maintained, such as the make-up, the fluidity of the female costumes 

and the aggressiveness in the male costumes. There might be a group of people endeavouring to keep the tradition as it is, but I would situate this research in 

a position of blending tradition and modernity. As Glenn Adamson states, the ‘mash up’ between tradition and modern technology inspires us to create a new 

aesthetic from the ‘conflation and integration of unlike elements’ (Adamson, 2015: 288), and the Beijing Opera is the medium and art form to test this idea.
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The performance ‘Fold-the-Interfashionality’ thus invited outsiders to an opera that has never been seen before in the Hockney Gallery at the Royal College 

of Art. The whole performance was highly subjective and stylised, and offered something that was unfamiliar to many. As with the ‘Interfashionality’ project, 

symbols and graphic patterns were used to design the exhibition (Fig 209, 210). On the one hand, these graphic patterns functioned as an enclosure, 

dividing the space into various areas. On the performance day29, the symbolic strip seemed like a black river, making one triangular corner into a place for 

the performance and leaving another triangle for the audience to witness the performance across the river. During the exhibition, the outfits and other work-in-

progress designs were hanging above the river, inviting the visitor to touch, feel and get closer to them. On the other hand, this single strip symbolically drew 

our attention to the modernity of the performance and the display. It seemed to function not to cut the project between the opposing parts, but as more of a tie 

that dragged and bonded the different elements closer to each other. This mixture of 'familiarity' and 'unfamiliarity' is where the innovation came from. The new 

performance sits neither here nor there, it is somewhere in between different cultures and disciplines: elsewhere. 

29　1 December, 2017. https://www.rca.ac.uk/news-and-events/events/first-3d-printed-pleated-beijing-opera-costume/
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Fig 209. ‘Fold-the-Interfashionality’ overhead view (2017)
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Fig 210. ‘Fold-the-Interfashionality’ exhibition (2017)
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Fig 211. ‘Fold-the-Interfashionality’ rehearsal and performance at RCA (2017)

Fig 212. Digital projection co-designed by Mingjing Lin and Justin Farndale 
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Apart from the spotlight used for the performance, the digital projection was brought together with traditional and tactile materials. During the first performance, 

the digital patterns/models of the 3D-printed pleating were made into an animation (Fig 212) and projected onto the performers (Fig 211). The animation 

was made by lighting designer Justin Farndale by using the 3D model I created. These virtual patterns mixed with the delicate and physical pleating of 3DP 

or silk, as if creating a mixture of virtuality and reality (Fig 214, 215): a hybridity of the digital and craft, a dialogue between the old and the new as well as 

an amalgamation of familiarity and unfamiliarity. The human body and its movements are the driving force behind this beautiful occurrence. The hanging 

organza in front of the wall made the projection blurred and the textiles were moved by passers-by. The visions behind these textiles were vague, making the 

boundaries of everything then ambiguous. In February 2018, the animation was later used as digital background for a re-staged performance for the exhibition 

‘Neo Haute Couture – Exhibition for 3D Tech-fashion’ at the China Silk Museum in Hangzhou (Fig 213). This time a film was projected on the end of the side 

wall, attracting the audience’s attention to the centre with a high-pitched voice and carefully edited film. However, without the projection onto the human body, 

both the performers and the film seem like separate things, which once again proves the importance of human bodily involvement.

Fig 213. Restaged performance of ‘Fold-the-Interfashionality’ at the China Silk Museum (2018) 
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Fig 214. ‘Fold-the-Interfashionality’ performance showing the digital projection (2017)
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Fig 215. ‘Fold-the-Interfashionality’ performance showing the digital projection (2017)
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6.4.3 THE 8th PAIR: OTHERS AND I: DIALOGUES BETWEEN THE SELF AND THE WORLD

On one hand, this pairing looped back to the cultural exchange I discussed at the beginning of this chapter that was associated with my personal experience. 

On the other hand, this aspect was extended to others, such as collaborators, dancers, audience and other contributors, whoever supported or was interested 

in the project. The chance encounter with others has encouraged me to find out what this research is really about through learning from other cultures and 

other people. Learning, knowing, collaborating, even fighting with others, who have a different cultural or disciplinary background, is actually a process of self-

reflection. Working towards the end of this research, another ‘bodily’ layer was revealed through the practice: it is about me, myself or a group of practitioners/

researchers who also value cultural exchange and an interdisciplinary approach in their work.

Learning and knowing the self is about seeing reflections of the opposite from the outside. One of the valuable aspects of these two continuous projects, ‘Inter-

fashionality’ and ‘Fold-the-Interfashionality’, is that both of them will be critically analysed by myself and another researcher, who has a similar but not identical 

background and knowledge. So I have another opportunity to see others’ views on the same objects or design process. In ‘Inter-fashionality’ I collaborated with 

Dr. Yingjun Li, and his knowledge of traditional Chinese pattern cutting inspired me. Without this collaboration, I would not have been able to gain knowledge 

of traditional tailoring in Shanghai during the period from 1920 to 1940 without access to his extensive study; reciprocally, he gained hands-on experience of 

3DP, and we worked together to bring new ways of reinterpreting modernity and tradition. Similarly, without the collaboration with Tsai-chun Huang in ‘Fold-

the-Interfashionality’, I would not even have known about the basic ‘mountain’ and ‘valley’ pleating structure. Because of this knowledge, and my experience 

of using digital software, I could transfer the pattern into a digital file and even a 3D print-out. The dialogue did not finish with the object we produced, and it 

continued, especially when the project involved more people. The performers or other contributors to the performance shifted their opinion towards our project, 
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from stating that they ‘cannot imagine’ it, to ‘accepting it’. At the end, they began to understand what the project was about and even started to co-create (3.4.4) 

new ideas with us through developing new body movements and new ways of performing (Participants’ responses in Appendix 4). The audience from various 

backgrounds included material scientists from Imperial College, 3DP companies, and researchers from the V&A, the RCA and UAL, who came to support 

and discuss the project. Reporters from the 3DP industry, BBC and other media discussed the project. The project has also been invited to be shown at other 

exhibitions and has won award30. All of these encouraged me to believe in and continue with my approach. 

However, what is equally, and perhaps more, important are the controversial opinions and even critical challenges that emerged from others, such as ‘Why 

3DP and why pleating?’, ‘Why the Beijing Opera?’, ‘Too Chinese’, ‘What did the actors say about how they expected to interact with their costume normally 

as part of traditional gestures’, ‘Poor finishing’ and ‘I don't understand’ (Participants’ responses in Appendix 4). Although these were negative responses, I 

personally found them helpful for the project. These comments really excited me and challenged what I was making and thinking. I felt stronger every time I 

could answer these questions better. And these opposites helped to position the actual ‘self’ of the project, and myself. Knowing the self is not only through 

examining the self, perhaps, but also through knowing/dialoguing with others. 

30　  Fold-the-Interfashionality won the 2nd prize of the Reshape18 wearable technology competition. It was shortlisted for the TCT 3D Printing Creative Application Award 
and Best Design and Art Creation of the Year by 3D Printing Award in 2018. Since 2017, the project has been presented at London Design Festival, The 5th Art and Science 
Symposium and Exhibition at the National Museum of China, e-stitch event at the V&A museum, Chinese Art Now, Design Museum of Barcelona, China Silk Museum, 
International Conference on Intelligent Textiles and Mass Customisation, Formnext 17 and so on.
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Fig 216. A comparative chart between Interfashionality and Fold the Interfashionality
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6.5 ANALYSES AND SUMMARY

A comparative chart (Fig 216) between ‘Interfashionality’ and ‘Fold the Interfashionality’ demonstrates:

At the end of the earlier ‘Inter-fashionality’ project, I questioned the advancement of 3DP technology and considered the performance, the concepts of the 

body and parametric thinking. ‘Fold-the-interfashionality’ can be considered as an elaboration of ‘Inter-fashionality’, first because, in terms of the technological 

improvement, in this project ‘Fold-the-Interfashionality’ I designed more intricate 3D-printed textiles by using not only softer material (TPU by Sinterit) compared 

with ABS/PLA and resin I used in the earlier project, but also other algorithm-based digital tools, including Rigidform and FreeformOrigami. Second, there was 

more analysis of how the textiles performed with the human body involved in the performance of ‘Fold-the-Interfashionality’, as expected. The performance was 

thus not only a presentation method, it also gave me the chance to improve the design by testing and altering the materials over and over again according to 

the performers’ body shape and movement. 

The aspects raised by the ‘Inter-fashionality’ project – the concepts of the body and parametric thinking – were also developed in the next project, ‘Fold-the-

Interfashionality’, through its more thematic Beijing Opera-related performance. Both projects addressed the human body as key to the parametric thinking 

and considered the combination of the conflicts of modernity and tradition, digital technology and craft, Eastern and Western design elements. However, the 

concept of the body extends from the physical human body to others involved in this project, such as the collaborators, the dancers and the audience. What 

is more, the three pairings of opposites were expended into eight, adding serendipity and problem solving, mobile membrane and static shell, internal and 

external, familiarity and unfamiliarity, as well as others and I. The inspiration for the ‘Fold-the-Interfashionality’ project, the Beijing Opera, with its rich history 

and tradition of movement, the ambivalence embedded in the specific scene of Farewell My Concubine , and the symbolic decoration, correlates more closely 
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to the importance of the body and the concept of joining opposites compared with the qipao  in the previous project. If the ‘Inter-fashionality’ project was a 

fragmented experiment, and I managed to identify some links between the pieces, such as modernity and tradition, then ‘Fold-the-Interfashionality’ would be a 

project that showed my intentions such as the decision to bring together people who had both Eastern and Western backgrounds and/or were interested in an 

interdisciplinary and cultural exchange project, and to continue to embrace oppositional elements in further aspects of the design, such as the flexibility of the 

material, performance setting and lighting. 

In this way, I was able to shape and control the theme more in the collaboration with those involved and the interaction with the audience during the ‘Fold-

the-Interfashionality’ project. After comparing my roles in the two performances (3.1), I would say my main collaborator in the ‘Inter-fashionality’ project was 

Li, as we generated the 3D-printed qipao  and the overall ideas of the performance together, and the others involved, such set designers and dancers, 

can also be considered as collaborators since they had the power to make their own decisions, especially on important processes such as the dance 

choreography and the changing light effects. In the ‘Fold-the-Interfashionality’ project, my main collaborator was Huang, and others could be considered as 

project stakeholders (Sinterit, the performers, the instrumentalists, set designers, lighting designers). In this case, both Huang and I had a specific direction/

requirements for those involved to follow. Although they also had the power to make changes, we still made the final decisions. It thus showed that my position 

shifted from a 3D-printed textile and fashion designer to more of a director in charge of the overall aesthetic and design. Central to this shifting of position was 

my development of an understanding of the concept of the body and parametric thinking. The focus was not only on creating fluid 3D-printed textiles for a 

physical performance, but also on discussing complex human / human interactions (the opposites of collaboration, others and I, familiar and unfamiliar), and 

human / machine interactions (the opposites of serendipity and problem-solving, internal and external). What is more, in ‘Fold-the-Interfashionality’, as well 
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as RCA researchers and design students I invited a broader audience (academics in art, design and 3DP in other institutions, 3DP industry representatives, 

junior fashion designers) with the intention of getting critical feedback (3.4.5). Dialoguing with others, especially with those outside the institutional setting 

(RCA) enabled me to explore outside familiar research areas and reflect more on my practice, which demonstrates one of the advantages of the performance 

approach: that is, as a way of documenting analytical responses (3.4.5). 

However, there are still things that I wish I could have done better, such as the design and finishing of the female costume, and whether there should have 

been more integrated designs between different materials (3DP and silk); also, there should have been more fundamental analysis of the Beijing Opera 

performers’ body movements and body language. In the future (not as the focus of this research), I am willing to quantitatively analyse the material properties 

of the designed 3D-printed textiles, such as washability, material strength and flexibility.  
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Fig 217. Stage photo, Kiva Huang

3D-printed pleat and  weave
SLS, PA12

Handmade pleat
Silk

Transparent sword
Laser-cut acrylic

3D-printed pleat 
and  weave
SLS, PA12

Handmade pleat
Silk

3D-printed pleat 
and  weave
SLS, PA12
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Transparent sword
Laser-cut acrylic

3D-printed pleat and  weave
SLS, PA12

Handmade pleat
Silk

3D-printed pleat and  weave
SLS, PA12

Fig 218. Stage photo, Kiva Huang
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Fig 219. Stage photo, Kiva Huang

3D-printed pleat and  weave
SLS, PA12

Handmade pleat
Silk
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Fig 220. Stage photo, Kiva Huang
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3D-printed pleat and  weave
SLS, PA12

Handmade pleat
Silk

Fig 221. Stage photo, Kiva Huang
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Fig 222. Stage photo, Kiva Huang
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f

Handmade pleat
Silk

3D-printed pleat and  weave
SLS, PA12

Fig 223. Stage photo, Kiva Huang
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Handmade pleat
Silk

3D-printed pleat and  weave
SLS, PA12

Fig 224. Stage photo, Kiva Huang
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Fig 225. Garment details, photo by Mingjing Lin and Tsai-chun Huang

3D-printed pleat weave
SLS, PA12

Handmade trimming
Silk
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Fig 226. 3D weaving designed by Mingjing Lin and photo by Tsai-chun Huang
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BODY MATTERS7
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7.1 CONCLUSION: BODY MATTERS 

7.1.1 HOW DOES THE BODY MATTER IN THIS RESEARCH?

The importance of the concept of the body arose from the literature (1.3), the contextual review (Chapter II) and the case studies (Chapter V and VI), and the 

idea of ‘Body Matters’ was strengthened and emphasised by my experiences of collaborative work, especially the interdisciplinary performances related to the 

human body. There is the embracing of opposites, such as modernity and tradition, hand-making and machine-making, that appear in this research, and the 

concept of the body as a decisive factor and driving force behind the transformative mediation of conflicts. It is the body as a mediator between the opposites 

which creates innovation. Therefore, the research provokes a body-oriented fluid thinking, an adaptation (5.5.5) of conventional parametric thinking (1.3), to 

the application of 3DP and parametric modelling within fashion and textile practice.

The concept of body matters can be explained through the red circular lines in the Fig 227. First, from the perspective of fashion practice, this research 

considers how the body could inform new dynamics (7.1.2), and contribute an intricate and fluid understanding of body shape and body movement to 

parametric design, which is used primarily in architecture and other disciplines. The second aspect is to propose that body-oriented 3D-printed fashion and 

textiles could bring new potential for materials (7.1.3), from a design perspective rather than that of materials science or engineering. As a result the two 

aspects meet to create cross-boundary research, aiming at bringing a new parametric thinking into developing body-oriented 3D-printed textiles and  fashion. 

As a fashion designer who has specifically Chinese cultural heritage and pan-global interests in avant-garde fashion culture, I am ambitious that my particular 

interests and experience in combining craft and technology, materials and digitalisation, tradition and modernity, as well as Eastern and Western design 
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elements, will once more emphasise fluidity, changeability and dynamics – within the development of 3D-printed fashion and textiles. More importantly, I argue 

that this new parametric thinking, which is taken from the parametric design practice of 3D-printed fashion and textiles, could trigger a new way of thinking, and 

even influence others’ creative practice. The original contribution of this research thus lies not only in the design and the design process, including 3D-printed 

textiles and other physical experiments, exploratory shapes, patterns, structures, the use of algorithms and methods which could guide other practitioners to 

create the same or similar designs, but also an adaptation of parametric thinking, which could potentially extend the project’s influence from design practice to 

fabrication, production and design thinking.

Fig 227. Two parallels of the research structure/model, Mingjing Lin (2018)
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7.1.2 DYNAMIC

‘A body can be anything; it can be an animal, a body of sounds, a mind or an idea; it can be a linguistic corpus, a social body, a collectivity’ (Deleuze, 1998: 

127). As discussed in Chapter 3.2, ‘body’ primarily refers to the physical/corporeal body of human beings. Body shape and body movement interest me for 

their important roles in fashion design. Secondly, this research also considers the mind as another important meaning of the body. This can be traced back to 

Merleau-Ponty’s notion of the inseparable relations between mind and body. The third aspect of ‘body’ implies not only myself but also a group of people who 

are probing creative ideas in an international and interdisciplinary background. This aspect emerged towards the end of the research from the collaborations, 

and is worthy of further exploration (7.4).

Designing 3D-printed textiles and fashion first values the dynamics of physical bodies in shapes. It can be seen from key designers’ work (Fig 9) that many 

of them are still developing a 3D-printed garment from a static body form, not from a pattern-cutting/draping perspective, which potentially results in a lack 

of consideration of the complexity in the shape of the body and beauty in bodily motion. However, the human body is more than a solid surface. In fashion 

practices, from singular innovations to mass manufacturing, most garment development involves toiling and fitting, when designers scrutinise whether the 

garment can be fitted to the wearer.    

The second aspect of dynamics is body movement. The concept of the body has been explained through Deleuze’s work as a relational matter (Deleuze and 

Guattari, 1980: 272). The body for Deleuze is an integration of elements, and these elements are related to and influence one another (Deleuze and Guattari, 

1980: 280). A body ‘is not defined by either simple materiality, by its occupying space (“extension”), or by organic structure. It is defined by the relations of its 
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parts and its actions and actions with respect both to its environment or milieu and to its internal milieu’ (Baugh, 2005: 31). That is to say, to research the body 

and 3D-printed textiles is not to study them separately, but to understand their interactions and the conjugations as referred to by Deleuze, in a more complex, 

fluid and changing motion. 

Relational dynamics is a way that parametric design could contribute to developing 3D-printed textiles and fashion. We fashion designers have always paid 

attention to the movement and dynamics of the body, and incorporate the body, as suggested by Deleuze and Merleau-Ponty, as a corporeal process (Deleuze 

and Guattari, 1980: 85), which is ‘forever in a state of becoming’ (Deleuze and Guattari, 1980: 272), as mentioned in 4.1. With the help of digital tools, such 

as programmable and parametric modelling 3D software and multi-material 3D printers, 3D-printed textiles could have more complicated/intricate material 

properties that take account of the shape and movement of the human body.

Fluidity (flexibility and movement) in 3D-printed fashion and textile design, and the awareness of the human body in developing 3DP-related projects, have 

rarely been addressed simultaneously by other researchers and practitioners. This is fundamentally because 3DP-related digital tools were not originally 

designed to be applied in a fashion and textiles application, and these tools are still under-discovered by many fashion and textiles practitioners. For instance, 

most of the digital tools that I used (parametric 3D modelling and 3DP), have mainly been applied in architecture, product design or other disciplines. These 

disciplines consider static forms rather than fluidity, as in fashion and textiles. 

In the book Parables for the Virtual, Brian Massumi (2007: 177) argues for the relationship between the body, buildings and digital forms of architecture, ‘it 
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seems to be a widely held opinion that the abstractness of the digital space of topology contradicts the spatial reality of bodies and buildings. Besides, you 

can animate architectural design practice as much as you like. You still end up with a building that isn’t going anywhere.’ I agree with this argument partly 

because most of the buildings we see in everyday life are indeed not mobile but static. I can understand that the argument here questions the feasibility 

of applying these abstract and innovative geometries created in the digital space to an immovable and tangible building. However, I still think digital and 

computational creativity is a necessity, maybe not for a habitable construction but for avant-garde architectural design, and more importantly, complex 

and dynamic digital designs show great adaptability for fashion and textile innovation in this research. The incredible architectural designs, such as the 

Galaxy SOHO project by Zaha Hadid, drive innovation and our imagination in relation to a future environment for living. Moreover, in this research, with the 

development of digital tools such as 3DP, many complex digital forms no longer stay in the computer, a virtual world, but can be 3D-printed tangibly in real life. 

The shapes/geometries that are developed through digital software for architecture and animation, for instance, inspire other fields as well, specifically fashion 

and textiles in this research. The abstractness and fluidity of digital topology might be more appropriate for textile design and bodily practice than its original 

application to buildings, because of the more intricate/complicated dynamics. 

Thus I am proposing that raising the awareness of the body in 3D-printed fashion and textiles could trigger or offer more possibilities for innovative uses of 

3DP. It is the human body that drives our imagination beyond the 2D screen and 3D objects to the fourth dimension of movement and change. 

7.1.3 VIRTUALITY OR REALITY? MATERIALITY IN DIGITALISATION

This research also considers 3DP as a medium to explain the concept of changes and mediation, and aims to bring the sensibility of the materials from the 
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perspective of the fashion designer. 

Admittedly, with the development of 3D virtual technology, the virtual can come close to reality, and even become the real object through 3DP technology. 

But a ‘virtual’ representation is not ready yet to replace or even erase reality, and digital technology was not designed to replace the material world, but to 

offer alternatives/possibilities. Both of the counterparts, virtuality and reality, are valuable  for me to develop innovative 3D-printed fashion and textiles. Even 

when I am making a digital design, there has always been a reminder to remember how much I miss hand-making, the tactility and sensation of pleasure 

that I encountered with the real materials, which cannot be easily replicated by the virtual technologies I used. Although there is a view that technology can 

be developed to the level at which human beings cannot tell which is physical and which is virtual, I still believe that creative reality is activated by moving 

between digital technology and experienced materiality. In the film Blade Runner 2049 (2017), a young officer, K, goes to a dream maker, shows her one of his 

memories and asks her how to tell whether this memory is digitally implanted or real. The dream maker tells him that the memory is real, and that someone has 

lived through it, not because of the fascinating details of the memories, but the feeling of it. Indeed, virtual technology can perhaps be developed to the level 

where it can mimic all the physical details, but I am still concerned that it will also replace our sensation towards something that exists tangibly. At the end of 

the day, I as a maker still want to touch and feel the 3D-printed material: our sensational experiences of touch are so complex that we can barely capture them 

all in a virtual context (Openshaw, 2015:6). 

Similarly, Openshaw (2015: 5, 7) also challenged a clear split between opposites - for instance, virtuality and reality. He argued that many current digital 

practices do not necessarily follow the linearity of thinking and dualism that has characterised much of Western philosophy, and many boundaries within 
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the digital context have been disrupted and obscured. ‘There are too many differences for these simple binary oppositions to be sufficient. They challenged 

the traditional idea of the boundary of flesh, stating and illustrating how the body must be constructed through “coding”, which is the result of the regulation, 

control, and interactions of various “flows”, including the biological, technological, and cultural’. (Brians, 2011: 135) The reinterpretation again echoes the idea 

of encouraging fluid exchanges between opposites and creating a mixture of reality where both the digital and the material could fit in as well as interchange 

freely. This idea is also utilised to strengthen the proposed fluid thinking – a new adaptation of  parametric thinking – through which many conflicting elements 

can be integrated into an amalgamation, and have even been interchanged within the current digital context.

7.2 CONTRIBUTION TO KNOWLEDGE

7.2.1 NEW PARAMETRIC THINKING 2.0 FOR FASHION AND TEXTILES

Parametric thinking was taken from the architectural application of parametric modelling in design (1.3). In this research, parametric thinking was first 

explained as oppositional relational thinking as a research methodology (3.2), meaning that I joined conflicts and bounced between cultures and disciplines, 

using parametric programmes to generate original 3D-printed textiles and fashion design. The differences between conventional parametric thinking and the 

new proposed model lie in the design field, and the meanings of the changes, materialisation and performance (5.5.5). More importantly, new parametric 

thinking proposes that it is the concept of the body that stitches and fuses the gaps between opposing components of my practices. Therefore, these 

differences are combined here to articulate that a new adaptation of parametric thinking for fashion and textiles is body-oriented parametric thinking, which 

is a sub-theme of parametric thinking. My research has led me to interrogate the existing parametric thinking from my experiences as a fashion and textile 

designer, as well as to sum up this new version of parametric thinking, which I call here parametric thinking 2.0:
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In this research, parametric thinking 2.0 is extracted from designing and making algorithm-based and 3D-printed textiles and fashion. It is a thinking 

that emphasises the raising of awareness of the human body and its relevance during the design, especially in relation to pattern cutting for fashion 

construction and structural design for textile development. Parametric thinking 2.0 not only scrutinises the application of 3D-printed textiles and 

fashion in a fluid and bodily context, but also provokes a fluid thinking to bridge conflicts in interdisciplinary and intercultural contexts, such as 

the Eastern and Western design elements, tradition and modernity, and digital technology and craft. Parametric thinking 2.0 is both a research 

methodology and the main original contribution of this research. 

Parametric thinking 2.0 demonstrated a potentially transferable model that can firstly benefit fashion and textile researchers (1.4) who are specifically 

experimenting with technologies and/or thinking outside their own expertise (3DP, parametric design and parametric thinking in this research). The 

infographics, for instance, can be disseminated and used by practice-based researchers (including, but not limited to, the field of fashion and textiles) to 

help them generate research keywords and their original contribution. For example, as demonstrated in Fig 8, inspired by the concept of 'becoming' I was 

interested in using the human body as a mediator to create new design and thinking from joining opposing elements through parametric design and 3DP; as 

contextualised, I mapped other major practices onto these keywords (Fig 75) in order to articulate my position (Fig 76); I further evaluated the most effective 

opposite elements in my most recent practice (Fig 156). Researchers can potentially change all the keywords, such as the body, fashion, textiles, parametric 

design and 3DP, to discover what might be the mediator of opposites for generating their original design and thinking based on their own inspirational 

concept, relevant contextual study, projects and expertise when encountering new territories (for me, the new territories are parametric design and 3DP). 
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7.2.2 NEW ALGORITHMS FOR 3D PRINTING

Apart from parametric thinking, the originality of this research also lies in the novel use of software applications (Rhino, eVe|Voronax, GH, Freeform 

Origami and Rigid Origami) to create new sharable algorithms/definitions for 3DP. The first two algorithms are GH definitions of the top-layer cells/beads 

(Fig 118) and zigzag threads (Fig 119) in building hexagonal tessellation in the project ‘Inter-fashionality’. As mentioned (5.3), the inspiration for this pattern 

was developed by Zomparelli by using Tissue and Blender animation software only31, and some factors of his design cannot be fully parametrically changed, 

such as the smoothness of the edges of individual elements. In a different way, I developed the hexagonal tessellation through the Rhino software platform 

combining GH and eVe|Voronax. While eVe|Voronax allows random points to be drawn manually by the user for the density/layout of each of the elements 

within the hexagonal tessellation, the GH definitions further allow the user to freely and parametrically change all the factors (such as the thickness of the 

hexagonal tessellation, the diameter of the underneath mesh, the sizes, thickness and tilt angle of individual elements, the sizes and tilt angle of the holes in 

these elements, and the smoothness of every edge from the surface of individual element up to the hole). 

The next algorithm is the one I developed for creating a 3D woven pattern (Fig 169-171) in the project ‘Fold-the-Interfashionality’. As described (6.1.2), I did 

not follow the common rule, ‘an input and an output’, set by Mode Lab in its third edition of The Grasshopper Primer (2015: 38) (guidelines for using GH), and 

in not following this common action, I inserted two active numbers to a parametric component. This led me to create a new algorithm for a three-dimensional 

woven pattern, which contains an array of curved filaments on both sides of a plain/ordinary woven pattern. To my knowledge, until now there has been no GH 

algorithm building such 3D woven geometries. I also used the newly developed algorithm onto selected surfaces (Fig 189, 190) of a folding pattern made from 

31　Confirmed by Zomparelli on 15 May 2020 through a Facebook message sent by Mingjing Lin (Lin, 2020) 
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Freeform Origami and Rigid Origami software. Therefore, both the 3D woven pattern and the folding pattern with 3D woven surfaces are original in structure. 

As such, these new algorithms, and the approach of combining the algorithms with other relevant software, offers advantages for designers, practitioners and/

or researchers who are willing to create the same or a similar pattern using these software applications. I used these patterns in a bodily context (draping them 

on a virtual mannequin Fig 174-179), and encourage not only fashion and textile practitioners, but also architects and product designers, as well as engineers 

and/or material scientists, to experiment with these algorithms and approaches (1.4). Thus, this aspect is not limited to specific disciplines. In terms of my 

current research and its niche in the market, I have just begun to disseminate the algorithms to the potential users described above, but redact these in the 

thesis.

7.2.3 PARAMETRIC DESIGN 2.0

Another aspect includes the physical outcomes, 3D-printed forms, shapes and patterns: the 3D-printed folding patterns with woven surfaces (Fig 190), and the 

3D-printed woven pattern with curved 3D filaments (Fig 225, 226). As mentioned, these designed patterns are original in structure; in addition, I was the first 

to use Sinterit 3DP technology to produce these designs. Thus, these physical 3DP outcomes – the combination of 3DP outcomes and handmade pleating, 

as well as the entire process of designing, modelling, making and performing which constructs the project ‘Fold-the-Interfashionality’, can be considered as 

Parametric Design 2.0, a notion that echoes Parametric Thinking 2.0. Unlike the use of parametric design in architecture, the new approaches and outcomes 

of ‘Fold-the-Interfashionality’ indicate that Parametric Design 2.0 is not about using parametric tools and parametric modelling software to create architectural 

forms (1.3); nor is it about separating fashion and textile design and making from the use of parametric design (Chapter II), but rather about encompassing 
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fashion and textile hands-on knowledge (such as pattern-cutting, textile making and the sensibility of the worn material) and considering body shape and 

movement in the development of parametric and 3D-printed designs.

Like the algorithms, this aspect is not limited to specific disciplines. Visual and tangible designs may be useful more widely in offering practitioners inspirations 

in other applications, such as sportswear, vehicle interiors, a building façade and even nano-materials. Michal Krzak, marketing communication manager at 

Sinterit, valued the design I created based on the new algorithms, as engineers from textiles, product, automotive and interior industries can all potentially 

learn from these flexible and intertwined structures (Krzak, 2019). They can also use other techniques/technologies to generate new designs: for instance, 

using the 3D weaving technique to create folding patterns for medical uses. I am also willing to collaborate in exploring the potential of these newly developed 

forms/shapes/patterns in other fields.

‘Inter-fashionality’ was the defining moment of this research when all the practical and theoretical elements were interwoven to generate these four features 

of parametric thinking 2.0: algorithm-based technology, body dynamics and materiality, fashion and textile practice and interdisciplinary and intercultural 

thinking, as explained in 5.5. ‘Fold-the-Interfashionality’ is an elaboration of ‘Inter-fashionality’, and it discusses the central concept of new parametric thinking: 

the body mediates opposites and innovation comes from the transformations between opposing elements. 

The description above shows that the research goes beyond the application of cutting-edge digital tools into a discussion of the deeper relations between 

our practice and the digital culture we encounter. The ongoing project related to functional 3D-printed nano-cellulose, for which I collaborated with material 
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scientists at KTH Royal Institute of Technology in Sweden, and the ‘Bond’ project: 3D-printable interactive textiles as a second skin which can respond to 

viewers’ behaviour, have shown that 3DP goes beyond the most common technological and material categories, and can drive innovations that are outside 

the current realm of techniques.  In The Second Digital Turn: Design Beyond Intelligence, Mario Carpo advocates that technology no longer only serve as a 

tool for 'making' but also as a tool for 'thinking' (Carpo, 2017: 7). In this research, 3DP and parametric design are not only technological tools for celebrating a 

technophilic exuberance or favouring an esoteric design process (Schumacher, 2016), but devices that challenge the way we design and influence the way 

we think. More importantly, my examples of working with 3DP and parametric modelling (Fig 121,126, 127, 168, 169 and 170) have proved that innovative 

design and serendipity can come from the use of these cutting-edge digital technologies. I allowed - in fact, intentionally invited - these unknown and 

unforeseen results (some might define them as ‘mistakes’) to occur during the use of unfamiliar technology. It unfolds a richer layer beyond the objects and 

computational formulas, reaching into my thoughts, minds and spirit; unpacking my experienced and intuitive inner voices as a creative maker. 
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7.3 ANALYSIS OF THE RESEARCH 

An analysis of the complete research journey (Fig 228) demonstrates how the keywords/focuses are developed from each activity. The upper part of this 

infographic shows chronologically the titles and dates of the activities (initial explorations, four main projects, one conference and three side projects); they 

are categorised into five stages depending on the focus and the level of depth of the study involved. While detailed project descriptions can be found in 3.1 

and Appendix 4, each vertical column presents the keywords/areas of each activity. The words in the green blocks show the most relevant keywords and 

how they continued or were altered to the final keywords; the words in the purple blocks give the important literature and contextual studies; the terms that 

are not highlighted became less important in the end. 

To be more specific, at the beginning of this research (stage 1), my plan was to design more flexible 3D-printed materials by using conventional techniques, 

such as knitting. All of the explorations at this stage were about finding flexible structures of traditional techniques and understanding 3DP. This technical/

technological hunting and gathering was soon developed into three projects that speculated on a wide variety of themes at the second stage. This included, 

as mentioned in Chapter IV, embedding face-recognition technology, 3DP and a pinhole camera into the textiles, moving the textiles by electronic servers 

and auxetic structures, creating interactive and modular systems to allow consumers to be involved with 3D-printed garment design, as well as speculating 

on future human and wearable technologies. At the third stage, I took a break for personal reasons and also conducted a scientific collaboration. However, 

this project once again took another distinct path, exploring how design can contribute to developing innovative phase-change nano-cellulose for smart 

textiles, which could be 3D-printed and used as functional garments. My return to the PhD study involved the most struggles but was also the most exciting 

period. I stopped making anything and fully immersed myself in narrowing down the research and finding the specific research question(s). Self-questioning 
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and self-reflection did not help the research go anywhere, I then sought answers from other practitioners and scholars in relation to 3DP: I studied their work, 

compared them with mine, conducted a conference, asked the questions I was not able to answer, studied the literature and tried to find intelligent guidance 

through theories such as parametricism, Deleuzian theory, fashion and modernity. This led to the final-stage consolidation of the research keywords (3DP, 

parametric design, human body, fashion, textile fluidity and parametric thinking) and the research direction: to investigate body-oriented parametric design 

and parametric thinking for 3D-printed textile and fashion design. 

In retrospect, I am satisfied that I have maintained a continuous study of 3DP, allowed myself to explore various technologies, have been able to consolidate 

the research in the middle and delivered not only practical work (3D-printed textile and fashion design and performance) but also a thesis and philosophical 

thinking. 3DP has been my key focus in almost all the activities. There is only one side practice, Cyborg Skin, which did not focus on 3DP, but it is still helpful 

to this research as it highlighted ‘becoming’ in a futuristic speculative way (Fig 78). In terms of the keywords related to technology, I am also glad that the 

cutting-edge technology was made specific to parametric design after exploring many different types of technologies at stage 2 and 3, when I had the 

chance to both broaden my knowledge (exploring more areas) and to learn to narrow down the research. The concept of the human body was another important 

keyword that was taken from the exploration of human-technology interactions in the projects at stage 2. The essential transitional time was the conference I 

organised. It was precisely during and after the conference that I started to learn from others (architects, materials scientists, engineers, scholars and other 

3DP designers), reflect on my design and deliberately differentiate my fashion and textile design approach from those of others. This encouraged me to 

realise my strengths and emphasise my background: fashion and textile design and an understanding of the material from the perspective of its interaction 

with the human body. 
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Thus the research revealed a shift in my attitude towards digital technology and the awareness of my design and cultural background, as follows: 1) I 

questioned the technology and technique that was used in 3D-printed fashion; 2) I became obsessed with technology, even holding a view that 

tradition could be replaced by modern technology; 3) I embraced the ambivalence of modernity and tradition, 4) I proposed a new model of 

parametric thinking in order to fulfil oppositional transitions between notions, such as Eastern and Western design elements, craft and digital 

making. 

Central to the changes is the fact that I recognised that creativity can be generated from joining seemingly unlikely partners in my practice. This influences 

me as a fashion designer and has changed my design approaches: I no longer limit myself to the familiar techniques, such as draping and hand making, but 

instead I have chosen to combinine my knowledge of craft with the newest digital technology; I no longer make a project all by myself, but began to learn 

from and collaborate with others; I no longer source design inspirations from either Eastern or Western culture alone, but started to use diverse elements from 

a range of resources. Although I started this research as a fashion designer, all of the experiences made me open to all sorts of influences and inspirational 

concepts and technologies, such as 3DP nano-cellulose, body architecture and auxetic textile structure: I would have never known of their existence without 

this research. These experiences have once again suggested that the creative serendipity will eventually emerge as long as I make myself available to 

embrace the chance encounters with unfamiliar knowledge and/or outcomers.

7.4 THE FUTURE CHAPTER

I therefore intend to use the newly developed framework of this body-oriented parametric thinking to progress my future interdisciplinary and collaborative 
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projects. Although the keywords will remain as 3DP, parametric design, human body, fashion and textiles, I am passionate about learning how will the key 

features of parametric thinking 2.0 will operate in my next project. Does the body still matter, and if so, does the body still matter in the ways that I proposed 

in this thesis? Will the interchanges between the eight pairings of opposites continue to generate creative 3D-printed fashion and textile practices? Moreover, 

this research is based on a phenomenological approach related to my experience of design and making. Through the design of 3D-printed textiles and 

fashion, by using parametric programmes, I have found a way to navigate and merge apparent opposites in order to create bodily practices. So what 

about the bodies of others, such as dancers, collaborators and stage designers? Does the body still matter to them, and in what way? This refers to my 

encounters with others, the final aspect of the concept of the body (3.2), in which 'the body' indicates a group of people (not just me, but others) who have 

similar international and interdisciplinary backgrounds. I want to investigate how, or rather whether, parametric thinking 2.0 is evident in and beneficial to 

their practices. On the other hand, will other practitioners’ and/or researchers’ work help to enrich parametric thinking 2.0? Essentially, I am keen to find out 

what the new parameters and serendipity will be, especially when my practices of 3D-printed and parametric fashion and textiles are involved with more 

sophisticated human interactions?



265

THE END
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Appendix 1

MAJOR ADDITIVE MANUFACTURING CATEGORIES AND MATERIALS
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Appendix 2. Volatility

Outstanding pioneering creations by others, the latent study (Appendix 2 and 3) explains the concept of ambivalence from Razinsky and its association with 

the creativity of the 3D-printed fashion and textile phenomenon. I have titled it ‘Volatility’ – in computer programming, the term volatile1 is often used to describe 

uncertain data, which symbolises the ambivalence in digital design. 

Appendix 2.1 THE AMBIVALENCE OF FASHION

Appendix 2.1.1 THE ETYMOLOGY OF AMBIVALENCE

The etymology of ‘ambivalence’ ( originally noted in 1912 as ambivalency) is rooted in the German ‘Ambivalenz’, whose origin comes from Latin ambi- ‘both, 

on both sides’ and valentia ‘strength’, abstract noun from the present participle of valere, ‘to be strong’.2 The word was coined by Swiss psychologist Eugen 

Bleuler in 1910 as a psychological term, and it had taken on a broader literary and general sense by 1929. In Collins English Dictionary, ambivalence is 

understood as ‘the simultaneous existence of two opposed and conflicting attitudes, emotions, etc.’ 3

From a dictionary explanation, there are three notable aspects of ambivalence: it describes the state of simultaneity or a pair of polarised elements, and it 

is often used as a psychological term. As a practitioner, I occasionally see, define and think things differently at the same time, such as liking and disliking 

a design, loving and hating a type of technology. I have never considered ambivalence to be a problem; on the contrary, I have always found it inspiring, 
1　Volatile Data: There are two major types of data in parametric modelling: volatile and persistent data. While volatile data is in a changing state every time a new programme starts, persistent data is 
specific data set by users (Payne, 2015: 47).
2　Online Etymology. http://www.etymonline.com/ (accessed: January 20, 2018)
3　S. Anderson, Collins English Dictionary – Complete & Unabridged, 10th Edition, London: Collins, 2009.
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because conflicts in thinking lead me to explore things dynamically. I thus question whether this ambivalence is related to, and even triggers, creativity in my 

process of designing 3D-printed fashion and textiles.

Appendix 2.1.2 WHAT DOES AMBIVALENCE MEAN? 

The importance of understanding the concept of ambivalence in modern philosophy, especially in relation to mental attitude, was formulated and intensively 

researched by Hili Razinsky, in her 2017 book Ambivalence: a Philosophical Exploration. 

Razinsky stated that people are always ambivalent, so ambivalence is first and foremost a regular phenomenon in everyday life (Razinsky, 2017: 3, 37). 

The second point is that ambivalence in many theories is often ‘disregarded, denied or reinterpreted’ in terms of fundamental discussions on ‘subjectivity, 

action, belief and value’ (Razinsky, 2017). However, Razinsky argued that ambivalence should not be considered as a problem. The philosophical aspect of 

ambivalence from a practitioner’s perspective can be found in my experience of working on 3DP: it is difficult to come to a definite conclusion about whether 

3DP is appropriate for fashion design. I am in favour of this technology, as it offers the possibility of creating innovative geometries, while I feel disappointed 

about this technology, as 3DP today still cannot offer a wide range of options in terms of materials. 

Second, ambivalence is a regularly occurring phenomenon: a person can hold two opposing attitudes over time towards one thing, and opposing attitudes 
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Fig A. THE UNITY OF OPPOSITES, Mingjing Lin, 2014

vary from person to person. Thus one of the main characteristics of 

ambivalence is that it involves two different and conflicting attitudes in 

the same person. ‘Opposing attitudes’ implies that the attitudes held by 

this person are like opposing facts. Ambivalence might involve personal 

judgements about what is opposed or conflicting. That is to say, apart from 

some widely accepted antonymic phrases, such as above and below, left 

and right, there are many antonymic phrases relating to ambivalence that 

might vary for different people. For instance, the opposite of love might be 

hatred, unhappiness or dislike.

According to Razinsky, in some theories ambivalence is marginalised and 

considered as a problem, and many attempt to solve it. Yet she indicates 

that ambivalence is not necessarily a problem. Very often, I do not wish to 

resolve ambivalent attitudes but to embrace them: my previous designs 

were inspired by the conflicts that happened during the design process. 

The project entitled ‘The Unity of Opposites’ (Fig A) is one example in 
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which my opposing feelings towards something, for instance the love and dislike of technology, in this case a needle-punching machine, embrace and reject 

one traditional craft, basketry, and became my design methods and inspiration. This ambivalent feeling was embraced by combining conflicting elements in 

one design, such as the application of eastern and western elements of design from the ‘Inter-fashionality’ and ‘Fold-the-Interfashionality’ projects. With the 

experience of several projects, I have even begun to seek out conflicts or ambivalent attitudes in order to design something innovative. 

This links closely to the third aspect of ambivalence: ambivalence itself is not a problematic issue, and has potential value from my perspective, since it can be 

associated with functionality and creativity. In contrast to Bayesian decision theory, which focuses on making the best choice, Razinsky argues that ‘ambivalent 

people can behave in creative ways’ (Razinsky, 2017: 37). She particularly mentions a complex yet common case in which ‘a person wants to A  and does not 

to want to A and acts in a way that is both A-ing and not A-ing . When the aim of the desire is detached from an immediate or complete action, a wider field 

may open for acting with both poles in a creative and successful manner’ (Razinsky, 2017: 253). 

In the Fig B, both the points of ‘A’ and ‘not A’ are polar opposites, the ends pointed out by a black straight line. Besides the darkest line, there are different 

shades of grey lines implying the situations of ‘A-ing’ and ‘not A-ing’ referred to by Razinsky. The A-ing and not A-ing area is where the creative act comes 

from, for those routes do not fully follow the path of ‘A’ nor ‘not A’, but swing and direct to somewhere new. It creates some blurring of the definition of things, 

which might still be under-discovered. The A-ing or not A-ing equates to ‘becoming’ or ‘in transformation’, which will be explained in Chapter IV.

That is to say, ‘Ambivalence often involves creative compromise behaviour that forms an ambivalent yet substantial direction in the person’s life. Ambivalence 
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Fig B. The graphic of ambivalence, Mingjing Lin

allows for compromise action, in which we jointly fulfil both opposed desires: 

consider a painter who, wanting and not wanting to paint realistically, 

produces crossed-out realistic paintings’ (Razinsky, 2017: 51). As can be 

seen from the diagram, the core/centre of those lines has never changed, 

and contains ‘both opposed desires’, while the creative compromises are the 

unexploited directions marked by the rotating lines.

Last but not least, Razinsky points out that the two poles of ambivalence are 

mutually and jointly connected and associated with the person. It seems 

from a practitioner’s perspective that the opposites or polarised conflicts 

that are associated with ambivalence might not only trigger innovation, but 

also prompt interconnecting and joining, more specifically by the person. In 

other words, opposites are often relational and related to the creator’s inner 

voice, and they are in a fluid state. As such, the core/centre of the graphic 

of ambivalence is built on the person’s thoughts and it is the human, the 

person, myself, that links the opposites. It is directly reflected on the material 

level that the human body, such as my body and the performers’ bodies, is 
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the host/media which joins conflicting elements, such as digital technology and craft, static and flexible design.

To sum up, researching into ambivalence is valuable, since ambivalence can trigger creativity by fully understanding the relationships between the polar 

opposites within ambivalence. Ambivalence as a psychological term has been studied intensively in philosophy. However, fashion and textile designers 

fundamentally work with tactile materials, as Negrin (2016) has described. From a textile and fashion practitioners’ point of view, the discussion above has led 

me to rethink the conditions of ambivalence, not only from a psychological aspect but also in terms of the physical material and the objects we are connected 

with and attached to. The relationship between objectivity and subjectivity, material and immaterial, was assessed as a latent study, which can be found in 

Appendix 3. In the study, concepts of intersubjectivity and Winnicott’s notion of the transitional object provide a fundamental basis from which to understand a 

practice-based research that crosses both psychological and material investigation.

What is more, when commenting on a topic, an object or another person, ambivalent attitudes often emerge based on the fact that these subjects are not 

consistently in a stable state, but in one that is changeable, uncertain, ambiguous or volatile. Thus, to fully understand ambivalence, and to concretise this 

psychological term from my perspective as a practitioner, is to pair ambivalent attitudes with the ambiguity of things.4

4　Ambivalence indicates a person’s conflicting attitudes towards one thing at the same time. Ambivalence in fashion expresses our attitudes towards a specific fashion-related medium: for instance, 
liking or disliking a piece of fabric, a design process or an end product. The conflicting attitudes highlighted by Razinsky are simultaneous and move towards one thing. Ambiguity, on the other hand, 
suggests that something is vague, uncertain and changing, or has several possible meanings or interpretations (Tormey and Tormey, 1983), and it is a word that is more often used to describe things 
than people.
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Appendix 2.2 THE AMBIVALENCE TOWARDS DIGITAL FASHION

How could we read ambivalence and ambiguity in a digital fashion context?  Are ambivalence and ambiguity traceable from 3D-printed fashion and textiles 

pioneers’ work? 

First of all, the inseparable relation between fashion, textiles and the advancement of digital technology have long been discussed by researchers, including 

Elizabeth Wilson and Joanne Entwistle (2001), Christopher Breward and Caroline Evans (2005) as well as Jane Harris and Sarah Clark (2012). Modernism, 

as a movement, celebrates modernity. It is a culture that has developed through many avant-garde creations. Fashion is, paradoxically, both avant-garde 

and part of popular culture for ordinary people. This ambiguity is also reflected in the ambivalence with which fashion reacts to technological innovation (Lin, 

2017). Some fashion designers, such as Issey Miyake, Alexander McQueen and Hussein Chalayan, adopt the latest technologies (Quinn, 2002), whereas 

others avoid the cultural material changes of technology in favour of familiar traditions of clothing production techniques. Whilst fashion has often embraced 

innovations in technology as a symbol of the new and the future of modernity itself, it also addresses our everyday dress cultures.

Embracing the culture of ambivalence, such as using advanced innovation at the same time as being rooted in tradition, seems to be an important approach 

for many fashion designers to create attractive and innovative designs. For instance, the work of Japanese fashion designer Issey Miyake, who creates 

pleating based on the technical development of chemical fibres, at the same time contains historical, craft and Eastern cultural references. Iris van Herpen, as 

another example, is very focused on traditional craft, but at the same time uses the latest technology in her designs.
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Fig C.Flexible resin, Formlabs, image in 
Flaherty (2014) 

  Fig D. 3D-printed human organs, Organovo, image 
in Krassenstein (2015)

Fig E. 3D-printed inflated structures, Fergal Coulter                                       

Secondly, in terms of 3D-printed fashion and textiles, I propose to read a culture of ambivalence and ambiguity through both physical and conceptual 

aspects of examples of pioneers’ work. The physical aspect is related to the 3D-printed materials that have changing degrees of possibility, with a range 

of characteristics such as the Stratasys multi-colour and multi-material printer that enables printed material to change from rigid to flexible, hard to soft; the 

conceptual aspect reveals how I read the concept expressed through design, and I suggest that two words, familiar and unfamiliar (2.2.2), are key to an 

understanding of my conflicting attitudes towards 3D-printed fashion and textiles.  

Appendix 2.2.1 FROM RIGID TO FLEXIBLE 

There are more and more available material options for 3DP, ranging from the FDM technique, such as flexible thermoplastic elastomer filament Ninjaflex and 

WolfBend, to the SLS (selective laser sintering) technique, such as the rubber-like material DuraForm Flex by 3D Systems, and powder-based sintering by 

the Polish 3DP company Sinterit. I was the first to use this material for printing intricate interlocking and knitted-like structures in the ‘Fold-the-Interfashionality’ 

project. Many innovators are developing new materials or new ways of printing – for instance, the flexible resin created by Formlabs (Fig C), biomaterial based 

on human tissue by Oraganovo (Fig D) and elastomer silicone (Fig E) developed by Fergal Courter. 
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From material options to parametric modelling, ‘a wider variety’ has become a feature of 3DP in fashion. Admittedly, from the studies in Fig 9, it can be seen 

that the early era of 3DP in fashion (2010-2012) was limited in the choice of materials. SLS and SLA, printed by the Materialise machine, have been the basic 

techniques in van Herpen’s work. In her ‘Escapism’ collection, four pieces of 3D-printed garments were printed using polyamide-based SLS, and the semi-

transparent piece in her ‘Hybrid Holism’ collection was in the SLA technique. Both of these materials were rigid at that time. Although there were flexible, chain-

like structures, such as the garment created by Freedom of Creation, the material of every individual element was still quite rigid in nature.

Later on, the application of 3DP in fashion was no longer only associated with decoration or ‘showpiece’ works for fashion catwalk shows, and there have 

been more and more advanced and wearable materials assisting the creative process in fashion. For instance, in 2012, Stratasys produced the Object500 

for multi-colour and multi-material purposes; in 2013, Recreus launched the soft filament Filaflex for the domestic FDM machine, and Materialise launched the 

first fully functional flexible material, TPU 92A-1. Not long afterwards, these innovations were applied to fashion. Architect Julia Koerner and Iris van Herpen 

collaborated on a dress by using flexible material by Materialise, Danit Peleg printed an entire lace-like textiles and fashion collection at home using the 

extremely soft Filaflex filament, and threeASFOUR used Stratasys nano-enhanced flexible material to print flexible, interlocking structures.

Even though some people still question the wearability of 3D-printed fashion compared with the ordinary garments we wear on a daily basis, I believe that 

3D-printed garments and textiles should never aim to compete with, nor to replace, those of traditional design, such as a simple T-shirt made out of cotton, 

but to open up new possibilities that go beyond the requirements of daily wear. For instance, 3DP enables designs to have highly complex and imaginative 

geometries, which are unlikely to be created by alternative methods. High-profile companies are also investing in 3DP fashion and are keen to make changes 



CHAPTER  II   CONTEXTUAL REVIEW

276

in high-performance and profitable materials (Lipson and Kurman, 2013: 82). The 3D-printed cleats of the Nike Vapor Laser Talon football boot, realised in 

2013 and the 3D-printed track spike for the sprinter Allyson Felix are two examples, both aimed at enabling athletes to perform better and faster. In these 

cases, new possibilities for 3DP from material, design or commercial perspectives are being discovered, and do not necessarily compete with Nike’s more 

mature/established shoe production. Thus, embracing ambivalence is reflected in the idea that technological innovation can co-exist with convention: 3DP 

prompts new applications, and even potentially provokes new thinking in fashion and textiles, rather than completely erasing conventional design, garment 

and fabric manufacturing.

Appendix 2.2.2 3D PRINTING PARAMETRISES THE MATERIAL PROPERTIES

Parametrising the 3DP material properties is another aspect that coheres with the concept of embracing conflicts: different material properties co-exist and 

even become interchangeable through the use of 3DP. This is first linked with material development: as the nature of 3DP is to digitally build objects by 

adding material point by point; it can be programmed to print objects that contain multiple materials and colours. One of the most significant example is the 

Object 500 Connex3 printer by Stratasys, that offers up to 82 different material properties with various colours and varying hardness within one printed object. 

Designers including Neri Oxman, threeASFOUR and Behnaz Farahi have used this machine to create their multi-property fabrics. A material sample (Fig F) 

offered by IPF printing service at RCA RapidForm enables some parts to be stronger than others  based on different digital set-ups. The degrees of hardness, 

from 95 to 27, are all printed at once within one object. It is not difficult to imagine that this kind of material could be used in clothing designs requiring both 

hard/rigid and soft/flexible functions, and even the seamless transitions in between. 
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Fig F. IPF sample, testing by Mingjing Lin
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Fig G. Kinematic dress, Nervous System, analysis by Mingjing Lin

The second aspect is the innovation of 3D modelling 

tools. Even though some designers have used a 

single material, with the help of parametric modelling 

tools they could create varied geometries. Those 

geometries help to generate different possibilities, 

especially when the fabric interacts with the body. 

One example of how 3DP creates a difference through 

parametric design is the kinematic dress by Nervous 

System, with the detail showing how the front of the 

dress wrinkles in an interesting way. As highlighted 

in the image, numbers 1-4 are smoother, while 5 and 

6 are quite sharp. The shapes of the lines depend on 

the sizes of the elements, the position of each one, 

the wearer’s body shape and her movement.
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The graphic (Fig H) shows the relationship between the material properties (softness, flexibility and material development) and the human body. When 

3DP started there was less consideration of the relationship of the material with the body. Although designers like Freedom of Creation have designed their 

interlocking structure as fully flexible fabric, they are less likely to consider fashion concepts, namely garment and body constructions. With technological 

improvements there are more and more materials and techniques available, which have driven designers to rethink the flexibility of 3DP; what else can 3DP 

do? What are the other parameters of 3DP? How could this technology integrate with the human body, especially in relation to body shape and movement? 

These questions also trigger some fundamental enquiries about the role of the fashion and textiles designer in developing material-based and body-focused 

design within the current context of digitalisation. 
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Fig H. Case study analysis of 3D-printed garment and body relations, Mingjing Lin
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Fig J. Skeleton dress, Iris Van Herpen, 2011                             Fig K. 3D-printed element, Iris Van Herpen, 2013                          Fig L. Pangolin dress, threeASFOUR, 2016, image in McKnight (2016)

Appendix 2.2.3 FAMILIAR OR UNFAMILIAR

The Figure I5 shows my ambivalent attitude towards the familiar and unfamiliar 3DP examples in fashion and textiles. In the dialogue between Andrew Bolton 

and Iris van Herpen, the fear of technology is described as connected with fashion, especially with the rapid development of cutting-edge technologies 

(Bolton, 2016). At a material level, the ‘Skeleton Dress’ (Fig J), designed by van Herpen, the 3D-printed spiky elements (Fig K) from her ‘Wilderness Embodied’ 

collection and the ‘Pangolin’ dress (Fig L) by threeASFOUR , among others, can all be read as metaphors, illustrating an irritating and unfamiliar situation 

through their harsh geometries. These designs seem to communicate the anxiety that we humans experience in our encounter with technology.

5　In the Fig I, I selected the texts in grey, such as harsh, embedded, anxious and secure, to express my subjective understandings of pioneering 3DP fashion practices in 
relation to the oppositional words familiar and unfamiliar. These words were marked in grey, as a word cloud, and helped me to find the two key words: familiar and unfamiliar. 
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Fig I. An analysis of 3D-printed garments and concepts
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Paradoxically, other 3DP work and design processes can be understood to express how approachable 3DP can be. Cutting-edge technology, in this sense, is 

not, or should not become, something that scares people away, and the designs, both physically and mentally, connect us with technology by embedding the 

unfamiliar technology into our familiar clothes of everyday life. For instance, Danit Peleg printed her entire fashion collection at home using a desktop printer 

(or domestic printer, which is more accessible for a broader audience because of the reasonable price of the filament and printer and the simpler process 

compared with industrial machines). These garments were inspired by a ‘mesostructure’, developed by Andreas Bastian, and are very flexible and fitted to 

the body. Further, Peleg generously shared the whole design and making process online to educate people who are interested in these techniques, unlike the 

approach of many fashion designers who prefer to hide their making process/techniques as a trade secret. 

Nervous System, as another example, used Java programming language to script the dresses and create foldable and flexible designs. It also references the 

4D concept, that the dress can be closely fitted to the body and yet change with body movements. The kinetic fluidity provided by functional 3D structures 

are closer to ordinary clothing that we wear on a daily basis. The fluidity and dynamics influenced the research, especially in terms of raising the awareness of 

body shape and movement. The team also created web-based design apps, such as Cell Cycle and Radiolaria, enabling users to design complex geometries 

by simply playing around with the interactive buttons, to 3D print and to deliver the design to their home.

Fig M. 3D fashion design and the making process, DANIT PELEG                                                                                    Fig N. Kinematic dress 1, Nervous System
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Therefore, while some 3DP designers’ work can be linked with an anxious scenario where our fear of future technology is expressed through unfamiliar/

provocative designs, like work by Iris van Herpen and ThreeASFOUR, others are endeavouring to popularise 3DP through the creation of a more engaging, 

fun concept or by sharing their design and processes to a broader audience, rather than hiding the secret of making. These conflicting approaches to 3DP in 

fashion exemplifies my ambivalent attitude towards technology: on the one hand, technology is considered to be bodily invasive, which can raise our fear and 

anxiety, as a technophobe would say (Brosnan, 1998: 10, 11); on the other, technology can offer us human comfort, even to the extent of making us addicted 

to it, as a technophile would assert. This is as Fortunati, Katz and Riccini put it (2003: 1), ‘the integration of the human body with technological devices 

increases the anxiety of many, and the delight of others. ’ Yet, what is also evident from others’ work is that in light of cutting-edge digital development, it 

seems that the conflicting components are in a transitional status and could even be further programmed or mediated into opposites, such as switching 

oppositional material properties (soft and hard) by digital set-ups. Thus, in Chapter IV I would like to further argue from my practice: what do I think of 

ambivalence and ambiguity, and how would I engage with the conflicts and uncertainties? 
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Appendix 3

MATERIAL AND IMMATERIAL

When picturing this research, on one hand there are the tangible sketches, needle and thread, the fabrics and the 3D-printed textiles, while on the other, there 

are the intangible conversations, thoughts, a transient idea. What is the relationship between them?

The concepts of intersubjectivity and the transitional object both address the possibility of researching the object and subject, material and personal 

aspects together. The former suggests a way to understand research in a shared context, while the latter addresses the fact that there is a transitional area 

in which spiritual ideas can be translated through physical materials. These concepts thus lay the foundations for researching the psychological concept of 

ambivalence in the material culture of fashion. 

INTER-SUBJECTIVITY

‘The word “objective” becomes, of course, quite quietly obsolete; and the word “subjective”, which normally confines you within your skin, disappears as 

well… The world is no longer “out there” in quite the way it used to be… There is a combining or marriage between an objectivity that is passive to the outside 

world and a creative subjectivity, neither pure solipsism nor its opposite… Somewhere between these two is a region where you are partly blown by the winds 

of reality and partly an artist creating a composite out of inner and outer events’ (Bateson, 1978: 244-5). 
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Subjectivity and objectivity, ‘psychic reality’ and ‘external reality’ (Winnicott, 2005) are inextricably intertwined. For instance, I not only examine 3D printing 

through personal practice, but also consider individual cases within their social background from time to time; and this research does not merely consider 

3D printing as a technique that produces objects from digital files, but also scrutinises the applications, relations and interactions between humans and 

technology. The area between object and subject, inner and outer event, in some fields has been defined as intersubjectivity and linked with Winnicott’s notion 

of the transitional object (explained in a later section), observed in 1951. The research agrees on the importance of intersubjectivity, especially in terms of the 

interdisciplinary approaches used during practice.

Intersubjectivity is often considered as an interdisciplinary concept (Gillespie, Cornish and Crossley). ‘It refers to agreement in the sense of having a shared 

definition of an object. Going beyond simple sharing, inter-subjectivity has been defined in terms of mutual awareness of agreement or disagreement and 

even the realisation of such understanding or misunderstanding’ (Gillespie and Cornish, 2010). In addition to this, Gillespie and Cornish (2010) translated 

intersubjectivity as the variation of possible relations between individual perspectives towards things. In this sense, Intersubjectivity evolves both physical and 

psychic, individual and subjective aspects. 

Another aspect observed by Gillespie and Cornish in 2010 is that the separation between the two disciplines of psychology and sociology has halted 

the development of research on intersubjectivity, since psychology and sociology focus on studying individuals and social facts separately. As such, 

intersubjectivity lies between the polar opposites of objectivism and subjectivism, and it often refers to mutual agreement built by a small group of people 

rather than individuals or majorities (Savin-Baden and Major, 2013: 59). In this sense, 3D printing in fashion and textiles is currently moving beyond ‘rare 
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and individual’ cases towards being an intersubjective phenomenon, which is already beyond a ‘never-seen-it-before’ situation (individual) and has not yet 

spread to the majority of fashion and textile design contexts. At this early stage of the application of 3D printing in fashion, only rare and one-off cases have 

been seen: for instance, Jiri Evenhuis and Janne Kyttanen designed the first fully functioning 3D printed jacket with a flexible and interlocking structure; Iris 

van Herpen, in 2010, showed the very first 3D-printed haute couture collection. With the developments in 3D printing, there is a group of designers who have 

started to experiment with this technology and even expand it to a commercial level, which to a certain extent indicates 3D printing’s wider influence and 

acceptance; examples include Danit Peleg’s fluid 3D-printed fashion collection ‘Liberty Leading the People’ and VOJD STUDIOS’ 3D-printed jewellery, sold via 

luxury boutiques and platforms, including FARFETCH, LUISAVIAAROMA, MODAOPERANDI and FORZIERI.

The discussion of individual cases in relation to the majority further indicates that intersubjectivity is engaged in revealing both explicit and tacit knowledge, 

which was addressed by Negrin (2016) when he referred to Merleau-Ponty’s work: ‘One’s awareness of one’s body is not just influenced by physiological 

changes in the body or by physical changes in the environment in which one finds oneself but also through one’s encounters with others’ (Negrin, 2016: 119). 

In Merleau-Ponty’s theory of embodiment, intersubjectivity is both explicit and automatic (Merleau-Ponty, 1945), and represents behavioural orientations to 

other people. The observation of behaviours rooted in embodied theory ‘gives access to some of the non-reportable form of intersubjectivity’ (Gillespie and 

Cornish, 2010: 40). And these non-reportable forms often refer to behavioural and embodied knowledge when researching into intersubjectivity, which is 

argued by Crossley in the 1996 book Intersubjectivity: The Fabric of Social Becoming. As such, inner and outer understanding was emphasised again through 

a consideration of the body as an important factor.  
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TRANSITIONAL OBJECTS

The ‘transitional object’, a concept which is related to psychic and external reality, was first introduced by Donald Winnicott in 1951. The notions of ‘transitional 

objects’ and ‘transitional phenomena’ imply the ‘intermediate area of experience’ between psychic and external reality (Winnicott, 2005: 3). Transitional objects 

are neither subjective nor objective but share both aspects. Winnicott gave examples to suggest that transitional status is neither part of the person nor fully 

considered as external thing/object: an infant’s babbling and ‘the way in which an older child goes over a repertory of songs and tunes while preparing for 

sleep’ (Winnicott, 2005: 3).

RCA PhD graduate Yeseung Lee emphasised in her thesis the important role of the transitional object in the context of fashion research. ‘Transitional objects 

as the intermediate area between subject and object during the formation of subjectivity is significant in understanding not only the status of garments in the 

developmental process, but also in distinguishing the fundamental difference between thinking and making with the involvement of holding and handling 

tangible material which is in/out of control’ (Lee, 2012: 28). That is to say, the transitional object is specifically important for the fashion researcher since it 

emphasises the importance of researching those tangible materials that we are engaged with and have thoughts about. More importantly, the concept of the 

transitional object seems to prompt practice-based researchers to further examine the intermediate area, which contains both their thinking and objective 

facts, through their practices of making. For instance, the textiles/garments which are made and are tangible contain my thinking as a researcher and maker, 

yet they are no longer part of my body or my mind, but something that I feel attached to. I found these transitional objects, such as 3D-printed textiles and the 

algorithm I made in 3D software, to be intriguing, since for me they contain my thoughts, which are different from those of others, and might be original to all. 

The emotional attachment to a thing is fundamental in creating the definition of transitional objects, and researching into transitional objects is fundamentally 
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important for the practice-based researcher, since we have embedded ‘ourselves’ (our thoughts, ideas and judgement) in the objective material. 

The research into the intermediate area between the ‘inner psychic reality’ and the ‘external world’ – transitional objects and phenomena – is further explained 

as one of the main origins of artistic creativity (Winnicott, 2005: 3), since creativity for Winnicott is defined as the approach of the individual to the external 

world: ‘We experience life in the area of transitional phenomena, in the exciting interweaving of subjectivity and objective observation, and in an area that 

is intermediate between the inner reality of the individual and the shared reality of the world that is external to individuals’ (Winnicott, 2005: 86). And this 

intermediate area, according to Winnicott’s transitional objects and phenomena, enables the individual to find and to develop the self that is different from 

others; it is the place where creativity occurs. It thus translates the idea that through the examination of the transitional object we feel emotionally attached, and 

more likely to find our creative impetus (Winnicott, 2005: 92).
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Bond - 3D Printable Interactive Textile (Main Project)

Nov 2014 - Jan 2015

Keywords: 3D Printing, Cutting-edge technology, Changeability, Human-technology interaction, Conflicts

1) Purpose/question? 

To explore ideas 

To search and gather basic knowledge of wearable tech, smart textiles and 3D printing, especially from technical aspects, such as the variations of 3D printing, 

the smallest and printable unit for each printing type, as well as material and machinery availability at the RCA and in London

2) What happened during the creation?

a. Starting points: To imitate and replace weaving, knotting and other conventional textiles structure using 3D-printing related techniques; Seek out flexible 

structures

b. Stages of change: Speculative design; A kinetic concept (in terms of physical and psychological interaction and the relationship between humans and 

technology, the specific application of face recognition); Changeable textures, such as an auxetic structure

3) The outcomes:

a. A piece of interactive and 3D-printable textile, motivated by face-recognition technology and an electronic server, could move and change its pattern towards 

the viewers’ different facial expressions, in order to explore and reveal the hidden relationship between human emotion and textiles as a second skin. 

b. My first enagement with collaborative approach in a fashion design project.

4) Failures/Boundaries/Challenges

The design did not function as wearable clothes, but was a speculative project; Electronic wires could not be integrated with the garment very well, so sometimes it 

limited body movement; The battery of the electronic devices did not last long enough

5) How did this project inspire the following research?

I was not convinced I liked the electronic aspect of the garment; smart textiles might not be the main interest of this research. Instead, I still prefer 

natural relationships, namely the intimate interactions between fabric and the human body. 
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White Pixel - 3D-printed Textile Toolkits  (Main Project)
Feb 2015/April 2015
Keywords: 3D Printing, Wearability, Changeability, Functional decoration or Decorative functions, Embed technology
1) Purpose/question?
By using more common materials and techniques of 3D printing, to scrutinize the innovative design of this technology in a consumer fashion context; 
To discuss the functionality of 3D-printed fashion for the industry
2) What happened?
a. Starting points: Research into the materials and techniques of 3D Printing
b. Stages of change: Modular design research (ask consumers to get involved with the design, design their own pattern and we translate the pattern into printable 
3D files – design a 3D toolkit); Embed 3D printing into fashion design practice
3) The outcomes
10 pieces of 3D-printed assemblies joined with menswear. The 3D-printed assemblies are not dramatic/transgressive; they replace certain parts of the garment 
and complete the garment. They are, in a sense, not only accessories that are exclusive to the clothes, but part of the garment, and as such become a necessity. 
4) Failures/Boundaries/Challenges
Material limitations.
5) Impact
a. The project led me to think about the importance of the material, and I was even trying to develop new materials for 3D printing.
b.	 The	discussion	around	resolving	the	conflicts	was	generated,	specifically	in	hand-making	versus	machine-making,	decoration	versus	function.
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Cyborg skin (Side Practice)
Mar 15
Keywords: Speculation, Textile as a second skin 
1) Purpose/question?
A collaborative project to speculate on the future of textiles that could be considered as human skin. A group of cyborgs could potentially get all of the nutrition 
they need from their skin.
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Gap Term
June 15 – Dec 15
1) Purpose
There were so many directions at the beginning of this research, I decided to take a break to withdraw myself from these overwhelming topics and to rethink the 
focus of this research
2) Impact
Does this focus on improving 3D printing technology, or the technology as a media, to discuss philosophical questions? 
Do I want to master techniques or technologies of 3D printing, or is it an approach for me to design innovative textiles and build creative thinking?
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3D-printed Nano Cellulose (Side Practice)
Certain project details have been redacted, and please contact the author if more information is needed. 

Sep 15 - Dec 15
Keywords: 3D printing, Smart textile, Functional material, Material science, Collaboration
1) Purpose/question?
To develop new materials, adding novel functions into material development.
To explore the possibilities of collaborations between material scientists and designers
2) What happened
Starting stage: built a dialogue between a scientist and a fashion designer through artistic laboratory work 
Changing points: lacking material science background results in some ideas staying in the air
3) The outcomes
A small piece of experimental sample: paraffin introduced nano-cellulose for a phase-change material
4) Failures/Boundaries
The collaboration only stayed at experimental stage, and it stopped because of the lack of knowledge of machinery and inefficient communication. This project will 
be developed further after this research. 
The drying process of paraffin took very long time and became a problem in terms of solidifying the textile pattern.
5) Impact
The	collaboration	with	scientists	brought	a	completely	different	thinking	in	terms	of	material	and	the	understanding	of	human	body.	The	conflicting	
opinions and research approaches between fashion/textiles and other disciplines started to emerge. 
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The design details have been redacted, and please contact the author if more information is needed. 
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The materi details have been redacted, and please contact the author if more information is needed. 
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Conference Report: Digital Fashion-3D Printing for Designers (Main project)
May 16 2016, Royal College of Art 
https://www.rca.ac.uk/news-and-events/events/digital-fashion-3d-printing-designers/
Keywords: 3D printing, Human body, Parametric design, Fashion
 
1) Content
I invited five speakers to the conference: Fergal Coulter, from Nottingham Trent University, an engineering researcher in 3D Printing on inflated substrates and 
dielectric elastomer artificial muscles; Behnaz Farahi, from USC School of Cinematic Arts, an architect researching into 3D-printed body architecture; Troy 
Nachtigall, a researcher from the ArcInTexETN network studying 3D-printed footwear and wearer behaviour; Filippo Nassetti, a designer from Zaha Hadid 
Architects interested in using parametric modelling and generative design making wearables, and Oliver Smith, a 3D printing design consultant from Stratasys 
Strategic Consulting. Claire Pajaczkowska, the RCA Senior Research Tutor in Fashion and Textiles, gave the opening address. At the end, Clare Johnston, RCA 
professor and senior research fellow, chaired a panel discussion on the questions around interdisciplinary collaboration, 3D printed fashion and the barriers of this 
technology.
2) Presentation 1: Parameters from nature - Filippo Nassetti 
Nassetti’s architectural background did not limit his interest in body-scale wearables. Nassetti stated that his research focuses on bio-digital synthesis and 
prosthetics by projects. These can be separated into a two-stage transformation: translate a biological process to digital coding, and then turn the coding into 
body-related fabrication, mainly through 3D printing. Nature for him is not an image or pattern, but a dynamic system filled with paths and processes. The key word 
for parametric design is ‘grow’, which indicates the nature of digital fabrication that builds geometry from codes and data. With coding languages, the design could 
be translated into something generatively and digitally grown. The main tool for his practice is Processing, which is open-source coding software, and GH, which is 
plug-in for architectural software - Rhino - for designing parametric models.
3) Presentation 2: Parameterising the market – Oliver Smith
Stratasys is one of the world’s leading 3D printing companies. This company has previously collaborated with fashion designers such as Iris Van Herpen and 
threeASFOUR. One of the best-known products of Stratasys was the Object 500 Connex3, which was an industrial machine that could print full colours and 
materials of programmed softness. Apart from presenting a fundamental industry and commercial report, two other aspects Smith shared related to this research 
directly. 3D printing is challenging traditional fashion design and mass production systems. 3D printing allows designers to design and manufacture their own 
extremely complex designs. The industry 4.0 explains that this industrial revolution is the result of digital development. In fashion, it is similar to an era of artisan or 
hand-made production, when there were no clear lines between designers and tailors. Needless to say, 3D printing is a superior craft industry in that it produces 
extremely complex objects with different geometries without extra cost, using low-volume production and achieving highly customised products. In this way, 3D 
printing brings new digital opportunities of personalisation to the traditional French fashion system, in which fashion is an avant-garde prototyping activity by 
individuals. Another aspect is the value of material development in 3D printing. 3D printing has both pros and cons in terms of the way it produces things layer 
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by layer. There are limitations to the materials. The reason for this is that the building material should either be joined with other binding materials or joined via 
chemical reactions, such as temperature change or UV light curing.
4) Presentation 3: Parametrizing the wearers’ behaviour- Troy Nachtigall
Nachtigall has researched into how technological materials could solve problems that appear in the mass production of the fashion industry. He is specifically 
looking into 3D printed flexible shoes that are fitted for feet and movement. The parametric modelling here is used as a way to design the perfect personalised, 
fitted shoes. A valuable result is that certain parametrized designs result in different behaviours by the wearer.
5) Presentation 4: Parametric design and science - Fergal Coulter
From a scientific point of view, Coulter gave a presentation on engineering a machine for printing silicone with a parametrically inflated structure. Although his 
work is not fashion related, it helps me to make a comparison between art-based and science-based research. Compared with research in art, his science-based 
research focuses more on solving the problems, which differentiate it from a speculative research method. This presentation is also valuable, as it enriches the 
ways we think of 3D printing. He had the idea of changing the print platform to a spherical one, turning the model and the extruder printing onto the model. With the 
help of the parametric modelling tool, GH, the pattern could be printed onto the model. As Fergal stated, interdisciplinary collaboration is what has been driving his 
research.
6) Presentation 5: Parametrizing future humans - Behnaz Farahi
Behnaz Farahi was trained as an architect and is a current PhD student in interactive body architecture. Her work is related to wearable technology and 3D 
printing. Her most recent and influential piece is ‘’The Caress of the Gaze’, in which she embedded a camera in a garment to capture viewers’ facial expressions: 
the garment will react based on different facial data. A comparison between her work and my previous practice, Bond, shows that we both used facial recognition 
technology, 3D printing and auxetic structures. Although we use similar technologies and concepts to create future humans that possess other functions, her work 
is superior to mine. However, the printer is a multi-material and multi-colour one, and the auxetic structure was seamlessly translated into a fabric, while the facial 
recognition device is perfectly hidden in the garment. This makes me really think about the advantages that I have, over architecture, in terms of designing a body-
related project. This is how I see both the body and garments, as three-dimensionally moving, natural things, and shows how I value the translation between 2D 
and 3D. From her work, we can see the garment is still like an architectural frame sitting on the body, exactly like other designs by Iris van Herpen. There is less 
interaction between the garment and body movements, even though the material moves on the surface. As a fashion designer, I really value how our bodies are 
formed by nature and how our limbs and body can interact, change and influence garments. I really admire her work in bringing other senses to the garment, but I 
will endeavour to bring natural movement and interaction to clothes.
6) Interview questions put to Behnaz Farahi
Q1: We know that you are an architect and interaction designer, exploring the possibilities of interactive environments and their relationship to the human body.  
Would you like to give us some general information about yourself? Your education, your work experience and design interests?
Q2: You are currently a PhD student as well; how do you feel about being a researcher rather than a designer? Do you think these conflict?
Q3: If you could describe your main works in a few words, what are they?
Q4: You were talking about the interaction between the human body and the environment; you were also talking about the architect and fashion, so what is your 
definition of fashion?
Q5: There is also a traditional way of defining fashion, which applies to its functional, practical, washable qualities, etc. How do you define your work? Is that a part 
of fashion, textiles, installation works, wearable technology?
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Q6: Could you please introduce the most exciting work you have created so far? Is it The Caress of the Gaze? How were you inspired to create it? What was the 
technology used for this work? What are the difficulties you experienced during the process?
Q7: When and why did you begin to be interested into 3D printing? What does this technology mean to you and to other designers? 
Q8: What was the shift that 3D printing enabled, from your experience?
Q9: From your perspective, in order to spread the use of 3D printing widely, what is the most effective way to tackle the problems encountered in material, 
structure, fabrication or application?
Q10: Why is 3D printing attracting so many other major designers’ attention?
Q11: Do you think 3D printing or other digital approaches to fashion will replace certain traditional ways of making?
Q12: How do companies and start-ups see the opportunities in the latest innovations?
Q13: Do you think there will be distinctive Fashion? Do we really need 3D printing for fashion?
7) Interview questions at the conference panel discussion (addressed to Filippo Nassetti, Troy Nachtigall, Oliver Smith, Fergal Coulter)
Q1: Collaboration. Have you found working with 3D printing requires interdisciplinary knowledge?
Q2: How has the world of fashion influenced your thinking in relation to 3D printing? Has it been useful in giving you limitations and boundaries, and what is your 
experience of these?
Q3: What are the problems and barriers facing 3D printing? Material, structure, application, touch, wearability and feeling of the material? How could the 3D printed 
material behave next to your skin?
Q4: Brands use 3D printing: is this generally for technological purposes alone, or to draw attention as branding?
7) Response 
The presentations covered many aspects of 3D printing: the fashion industry, materials and engineering sciences, digital modelling innovation and interactive 
smart materials. The conference highlighted the strong relationship between fashion and parametric design. The parameters of 3D printing can be understood as 
both parametric design and also cultural attitudes towards the 3D printed fashion phenomenon. For all of the 3D designers above, the concept of a human and 
technology interface plays a vital role in their work, but because of their different backgrounds, they explain this concept distinctively. What fashion practitioners 
understand better are intimate spaces and bodily relations with external systems, such as clothing and technology, whereas an architect might focus on the larger-
scale interactions between the whole body and space. As for engineers, the interface is possibly understood as how humans operate machinery. To understand 
the intertextuality requires multi-faceted knowledge across several disciplines. However, when fashion designers design with 3D printing, they tend to collaborate 
with other designers, who are more familiar with modelling tools. This makes me think that I should carry out an investigation into modelling, especially parametric 
tools. This could differentiate my approach from other designers’ towards 3D printing, especially in terms of the transformation from digital data/algorithms to 
tangible materials. The parametric then is not only limited to specific parametric design methods; it might expand to include a broader sense of thought and 
creativity.

Parametric design is a technique to design 3D printable objects by algorithms; however, from the cases above, it can be seen that there is certain logic in creative 
design and manufacturing in a highly developed digital age that is able to create things from data, to design the output through input and algorithms and to link the 
data with the human body. Here I propose that this concept should be seen as ‘parametric thinking’, that links algorithmic design, fashion design (pattern cutting) 
and the body together, in respect to the materials made by textiles. There needs to be more investigation into this hypothesis in both its theoretical and practical 
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aspects

3D Printable Body Architecture - (Osmotic Aquatic) (Side practice)
Jul 16
Keywords: 3D printing, Human body, Parametric Design, Architecture
1) Purpose/question
To learn about a parametric design tool
To articulate the difference between fashion/textile design and other disciplines (architecture in this project), when using 3D-printing related technologies.
2) What happened?
a. First stage: to learn about parametric design tools
b. Points of change: there are conflicting understandings of the human body by architects and fashion designers, because of fundamental differences in the scale, 
purpose, materials, developing times and so on, of their design projects. Therefore, when working on a bodily project together with architects, using the same 
computational tools, different opinions occurred. 
3) The outcomes
A negotiation in the end helped us find the solution in between the two – body architecture. Although there was a moment of difficulty, the conflicting elements help 
me grasp opposing opinions to reinforce my own.
4) Failures/Boundaries
A very speculative project, and it is almost impossible to see the real-life products, time, scale and material issues.
5)        Impact 
This project, together with other one, helped me articulate the importance of the body concept and work towards the core of the research parallels.
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Fold-the-Interfashionality (main practice)
Dec 17
1) Feedback questions addressed to the performers and instrumental player
General Questions
A. What do you think of the design and our collaboration in general? 
B. What is your opinion of conventional Beijing Opera costume? Have you ever tried contemporary costume design, rather than the traditional one? 
Detailed Questions
C. Technology and tradition 
a) Do you feel different when you wear this design? For instance, excited; modern; uncomfortable, or anxious, etc? b) What do you think of technology in this 
performance? (this can be positive or negative)
D. Body movement and language
a) What is the essence of the body language of the Beijing Opera? Which body parts move most, and play a more important role in this particular scenario? b) 
Does the newly designed 3D-printed pleating obstruct your movement and even affect the performance?
c) Would you be interested in seeing 3D-printed pleating in everyday clothes in the future? 
E.  Culture 
a) Could we ask for your friends’ feedback on this project?
b) What is your opinion on the cultural exchange involved in this project? Specifically, the conflicts between opposing notions, such as East and West, modern and 
traditional, handicraft and technology?



326 327

2) Questionnaire addressed to the audience at the performance
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3) Participants’ responses
Please note that the names of the participants have been removed. 

Participant Key responses
Participant 1
(performer)
Interview transcripts

When I was little, I was trained as a professional Chinese opera singer. My opera master used to tell me that ‘if you have no choice, wear a 
ragged costume, but never an inappropriate one’ ( in Chinese 宁穿破 , 不穿错 ). So I think traditional and older generations of Chinese opera 
artists might not accept your newly created opera costumes, but it was a good idea of yours, as a young designer and artist, to break the rules 
about conventional opera costume design and to think innovatively about how the costume designs can be worn in other ways.

Wearing the new costume to some extent affected my movement, but it was your first time, after all. You were also trying to adjust the design 
and experiment more. 

I think the costume could be seen as everyday wear, as fashion is changing and perhaps someday it (3D-printed costume) will become 
popular.

Participant 2
(performer)
Interview transcripts

We wore these costumes and you used the interpretation of the story to attract everyone’s attention to observe it. I think it is the best dialogue 
between tradition and modernity, Yin and Yang, men and women.

It is about ‘play’. All of my friends were saying: Really? Never heard about it. Interesting! Must be very interesting stuff. Everyone was curious 
about what it is. 

Farewell My Concubine was about things that happened thousands of years ago: we must think outside this box. Who has dictated that the 
kind of clothes Bawang Yu Ji must wear, and that they must be like that? We are free to develop any creation, as long as we keep the essence. 
Discovering that feeling is better than everything. We are in a diversified world with multiple cultures in this pluralistic age: no one has the right 
to make rules on how we dress.

The play of Farewell My Concubine is a helper, a medium to show the idea of your research, clothing and spirit. The audiences for the Beijing 
Opera are ageing; finding ways to help young, modern people to discover that the Beijing Opera does not have to be just old and traditional, 
but can also be new and inspiring, is a win-win situation.

Before the first rehearsal, I didn't understand how 3D printing, pleating and the Beijing Opera could be combined, and I was confused; after 
the first rehearsal, putting on make-up and clothes, I felt that this was a good thing, because it was something I had never seen before: using 
the most modern design to present the very traditional Beijing opera. After wearing the clothes, I felt I could understand and accept this 
combination. Instead of wearing the design on the catwalk and attracting the attention of other fashion professionals, this work is intended to 
attract everyone to observe it through the interpretation of the story. Plus, it is a good show: tradition and modernity, yin and yang, men and 
women. I am an actor. When I wear a costume, I first consider whether the costume is relevant to my role and slowly adapt to the design. The 
new material can also be worn. Isn’t it good? I didn’t feel awkward. At the same time, I was constantly thinking: I didn’t understand it very well 
at the beginning, but I gradually adapted to it on the second occasion; on the third occasion, I understood that I don’t necessarily need to 
follow the traditional Beijing Opera routines, such as Qiu Pai Hualian, or Yuan Pai Hualian. I then found and discovered what I think are the 
most comfortable movements, which can not only express movements and make me comfortable, but also express and highlight the costume. 
I know the performance is to help, while the costume is the main part.
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Participant 3
(instrumentalist)
Interview transcripts

The combination of the Chinese Opera (as the quintessence of Chinese culture) and avant-garde technology is quite a new thing for me. From 
my perspective, it took courage to join in this collaboration. I think it is an interesting innovation, because using the contrast of monochrome 
with colder and more fashionable colours, that are not necessarily beautiful colours, is quite suitable for this particular scene, which is about 
love, death and suicide.

It was very strange to wear at the beginning, because there was a certain rigidity impacting on the movement that was possible. The designer 
made adjustments to the design and the position of the design. As a result, most of the movements were not affected, and the costumes are 
acceptable. Compared with traditional costumes, these new costumes are actually simpler.

The content of the Beijing Opera is broad, profound, rich and inexhaustible. There are many elements of traditional Chinese opera that can 
be used in other fields. This drama retains the traditional essence of make-up, jinghu, singing and movement. Generally speaking, it is a new 
attempt.

Participant 4
(audience)
Email and 
questionnaire

Thank you for inviting us to your show, which we thoroughly enjoyed. Your costumes were superb - light and graceful for the concubine 
and dark and strong (like armour) for the warrior. Also, it was the first time that we had seen and heard Chinese Opera, which added to the 
enjoyment of the evening.

Participant 5
(audience)
Email and 
questionnaire

Thank you for welcoming me to your show yesterday and giving me the chance to see the dress rehearsal, which was still very powerful.

I had many thoughts during the performance I saw. 

Particular things that struck me were:
Light and dark – the role of light – with the pleat. 
I was thinking that the visual essence of the pleat is how light falls upon it. The undulating surfaces of the fabric and the crisp edges of a pleat 
create contrasts of light and dark, but light is necessary to make this work. Because you had restricted the colour palette to black and greys, 
this accentuated the effect for me, but also the movement of the performance and the lighting of the performers. This included the shadows 
on the walls, and at various points I found myself watching the shadows on the walls instead of the actors. Sometimes the shadows of the 
actors travelled across the walls as they moved around and became larger and smaller, becoming distorted in various ways, which was also 
utilised and made me think again about the pleating, in particular the ways that some pleats move and are designed to enable or accentuate 
movement, and some hold more rigidity. Both shadows and pleats stretch and distort as the actors move, and then magically return to their 
original shape.

Interactions with the costumes
I wondered what the actors had said about how they expected to interact with their costume normally as part of traditional gestures. For 
example, when an actor (and an audience) expects a hand to disappear inside a sleeve, and when they do not.

Principles of male and female
The principles of male and female were very apparent in the performance in so many ways (body movement, clothing, makeup, voice, dance, 
language), as well as the subject matter of the opera itself, so I could see why you had worked with this quite directly as an idea in relation 
to contrast. However, I wondered if rather than embracing these binary oppositions, you might also like to question and challenge them. I am 
aware of some very interesting queer theory coming up from Asian researchers at the moment – theory and approaches that question binary 
constructions of male/female, sometimes directly through trans identities, and sometimes through postcolonial theory and through the wish to 
find distinctly Asian ways to think about queer identity politics. I say this not to imply that you need to read the performance as queer, but to 
suggest the possibility (quite experimentally) that Asian queer politics at the moment could provide further tools for unpicking how to approach 
explorations of Chinese tradition in the context of the working at the RCA that includes critical consideration of the ways that being at the RCA 
might exoticize traditional China. This is not a criticism of your work, but an additional critical layer that you might like to consider.
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Participant 6
(audience)
Email and 
questionnaire

Hello,
Great to see you and your work on Friday. I'm going to write an article about this, would you mind answering a couple of short questions 
please?

1. What was the reason for selecting 3D printing to make the costumes?
2. How does 3D printing fit into your practice as an artist?
3. What has been the reaction (by the opera company and others) to the work?
4. What are you working on at the moment/your next project?
5. How would you like to see 3D printing advance?
Here are my (Mingjing Lin's) responses:
Thank you so much for coming and I was really inspired by what you mentioned during the performance: it is the art that brings technology 
alive.
Here are some thoughts:
1.What was the reason for selecting 3D printing to make the costumes? 
I have been discovering the innovative use of 3D printing in textiles for my PhD. But instead of seeing 3D printed textiles on the fashion catwalk 
(in which models only wear the design for walking, and there is less body movement than in a performance) I would like to test or challenge 
whether 3D-printed textiles could be used in bodily practices: whether 3D printing could have more fluidity and be more dynamic. I believe this 
technology has a lot to offer in terms of body movement.

Huang and I chose the costumes for the Beijing Opera firstly because it followed a project I carried out last year, ‘Inter-fashionality’, in which 
I combined 3D printing, Chinese qipao and physical performance. We think the Beijing Opera is a suitable medium to translate the fluidity 
because of its beautiful, delicate, much more meaningful movement and body language. Also, the costumes of Beijing Opera haven’t changed 
for centuries, so we questioned whether the modernised design and technical elements could help the Beijing Opera to reach a broader and 
younger audience. 

2. How does 3D printing fit into your practice as an artist?
I wouldn't describe myself as an artist – perhaps researcher is a more appropriate title. I was against cutting-edge technology for a while, and 
many of my designs were based on craft. I really love the tactility of material: I want to touch and feel things. The raw edge, nature, wabi sabi, 
for example, inspired me a lot. But once I tried 3D printing, I just couldn’t let it go, since 3D printing really offers me the opportunity to design 
something beyond my imagination. Many of the geometries and patterns are those that are difficult to see in nature, or impossible to make by 
hand, or are just a machine error, a serendipity. So as I mentioned, the combination of craft and technology is key in this research.

In addition, with the development of 3D printing technology, I could access new, softer material and advanced digital modelling tools. In this 
project I was really lucky to be able to try out Sinterit’s soft SLS material, and had the chance to discuss the design with parametric designer 
Peng Xie.

3. What has been the reaction (by the opera company and others) to the work?
I interviewed one of our performers: she said when she was little, she was taught by a Beijing Opera master: ‘if you have no choice, wear a 
ragged costume, but never an inappropriate one’. It seems there were (perhaps still are) very strong regulations, rules and formats for the 
Beijing Opera. But on the contrary, people are interested in this project. I know it is hard for every opera lover to accept something dramatically 
different, but my intention was not to destroy the tradition. Tradition is tradition, people love it then let's keep it the way it is. I am interested in 
offering something different. 

4. What are you working on at the moment/your next project? 
At the moment I am kind of busy analysing the data I collected from the performance, and writing about it. The next project will definitely still 
relate to 3D-printed fashion and textiles, performance and cultural exchange. 
5. How would you like to see 3D printing advance?
I would like to see more interesting materials:) So that I can use them in bodily practices. 
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Participant 7
(audience)
Email and 
questionnaire

The dialectics engage not only with the unity of opposites, but also with the explanation of opposites. You constantly move between opposites 
while you eliminate elements such as colour and all sorts of variables in order to bring out the stark oppositions or opposites. Is this your 
method?
The meaning and choice of the diagonal strip, the matrix and the structure of Chinese performance and Western creativity. Why did you 
use Beijing Opera? Both of you came from Eastern influenced-culture, China is a recently industrialised country but one that is very, very 
technophilic. You arrived the RCA to explore Western modernity, conceptual advances and design thinking, the process of making, which 
is more possible in an art school in Western culture, and yet you are very interested nevertheless in what your Eastern background brings to 
innovation: partly the explanations of new materials and new techniques, but also in the way it reaches back in order to find out  what it is about 
traditional and historical experiences that can be reintegrated into the future horizons and uses of the technology. 
Because the Beijing Opera is so anti-naturalistic and has nothing to do with Western modernity, some people think it is weird, and that’s why 
Bauhuas they love the Beijing Opera. A lot of other filmmakers, such as Orson Welles, in Lady from Shanghai (1947), have chosen the Beijing 
Opera as a very powerful form of theatre that does not conform to a tradition that is either religious, or Western. But it allows the audience to 
appreciate the meaning without identifying the specific character of the Beijing Opera. It is very symbolic, artificial and strange: making things 
strange aligns with Western Modernist ideas of the role of art in defamiliarising us with the things we take for granted in our environment. New 
parameters and new designs, new inventions - part of this is to defamiliarise ourselves from what exists in order to imagine new things. The role 
is one of making something strange. A strange world for wandering and being lost: it is neither here nor there, but it is somewhere in between.

The fold means the complexity. The articulation, the joining of things.  

The performance highlights that the research is about relationships between the wearer and the artifact. Sometimes an artifact is an object; in 
this case the artifact is the relationships between the users/performers and the spectators, as well as the musicians. Musicians have to amplify 
the relationality, because the music can’t be touched and grasped, but it’s there: it amplifies the meaning and feelings.

Participant 8
(audience)
Email and 
questionnaire

Hi Mingjing
It was so nice to share the performance with you, we really enjoyed it, thank you for giving us such wonderful seats. 

I will first respond to your questions, then continue with more general feedback which I hope will be useful. 

I wanted to come to the performance because I am very interested in supporting new innovations in technology, textiles and fashion, and 
because I had met you and knew of your work.

The potential of 3D printing in textiles and fashion is huge, and will grow exponentially as the materials which are utilized become softer and 
breathable, and more wearable and washable. 

I was very interested in the situation of your textiles in the very traditional Beijing Opera format. The interplay between the deep tradition and 
history, and technology was highly provocative. However, I thought that the tradition overpowered the techno textiles, which lacked strength 
in the quality (of fabric),and in particular the female costume which appeared flimsy, and poorly finished, there is room for improvement there 
- edges, hems, etc, I would have expected a higher more couture finish at this level. The male costume, however, had a much better quality of 
finish, perhaps because of the weight of the fabric.

For future projects you should make sure you allow enough time for execution, and spend prolonged time in development of the toile so that the 
finished product is of the highest level and quality. 

If I can be of any help in the development and finish of your garments please don’t hesitate to ask. I do hope that the feedback comments have 
come across in the helpful developmental and supportive way, as is my intention. 

Once again, congratulations, and thank you for sharing your performance with us, we really enjoyed it. 
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Participant 9
(audience)
Email and 
questionnaire

An intriguing way to use performance 'as' research. Also, having seen the great prototypes in the studio motivated me to join in.

I liked it very much. Despite the simple settings, with a minimal numbers of actors/actresses, stage settings and sound effects, the atmosphere 
created had a good depth and sense of immersion. The captions were easy to understand. One way of improving I think of is to amplify the 
presentation of the 3D printing structure. As the design of patterns are so delicate and complicated, it is not easy to appreciate them fully from 
distance. Having a visual projection related to the patterns on the back wall of the stage would be effective.

Having seen the performance, I can imagine the use of 3D-printed pleating in the context of stage costume. And elsewhere, in uniforms for 
services, i.e. restaurants, events?

The use of traditional culture like the Beijing Opera seems useful to appeal the newness of the emerging technology like 3D printing and 
pleating. I'm curious about how Chinese people who already know the Beijing Opera in traditional forms think about your approach. Is it 
accepted smoothly, or do they show some hesitance?

Participant 10
(audience)
Email and 
questionnaire

A bit weird, especially the singing. I like the sound of Beijing Opera fiddle.

Participant 11
(audience)
Email and 
questionnaire

There is a limitation on the way 3D-printed materials are used in fashion, such as the pattern, the softness and rigidity of the materials. Why 
Beijing Opera? Is it too Chinese? What are the relationships between the 3D-printed pattern, the garment pattern, the stories of Farewell My 
Concubine and the characters (Bawang and Yuji) you chose? 

I have a very strong attachment to the original film, Farewell My Concubine, which was what attracted me mostly to this performance. I am 
extremely curious about how and why you translated the story through pleating and 3D printing?  

Participant 12
(audience)

Nice project, music and symbolic geometrical pattern. The viewing experience (such as where and how the audiences sit and view the 
performance) for the audiences could be better related to the stories. 

Participant 13
(audience)

The opera singers were amazing, how incredible to experience the performance in such an intimate space! Your garments were stunning and 
worked beautifully with the performers – Well Done

Participant 14
(audience)

Your work reminds me of the old-time black and white TV, and of spending the time with my grandma watching opera performances. She likes 
Beijing Opera a lot, and your performance retained the modernity of technology, such as the lighting and the costume, and at the same time 
traditional elements, such as Bawang’s make-up and Yuji’s ‘water sleeve’. 
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Appendix 5
Four Types of 3D Printing at the RCA 

This report was designed by Mingjing Lin and filled out by Alastair Hamer, head of additive manufacturing at RCARapidform in January 2017. It is intended to 
provide a supportive data for Lin’s PhD research in related to 3D printed textile. All the information will be used for academic purposes.

Rapidform is the RCA’s unique 3D printing workshop, which offers 3D printing services within the school and externally. There are several printing methods 
available here, while four types of printing techniques were chosen for sample printing during the Inter-fashionality project. This table shows comparative 
information on printing three different patterns (patterns 1, 2 & 3): 

4 Types of 3D Printing Techniques

Technique name SLA Polymerjet Resin Full colour FDM
Machine info

(machine model; company 

name; year of manufacturing)

Viper 250

3D Systems

2002

Eden 500v

Objet, Stratasys

2007

Projet 660

3D Systems

2016

Dimension Elite

Stratasys

2011
Printing Speed Medium Fast Fast Medium

Printing Information

Pattern 1 Pattern 2 Pattern 3
Model size Regular Hexagon (Length of side: 11cm)



334 335

Image

Thickness 5mm 9mm 18mm
Material Volume (cm3) Pattern (cm3) 22.4 42 86

Supporting Material (cm3)
 How many pieces could be 

printed each time

SLA 3-4 3 2
Polymerjet 9+ 9 9
Full Colour 20+ 20 16

FDM 1 1 1
Printing duration

(for single part)

SLA 2hr 28min 3hr 5min 5hr 10min
Polymerjet 1hr 25min 2hr 18min 4hr 17min
Full Colour 22min 37min 1hr 7min

FDM 12hrs 16hr 15min 18hr 50min
Cost SLA £26.88 £50.40 £103.20

Polymerjet £48.00 £80.00 £154.00
Full Colour £11.20 £21.00 £43.00

FDM £17.14 £22.18 £27.31
Price for RCA

students

SLA £26.88 £50.40 £103.20
Polymerjet £48.00 £80.00 £154.00
Full Colour £11.20 £21.00 £43.00

FDM £17.14 £22.18 £27.31
Price for externals

(full commercial price)

SLA £67.20 + VAT £126.00 + VAT £258.00 + VAT
Polymerjet £124.00 + VAT £216.00 + VAT £430.00 + VAT
Full Colour £33.60 + VAT £63.00 + VAT £129.00 + VAT

FDM £34.50 + VAT £44.50 + VAT £55.00 + VAT
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Appendix 7 
Interactive Moving Images (suggest to use Adobe Acrobat software to view the animations; press Spacebar to pause/continue)

Animated thesis structure, the model of the research  
(corresponds to Fig 8, 156)
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Animated analysis of the conference ‘Digital Fashion: 3D Printing for Designer’
(corresponds to Fig 6)
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Rendered animation of 3D-printed qipao for project Inter-fashionality 
(corresponds to Fig 137, 138)
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Moving images of 3D-printed material for project Inter-fashionality 
(corresponds to Fig 125)
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Edited video of performance and fashion catwalk for project Inter-fashionality
(corresponds to Fig 140-147, 149, 150, 152)

This video contains sounds. Click the image to begin; press Spacebar to pause/continue
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Performance recording of project Inter-fashionality
(corresponds to Fig 140-149)

This video contains sounds. Click the image to begin; press Spacebar to pause/continue
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Parametric design process of 3D woven structure and origami pattern
(corresponds to Fig 168-171, 199)
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Parametric design process of origami pattern
(corresponds to Fig 199)
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Moving images of 3D-printed textiles
(corresponds to Fig 201-203)
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Edited video of performance Fold-the-Interfashionality
(corresponds to Fig 206-208)

This video contains sounds. Click the image to begin; press Spacebar to pause/continue
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