
 
 

Delft University of Technology

Methods for Designing Woven Textile-forms
Examples from a pedagogical textile design workshop
Drews, Juri-Apollo; McQuillan, Holly; Mosse, Aurélie

DOI
10.21606/TI-2023/113
Publication date
2023
Document Version
Final published version
Published in
Textile Intersections 2023

Citation (APA)
Drews, J.-A., McQuillan, H., & Mosse, A. (2023). Methods for Designing Woven Textile-forms: Examples
from a pedagogical textile design workshop . In Textile Intersections 2023 Design Research Society.
https://doi.org/10.21606/TI-2023/113

Important note
To cite this publication, please use the final published version (if applicable).
Please check the document version above.

Copyright
Other than for strictly personal use, it is not permitted to download, forward or distribute the text or part of it, without the consent
of the author(s) and/or copyright holder(s), unless the work is under an open content license such as Creative Commons.

Takedown policy
Please contact us and provide details if you believe this document breaches copyrights.
We will remove access to the work immediately and investigate your claim.

This work is downloaded from Delft University of Technology.
For technical reasons the number of authors shown on this cover page is limited to a maximum of 10.

https://doi.org/10.21606/TI-2023/113
https://doi.org/10.21606/TI-2023/113


 

Publisher: DRS (© The Author(s)). The authors of this paper acknowledge the right of Design Research Society to publish the paper under 
the Creative Commons Attribution 4.0 International (CC BY-NC 4.0) license. 
Rights: This work is made available according to the conditions of the Creative Commons Attribution 4.0 International (CC BY-NC 4.0) license. 
Full details of this license are available at: https://creativecommons.org/licenses/by-nc/4.0/. 
DOI: https://doi.org/10.21606/TI-2023/113. 
©2023 

 
 
Methods for Designing Woven Textile-forms:  
Examples from a pedagogical textile design work-
shop  
 
Drews, Juri-Apollo*a; McQuillan, Hollyb; Mosse, Auréliea 

a École nationale supérieure des Arts Décoratifs, Paris Sciences et Lettres University (PSL), France 
b Delft University of Technology, The Netherlands 
* juri-apollo.drews@ensad.fr 

When designing Woven Textile-forms, both the 3D object and the textile it is composed of need to be 
developed simultaneously, a process requiring an adaptation of currently established methods from 
both textile and fashion design. This paper provides an overview of existing examples for woven form-
construction approaches through the lens of fabric (non-)rectangularity. It subsequently presents the 
method of flattening a 3D form into a weaveable 2D format, and the alternative weaving methods of 
Modular Weaving, Non-binary Weaving and Multi-selvedge Weaving destined at constructing non-rec-
tangular seamless Woven Textile-forms. It further describes a range of associated prototyping and vis-
ualisation techniques including Maps of Bindings, paper models, Thread Maps, and miniature nail 
looms. These are destined at helping textile designers in conceiving textiles in the shape of the final 
object instead of flat rectangular surfaces, and at providing woven form designers with alternatives to 
conventional cut-and-assemble approaches, thus creating new grounds for cooperation between both 
disciplines. The utility of these methods and techniques was tested during a workshop for textile design 
Masters’ students at École nationale supérieure des Arts Décoratifs in Paris, the results of which show 
that the integration of form-thinking into the textile design process is possible and generates new op-
portunities for form-making beyond cut-and-assemble.  

Keywords: Woven Textile-forms, weaving, design methodology, textile design 

1. Introduction  
Woven textile designers are most often trained to conceive rectangular and planar fabrics that form 
designers (i.e. fashion or object designers) can subsequently cut into pattern pieces and assemble into 
textile objects primarily by means of sewing. Though wasteful (Abernathy et al., 1999; Cooklin, 1997), 
this Cut and Sew (C&S) method is often taken for granted and creates a separation between textile-
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making and form-making (Drews, 2019). Yet it is precisely by merging these two practices that alter-
native methods can be developed. Woven Textile-forms (WTfs) can especially provide an interdiscipli-
nary base for renegotiating the conventional relationships between weaving, cutting and sewing and 
for finding alternative assembly methods. WTfs are complex three-dimensional textile objects whose 
form and fabric are designed and constructed at the same time and in interdependence with each 
other (McQuillan, 2020b). While the development of WTfs remains at an experimental level, knitted 
form-making has become a commercially established1 alternative to C&S over the last two decades, 
since its seamless construction method bears e.g. the potential to reduce waste, production steps and 
transport requirements and provides an improved wearing comfort and absence of breaking points at 
the seams (Conti, 2019; Giglio et al., 2022; Nawaz & Nayak, 2015). 

The design process for Wtfs entails a hybridisation of the disciplines of textile and garment or object 
design and can therefore be considered similar to a Simultaneous Design approach2 (Townsend, 2003) 
- except that it is not only limited to body relations of textiles and form. Consequently, it requires a 
redevelopment and adaptation of established methods and techniques such as e.g. sampling and cre-
ating lifting plans and weave drafts in textile design (Forst, 2022; Redmore, 2011) and pattern-making 
and toileing in fashion design (McQuillan, 2020a; Rissanen, 2007). This need for new methods reflects 
the complexified design process prior to weaving resulting from the combination of production steps 
during the simultaneous construction of textile and form. 

2. Existing woven form construction approaches  
The arrangement of warp and weft yarns in biaxial weaving lends itself most easily to rectangular and 
planar weaving and most woven textiles are designed this way. If 3D form is a desired application of 
such conventionally woven textiles, the planar and rectangular fabric must be cut and sewn, often 
resulting in problems relating to pre-consumer waste (Rissanen, 2013; Rissanen & McQuillan, 2016; 
Runnel et al., 2017) due to the mismatch between pattern shapes and the rectangular shape of the 
fabric, and the manual labour required when sewing. 

Over time, an increasing division between the practices of woven textile design and form design has 
been observed (Drews, 2019). However, this separation is less clear when looking outside of conven-
tional woven textile and C&S design as practised in the Western industrial context, since the design of 
woven textiles with a particular final form in mind is demonstrated in examples throughout history 
and in many parts of the world. Next, we present examples grouped as rectangular or non-rectangular 
approaches for weaving form, and within each show the varying degrees of post-weaving intervention 
required to produce 3D form. In contrast to C&S, all these examples require a shift of the design of 
form from a post-weaving process, to one that is integrated within the design of the woven textile 
itself and demonstrate the range of approaches explored so far by scholars, designers and craftspeo-
ple. 

2.1. Rectangular weaving for form 
Within rectangular biaxial weaving, a simultaneous consideration of textile and form can be observed 
in examples such as the sari, where the positioning of motif sections on the woven rectangular textile 
 

1 Companies such as Nike and Adidas have integrated seamless knitting into their product range, thus reducing costs for materials 
and manual labour and creating the potential for a relocation of automated production lines closer to principal consumer markets 
(Euchner, 2015; Kaziur et al., 2022; Liu, 2020). 

2 Townsend (2003) developed this concept for printed Lycra® garments, where the motif, the fabric behaviour and the body wear-
ing the garment are considered interdependently during the design process. 
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is guided by the form the sari takes when worn (Kawlra, 2005). Rectangular woven textiles may be 
designed to include slits for the head or limbs, such as in poncho examples (Burnham, 1973), or can 
be designed to produce a specific form by embedding the 2D patterns within the rectangular textiles, 
which are later cut and assembled to construct the form (Brunnhuber, n.d.; Habert, 1978; Miyake & 
Fujiwara, 2001; Piper, 2019). When we understand the potential of weaving to explore 3D interlace-
ment in multilayer weaving, 3D forms can be increasingly constructed on the loom, thereby reducing 
or eliminating the manual labour required after weaving. These are known as WTfs (McQuillan, 
2020b), and in the context of clothing as 3D woven garments (Audren, n.d., Vroom, 2022), or Compo-
site Garment Weaving (Piper, 2019; Piper & Townsend, 2015). Some WTfs still require some cutting 
and sewing to realise their complete intended form (Dekhla, 2018; McQuillan, 2019; Piper, 2019), 
while others require cutting but no sewing (Dekhla, 2018; Harvey et al., 2019; Shi et al., 2022), or no 
post-weaving intervention at all (Drews, 2019; Norgate & Bennett, 1976; Braunius as described in 
Roth, 1918). 

2.2. Non-rectangular weaving for form 
If we consider that it is possible to generate non-rectangular shapes using biaxial interlacement of the 
warp and weft, the possibilities expand further. Within non-rectangular biaxial weaving, we can see 
evidence of simultaneous consideration of textile and form in examples such as the ancient Roman 
toga or the Moroccan akhnif, where the semi-circular shape of the planar woven textile is guided by 
the form the garment takes when worn (Granger-Taylor, 1982; Naji, 2021). Alternatively, non-rectan-
gular 2D patterns are woven to shape and subsequently assembled by sewing (Colburn et al., n.d.), 
and may be additionally engineered for specific behaviour or appearances (Beck et al., 2014; Wagner 
et al., 2022). Elsewhere, elements such as sleeves are woven to shape and then attached to the rest 
of the garment by sewing (Manonik as described in McQuillan, 2020b). In other cases, specifically 
adapted looms and/or weaving techniques allow for the construction of integrally woven non-rectan-
gular forms that require few (Visser, 2023) or no post-loom interventions (Drews, in press; Knoll, 2022; 
Martin et al., 2020; Steinmetz, n.d.). 

2.3. Form-thinking for non-rectangular weaving 
In many cases, the development of weaving for form creation is approached from a textile designer’s 
or weaver’s viewpoint (Habert, 1978; Piper, 2019). This leads to a dominance of planar and rectangle-
based perspectives on form as this is the tradition that woven textile designers are most often trained 
in. The lack of form training within textile design results in a possible missed opportunity for the de-
velopment of alternative construction approaches for textile-based objects. In tandem, C&S is rarely 
challenged in fashion design, and few students of fashion (or form-design in general) have a deep, if 
any, education in weave theory or practice. In this research we wanted to further develop our meth-
ods for form-thinking and explore their utility for textile design students asked to conceive WTfs.   

3. Methodology and techniques for designing zero waste and seamless WTfs 
Juri-Apollo Drews has a textile design background and developed methods for non-rectangular weav-
ing which can eliminate the need for post-loom construction of form. Holly McQuillan has a fashion 
design and zero waste design background and has developed design methods for producing form on 
the loom. Juri-Apollo Drews attended a workshop on WTfs held by Holly McQuillan and Milou Voor-
winden at TU Delft in 2022. Here, we saw the potential of combining our approaches by developing a 
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common workshop teaching our complementary methods to textile design students in order to eval-
uate their potential for persons taught in conventional weaving. 

The methods and techniques presented in the following are intended to help textile designers in con-
sidering the fabric in terms of the three-dimensional shape of the final object, while also helping e.g. 
fashion designers to reflect on the fabric and its precise construction on a deeper level than they might 
be used to. These methods therefore aim at making the intersections between both disciplines visible 
and understandable and can prepare new opportunities for communication and cooperation between 
the two fields. They do not represent a linear protocol but are used simultaneously during the design 
process in order to gradually negotiate the relationships between fabric, 3D shape and production 
tools. 

3.1. Off-loom preparation for designing and making WTfs 
In order to be woven, the desired 3D form needs to be translated into a 2D format. In C&S, this is 
achieved via a flattening-out process (unwrapping form into 2D planar shapes), however when weav-
ing Textile-forms (Tfs), a flattening-into process (folding an existing 3D form into a flattened one that 
can be woven on a loom) is required in order to eliminate sewing (McQuillan, 2020b). This flattening 
process includes folding of existing forms (Figure 1a), paper modelling (Figure 1b), and toileing. It 
translates 3D form (Figure 1c), into a 2D format with an associated cross sectional understanding of 
weaving (Figure 1d) which builds on double weave/cloth methods where the warp and weft can be 
divided into multiple layers superimposed and woven simultaneously. The Map of Bindings (MoB) 
communicates where this is done across the 2D plane (Figure 1e), the layer notation (Figure 1f) artic-
ulates how the warp and weft are divided into these layers. For jacquard WTfs this information is then 
used to make a draft or program a weave file3. 

3.2. Methods and additional requirements for non-rectangular and seamless WTfs 
In order to produce flattened three-dimensional forms seamlessly, Juri-Apollo Drews has reconfigured 
conventional shaft looms and has developed alternative hand weaving methods permitting the con-
struction of complex multi-layered three-dimensional Tfs and garment prototypes such as e.g. trou-
sers (Figure 2), which are entirely woven and require no cutting or sewing once off the loom. These 
include:  

• Modular Weaving (MW), through which different woven and/or knitted modules can be 
seamlessly connected to each other during the weaving process through fringed weft fibres 
left unwoven at the module’s edges, 

• Non-binary Weaving (NbW), allowing to produce slanted or curved selvedges and non-rec-
tangular textiles through a reorientation of warp and weft fibres during the weaving process, 
and  

• Multi-selvedge Weaving (MsW), allowing to produce non-rectangular textile shapes without 
fringes and with one continuous warp thread (Drews, in press).  

When used for non-rectangular WTfs, the flattening methods presented in 3.1 are combined with 
Thread Maps (TMs) (Figure 3) indicating the trajectory of the individual threads and how these connect 
into each adjacent layer and any additional yarn systems. TMs can represent the changing directions 

 

3 For a comprehensive overview of these processes cf. Buso et al. (2023). 
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of the threads in NbW or the fringes at the edges of modules in MW and are therefore more precise 
than lifting plans or weave drafts used in conventional rectangular weaving. 

Figure 1. Folding trousers into flattened profile using existing garments (a), using paper models (b) to explore 2D/3D transla-
tion, corresponding digital 3D model (c), one cross section of the trousers (d), trouser MoB (e), and technical colours with 
associated layer notation (f). Images by Holly McQuillan. 

Figure 2. Seamlessly woven trouser prototype by Juri-Apollo Drews. 
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Figure 3. Excerpt from a digital TM highlighting a particular yarn system. 

4. Workshop contents and results 
The two-week workshop Non-rectangular Woven Textiles as a Strategy for Zero-waste Design was co-
developed by the authors for seven students of Aurélie Mosse’s Nouveaux Savoir-Faire course in the 
context of the master’s programme in Textile and Material Design at École nationale supérieure des 
Arts Décoratifs in Paris in December 2022. Further participants were a fashion design student from 
PSL University’s Mode et Matière master’s programme and a textile artist. The aim of this workshop 
was to introduce conventionally trained textile designers to woven form-thinking through the authors’ 
methods and to reflect on the results obtained from this crossing of approaches. 

The students had access to several 24-shaft looms and one semi-automatic jacquard loom, flat-bed 
knitting machines and a range of natural and synthetic yarns. Table 1 shows the course schedule. 

Table 1. Course schedule. 
Day Activity 

1 
Morning: introductory presentation 
Tutorial 1 (Group 1) Tutorial 2 (Group 2) 

2 
Tutorial 2 (Group 1) Tutorial 1 (Group 2) 
Afternoon: discussion, work team formation 

3-5 Concept development, preparation, production 
6 Interim presentation 
7-9 Production 
10 Final presentation (hybrid) 

 

Rather than producing perfectly finished final pieces, the students were asked to explore Wtf-making 
experimentally and to document their design and production process, including problems. Their feed-
back was sought throughout the tutorials, coaching sessions, group presentations, and in writing after 
the course was completed. We wanted to understand if the methods and techniques taught to them 
had been useful for concept development and if they had had any wider impact on their understanding 
of textile design. 

4.1. Tutorial 1: Flattening and Designing for WTfs 
The lack of cohesive digital workflow tools that can support form-thinking for woven textile design 
means that in the workshop analogue processes were combined with existing digital software 
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(McQuillan, 2020a). Table 2 shows the range of tools4 that can be used to achieve outcomes from 
conceptual understanding of WTf, the generation and verification of a flattened design, MoB genera-
tion and processing, and its use in the jacquard design process. The workflow is iterative, and the 
utility of the tools for transmodal communication means their use is evident across multiple outcomes. 

Table 2. Overview of the pedagogical tools used in Tutorial 1, and a description, including the purpose, and out-
come for each. A darker tone indicates higher relevance of tools in development of outcome. 

Tools introduced 
in workshop Purpose 

Outcome 
Con-
cept 

Flattened 
design MoB Jacquard 

design 

Visual and oral 
presentations 

Images of WTfs, basic weave theory and zero waste 
strategies to communicate fundamental concepts 
of WTf. 

    

2, 3 and 4 layer 
WTf samples and 
garments 

Woven samples demonstrate possibilities of ap-
proach and show impacts of multiple layers and 
yarn and weave structures on density/aesthetics. 

    

Existing garments 
folded and ar-
ranged to explore 
2D possibilities 

Existing garments (from wardrobe or made specifi-
cally for the desired form) aid in comprehension 
flattening known/desired forms by folding. Can be 
used for the rapid ideations of possible flattening 
options. 

    

C&S toiles made 
of layers of tex-
tiles cut and sewn 
to make resulting 
3D form 

Aids in the conceptual understanding of 2D/3D re-
lations, while physically demonstrating layer rela-
tions (connections/separations). Also used to verify 
flattened design in textile format, at scale of the 
body. 

    

3D software 
(CLO3D) showing 
2D layers and re-
sulting 3D form 

Conceptual understanding of 2D/3D relations, gen-
erate flattened designs (including MoB), verify flat-
tened design in (digital) textile. 

    

Multi-layered col-
oured paper 
models 

Provides conceptual understanding of 2D/3D rela-
tions, demonstrates layer relations in hands-on, 
easily accessible form (Figure 4). Can be used to 
generate a flattened design and for MoB planning 
(including layer notation). 

    

Drawn cross sec-
tions of 
warp/weft, layer 
transitions 

Allows exploring layer relations across MoB, and 
supports understanding of layer notations. Can as-
sist in construction of paper/CLO3D models. 

    

Layer notation 
system assigns 
layer relations to 
technical colours 
in MoB 

Transmodal communication tool between flattened 
form (cross sections), MoB and jacquard design. 
Warp yarns are numbers and wefts are letters, for-
ward slash indicates separation of layers (Figure 1f). 

    

Vector (Illustra-
tor) and Pixel 
(Photoshop) soft-
ware used to gen-
erate MoB 

Generation of accurate MoB based on design and 
layer notations/relations. In Photoshop indexed col-
our mode used to ensure technical colours only, 
and generate image file at pixel/cm resolution and 
width relative to loom density and total ends. 

    

Jacquard design 
software Programming of MoBs to generate weaveable files.     

 

4 “Tools” refers to both methods and Intermediary Objects of Design (IODs) here (Bassereau et al., 2015; Papadimitriou & Pellegrin, 
2007). 
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(AdaCAD) for 
weave program-
ming 

AdaCAD includes “layer annotation” operation ena-
bling implementation of layer notation system. 

 

All tools and processes in Table 2 were taught and used in the workshop. The tools within the solid 
border were utilised with Seamless WTf methods by team 1 and 2 (see section 4.3), and team 3 used 
the remaining tools in this table to generate their jacquard WTf outcome. 

Figure 4. Workshop participant using a provided MoB and three layers of coloured paper (pink, green and black), which are 
cut and taped together in specific orders to generate a 3-layer 2D/3D paper model of the design. 

 

4.2. Tutorial 2: Designing and Making Seamless WTfs 
Table 3 summarises the pedagogical tools used in the second tutorial to introduce the idea that any 
complex non-rectangular shape can be seamlessly woven. After a presentation of technical drawings, 
TMs, samples, and a toile demonstrating MW, NbW and MsW, the students experimented with these 
weaving methods themselves on miniature nail looms, which are textile shape-sketching tools devel-
oped for this workshop and destined at familiarising persons trained in rectangular weaving with non-
rectangular weaving (Figure 5). Subsequently, MW, NbW and MsW were demonstrated on an ex-
tended 24-shaft loom. To introduce thread mapping, the students drew a semi-circle on millimetre 
paper and cut the negative space around the shape into parallel strips representing the warp threads. 
Folding these perpendicularly visualised the change of direction of the threads in NbW. 
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Table 3. Overview of the pedagogical tools used in Tutorial 2, and a description, including the purpose, and learn-
ing outcome for each. A darker tone indicates higher relevance of tools in development of outcome. 

Tools used in 
workshop Thumbnail image Purpose 

Learning outcome 
Con-
cept 
MW 

Con-
cept 
NbW 

Con-
cept 
MsW 

Thread 
map-
ping 

Loom 
exten-
sion 

Visual and 
oral presen-
tations  

Understanding 
seamless WTfs 
through TMs and 
construction 
sketches of NbW, 
MW, MsW 

     

Seamless, 
non-rectan-
gular WTf 
samples  

Haptic understand-
ing MW, NbW, 
MsW 

     

C&S Toile 
representing 
locations of 
MW, NbW, 
MsW  

Understanding 
MW, NbW, MsW in 
the context of a 
concrete garment 
and as a replace-
ment for C&S 

     

Miniature 
nail looms 

 

Hands-on under-
standing of MW, 
NbW, MsW (Figure 
5); developing ideas 
for loom extensions 
(Figure 5) 

     

Demonstra-
tions of MW, 
NbW and 
MsW on ex-
tended loom 

 

Understanding non-
rectangular weav-
ing on extended 
looms 

     

Paper strip 
model 

 

Introducing thread 
mapping      
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Figure 5. Course participant producing a WTf on a miniature nail loom. 

 

4.3. Workshop results 
The students formed three teams and developed prototypes based on form-thinking methods that 
had inspired them during the initial tutorials. During the design and production processes, they re-
ceived support from the authors, peers and studio technicians. Figures 6-8 provide insights into the 
respective design processes. 

4.3.1. Team 1: Zero-waste modular headgear 
Using the methods of flattening, NbW and MsW, Team 1 developed a prototype for a seamless head-
gear for migrating in changing climatic conditions. The design consists of a dome-shaped form cover-
ing the head, as well as a removable flap (Figure 6a). Six interconnected layers were woven simulta-
neously that could be unfolded to generate the 3D dome. Due to time constraints and warping prob-
lems, the team had to present an unfinished prototype (Figure 6g), whose seamlessly constructed 
dome shape is nevertheless clearly visible. 
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Figure 6. Team 1: Digital CLO3D toile (a), flattened C&S toile consisting of 6 identical tapered modules (b), paper model (c), 
simplified digital TM (d), manual TM nailed to a wooden plank for warping (e, f), seamless dome shape (unfinished) (g). 
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4.3.2. Team 2: Saddle cover 
Combining the methods of flattening, MW, NbW and MsW, Team 2 designed a prototype for a seam-
less protective cover for bicycle saddles (Figure 7d) based on the observation that saddle covers as-
sembled by C&S often rip along the seams. It consists of a rigid plain-woven part covering the upper 
part of the saddle, and a more flexible knitted part that can be wrapped around the lower part of the 
saddle, thus holding the cover in place. After producing a toile (Figure 7a) and a digital TM (Figure 7b), 
they constructed the knitted module on a flatbed knitting machine, leaving large fringes at the edges 
of the piece in preparation for their later insertion into the woven piece. The latter was woven in two 
layers and could later be unfolded to generate the top of the cover. 

Figure 7. Team 2: Toile from woven (black) and knitted (grey) fabric (a), digital TM of the woven part indicating thread tra-
jectories (blue) and insertion points of threads from knitted module (pink) (b), warping process on extended loom (pink: warp, 
red: knitted module) (c), finished saddle cover prototype (d). 

4.3.3. Team 3: Circular jacquard-woven shapes 
Team 3 focused on the experimental development of flattened multi-layered circular shapes. Several 
circles were nested within each other and woven simultaneously on a semi-automatic jacquard loom. 
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These could unfold and later become e.g. a protection for fragile objects (Figure 8f). The students 
decided to produce the circular shapes without the methods described in 3.2 by leaving parts of the 
warp unwoven and cutting out the shapes after weaving, resulting in fringes at the edges (Figure 8e). 
They braided these into handles for the shape, and realised that when turning the object inside out, 
this excess material could serve as a pillow filling directly attached to the outer fabric. 

Figure 8. Team 3: Folding concept in cross section (a), paper model (b), digital CLO3D toile (c), yarn tests (d), production on 
jacquard loom (e), finished circular shapes as they were woven, or turned inside out (f). 
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5. Reflections 
The authors’ joint teaching of their complementary methods and techniques provided the textile de-
sign students with different possibilities to venture into the field of form-thinking, non-rectangular 
weaving and loom manipulation. The results show that the students were able to rapidly understand 
the requirements of these new methods and to integrate form-thinking directly into the textile design 
process. It added to their understanding of weaving as an alternative to C&S and some participants 
stated that some tools (e.g. paper models) helped them in understanding the potential embedded 
three-dimensionality of textiles. Additionally, the nail-looms were recurrently used by the students to 
rapidly illustrate ideas and discuss them with the team, or to experiment further with MW, NbW and 
MsW. Beyond the benefits of the application of these tools to make 3D form with textiles, some stu-
dents expressed that they expanded their understanding of weave theory in general, their compre-
hension of textiles as a 3D material system, and saw the potential for this to influence their practices 
beyond Tf-design. 

The workshop further showed that instead of teaching sustainable design methods as abstract or the-
oretical notions, they can be directly embedded into the making-process (McQuillan, 2023). Present-
ing the students with a diversity of approaches, encouraging them to question established ways of 
working and to experiment with new methods can create an openness to the idea that alternative 
ways of form-assembly other than C&S are necessary and possible, and that students can actively 
contribute to developing them. On a larger level, the integration of form-thinking into textile design 
could therefore contribute to a less wasteful textile industry, where combined textile and form-mak-
ing processes could lead to products thought out from the beginning to the end. 

In order to achieve this, however, significant systemic changes are necessary in the textile industry, 
and actors instigating such changes need to be educated. Therefore, form awareness needs to play a 
larger role in textile education, while textile-thinking and questioning assembly techniques needs to 
be more deeply established in form education. Future workshops could therefore benefit from a more 
interdisciplinary setup, in which textile designers develop ideas jointly with e.g. form designers or en-
gineers, whose expertise in digital and analogue 3D modelling, shaping, data analysis, and manufac-
turing possibilities could provide new insights and solutions. Besides, the development of digital tools 
simulating the flattening of 3D forms into 2D weaveable or otherwise assemblable formats could fur-
ther support this dynamic, as well as digital tools simulating the final outcome of such processes. 

6. Conclusion 
The design process for Woven Textile-forms entails a simultaneous and interdependent reflection of 
the form, material and assembly of a textile object and requires a shift from form assembly as a post-
weaving operation towards an integration of form-thinking into the textile design process. The fabric 
is constructed in its final 3D form through weaving while avoiding often wasteful form assembly meth-
ods such as cut-and-sew. To support textile and form designers’ creation of Woven Textile-forms, the 
paper introduces the methodological approaches of flattening and non-rectangular weaving and sev-
eral related prototyping and visualisation techniques based on adaptations of existing textile and fash-
ion design methods. These were probed within a pedagogical workshop with textile design master's 
students. The results show that a larger integration of form-thinking into textile design curricula offers 
opportunities for developing alternatives to established cut-and-assemble methods, and for stimulat-
ing interdisciplinary research on seamless and non-rectangular weaving. 



 

15 
 
 

References 
Abernathy, F. H., Dunlop, J. T., Hammond, J. H., & Weil, D. (1999). A stitch in time: Lean retailing and the trans-

formation of manufacturing - Lessons from the apparel and textile industries. Oxford University Press. 
Audren, G. (n.d.). Reinventing how clothes are made. Weffan. Retrieved 29 May 2023, from https://wef-

fan.co/WEAVES.  
Bassereau, J.-F., Charvet Pello, R., Faucheu, J., & Delafosse, D. (2015). Les objets intermédiaires de concep-

tion/design, instruments d’une recherche par le design. Sciences du Design, 2(2), 48–63. 
https://doi.org/10.3917/sdd.002.0048.  

Beck, U., Wagner, M., Li, X., Durkin-Meisterernst, D., & Tarasov, P. E. (2014). The invention of trousers and its 
likely affiliation with horseback riding and mobility: A case study of late 2nd millennium BC finds from 
Turfan in eastern Central Asia. Quaternary International, 348, 224–235. 
https://doi.org/10.1016/j.quaint.2014.04.056.  

Brunnhuber, S. (n.d.). Innovation and technique. Stem. Retrieved 29 May 2023, from 
https://www.stem.page/production.  

Burnham, D. K. (1973). Cut my cote. Royal Ontario Museum. 
Buso, A., McQuillan, H., Voorwinden, M. & Karana, E. (2023). Weaving textile-form interfaces: A material-

driven design journey. In D. Byrne, N. Martelaro, & A. Boucher (Eds.), Proceedings of the 2023 ACM De-
signing Interactive Systems Conference (pp. 608-622). ACM. https://doi.org/10.1145/3563657.3596086.  

Colburn, M., Gatzen, P., Highet, J., & Yaron, N. (n.d.). Friends of Light. Friends of Light. Retrieved 29 May 2023, 
from https://www.friendsoflight.net.  

Conti, G. M. (2019). Contemporary textile products. Knitting as a fertile design ground for experimentation 
with 3D technologies. In A. C. Broega, J. Cunha, H. Carvalho, M. Blanco Lage, G. García-Badell, & D. L. 
Gómez-Chacón (Eds.), Reverse design: A current scientific vision from the international fashion and de-
sign congress (pp. 331–340). CRC Press. 

Cooklin, G. (1997). Garment technology for fashion designers. Blackwell Science. 
Dekhla, L. (2018). Weaving dress. Exploring whole-garment weaving as a method to create expressive dress 

[MA Thesis, The Swedish School of Textiles]. http://www.diva-por-
tal.org/smash/get/diva2:1237042/FULLTEXT01.pdf.  

Drews, J.-A. (2019). The gap and how to bridge It: Attempts at reconciling weaving and garment-making [MA 
Thesis, École nationale supérieure des Arts Décoratifs]. https://softmatters.ensadlab.fr/wp-content/up-
loads/2021/10/The-Gap-and-How-to-Bridge-It_MA-Thesis_Juri-Apollo-Drews.pdf.  

Drews, J.-A. (in press). L’enjeu des finitions dans le projet de tissage zéro-chute No Cuts No Seams. In A. 
Castres, F. Cousin, & C. Duroselle (Eds.), Rubans, galons, franges, lisières. Finitions textiles. Les Indes sa-
vantes, Association française pour l’étude du textile. 

Euchner, J. (2015). Digital technologies and competitive advantage: An interview with Joe Weinman. Research-
Technology Management, 58(6), 12-17. https://doi.org/10.5437/08956308X5806003.  

Forst, L. (2022). Textile thinking in practice: Creative textile design methods as research in a circular economy. 
In D. Lockton, S. Lenzi, P. Hekkert, A. Oak, J. Sádaba, & P. Lloyd (Eds.), DRS2022: Bilbao, 25 June - 3 July 
2022, Bilbao, Spain. https://doi.org/10.21606/drs.2022.527.  

Giglio, A., Paoletti, I., & Conti, G. M. (2022). Three-dimensional (3D) textiles in architecture and fashion design: 
A brief overview of the opportunities and limits in current practice. Applied Composite Materials, 29(1), 
187–204. https://doi.org/10.1007/s10443-021-09932-9.  

Granger-Taylor, H. (1982). Weaving clothes to shape in the ancient world: The tunic and toga of the Arrin-
gatore. Textile History, 13(1), 3–25. 

Habert, J. (1978). Comment réaliser des vêtements sur votre métier à tisser. Ne restez pas un tisserand nu. 
Ilama. 

Harvey, C., Holtzman, E., Ko, J., Hagan, B., Wu, R., Marschner, S., & Kessler, D. (2019). Weaving objects: Spatial 
design and functionality of 3D-woven textiles. Leonardo, 52(4), 381–388. 
https://doi.org/10.1162/leon_a_01780.  

Kawlra, A. (2005). Kanchipuram sari: Design for auspiciousness. Design Issues, 21(4), 54–67. 
https://doi.org/10.1162/074793605774597451.  

Kaziur, P., Mikołajczyk, Z., Kłonowska, M., & Woźniak, B. (2022). Design methodology and technology of textile 
footwear. Materials, 15(16), 5720. https://doi.org/10.3390/ma15165720.  

Knoll, E. (2022). Weaving a no-waste garment on the loom: Understanding Gaussian curvature. The Textile Mu-
seum Journal, 49(1), 68–85. https://doi.org/10.7560/TMJ4901.  

https://weffan.co/WEAVES
https://weffan.co/WEAVES
https://doi.org/10.3917/sdd.002.0048
https://doi.org/10.1016/j.quaint.2014.04.056
https://www.stem.page/production
https://doi.org/10.1145/3563657.3596086
https://www.friendsoflight.net/
http://www.diva-portal.org/smash/get/diva2:1237042/FULLTEXT01.pdf
http://www.diva-portal.org/smash/get/diva2:1237042/FULLTEXT01.pdf
https://softmatters.ensadlab.fr/wp-content/uploads/2021/10/The-Gap-and-How-to-Bridge-It_MA-Thesis_Juri-Apollo-Drews.pdf
https://softmatters.ensadlab.fr/wp-content/uploads/2021/10/The-Gap-and-How-to-Bridge-It_MA-Thesis_Juri-Apollo-Drews.pdf
https://doi.org/10.5437/08956308X5806003
https://doi.org/10.21606/drs.2022.527
https://doi.org/10.1007/s10443-021-09932-9
https://doi.org/10.1162/leon_a_01780
https://doi.org/10.1162/074793605774597451
https://doi.org/10.3390/ma15165720
https://doi.org/10.7560/TMJ4901


 

16 
 
 

Liu, N. (2020). Activewear designs and innovations. In J. Yip (Ed.), Latest material and technological develop-
ments for activewear (pp. 25-46). Woodhead Publishing. https://doi.org/10.1016/B978-0-12-819492-
8.00002-8.  

Martin, K. P., Esponnette, E. F., Lam, W. H. M., Lafasto, S. M., Cloud, B. W., Gormley, B. J., Goodman, C. M., 
Kostadinov, S. D., Perkins, T. N., & Bollen, N. A. (2020). Systems and methods for creating topographical 
woven fabric (Patent No. US 2020/0048799 A1). 

McQuillan, H. (2019). Hybrid zero waste design practices. Zero waste pattern cutting for composite garment 
weaving and its implications. The Design Journal, 22(sup1), 803–819. 
https://doi.org/10.1080/14606925.2019.1613098.  

McQuillan, H. (2020a). Digital 3D design as a tool for augmenting zero-waste fashion design practice. Interna-
tional Journal of Fashion Design, Technology and Education, 13(1), 89–100. 
https://doi.org/10.1080/17543266.2020.1737248.  

McQuillan, H. (2020b). Zero waste systems thinking: Multimorphic Textile-forms [PhD Thesis, The Swedish 
School of Textiles]. http://hb.diva-portal.org/smash/record.jsf?pid=diva2%3A1478307&dswid=1117.  

McQuillan, H. (2023). Multimorphic textiles. Prototyping sustainability and circular systems. In R. Earley & R. 
Hornbuckle (Eds.), Design materials and making for social change. From materials we explore to materi-
als we wear (pp. 30–45). Routledge. 

Miyake, I. & Fujiwara, D. (2001). A-Poc making [exhibition catalogue]. Exhibited at Vitra Design Museum Berlin 
June 1- July 1 2001. 

Naji, M. (2021). Reconstructing the historic akhnif: A semi-circular woven-to-shape cloak of southern Morocco. 
The Textile Museum Journal, 48, 92–117. https://doi.org/10.7560/TMJ4806.  

Nawaz, N., & Nayak, R. (2015). Seamless garments. In Nayak, R. & Padhye, R. (Eds.), Garment manufacturing 
technology (pp. 373–383). Woodhead Publishing. https://doi.org/10.1016/B978-1-78242-232-7.00014-X 

Norgate, M., & Bennett, H. (1976). Scottish seamless shirts. Costume, 10(1), 53–67. 
https://doi.org/10.1179/cos.1976.10.1.53.  

Papadimitriou, K., & Pellegrin, C. (2007). Dynamics of a project through Intermediary Objects of Design (IODs): 
A sensemaking perspective. International Journal of Project Management, 25(5), 437–445. 
https://doi.org/10.1016/j.ijproman.2006.11.002.  

Piper, A. (2019). Material relationships: The textile and the garment, the maker and the machine. Developing a 
Composite Pattern Weaving system [PhD Thesis, Nottingham Trent University]. 
http://irep.ntu.ac.uk/id/eprint/39927/.  

Piper, A., & Townsend, K. (2015). Crafting the Composite Garment: The role of hand weaving in digital crea-
tion. Journal of Textile Design Research and Practice, 3(1–2), 3–26. 
https://doi.org/10.1080/20511787.2015.1127037.  

Redmore, N. A. (2011). Woven textile design. In A. Briggs-Goode & K. Townsend (Eds.), Textile design. Princi-
ples, advances and applications (pp. 31–54). Woodhead Publishing. 
https://doi.org/10.1533/9780857092564.1.31.  

Rissanen, T. (2007). Types of fashion design and pattern-making practice. Nordes 2007: Design Inquiries, 27-30 
May, University of Arts, Crafts, and Design, Stockholm, Sweden. 
https://doi.org/10.21606/nordes.2007.038.  

Rissanen, T. (2013). Zero-waste fashion design: A study at the intersection of cloth, fashion design and pattern 
cutting. [PhD Thesis, Sydney University of Technology]. 

Rissanen, T., & McQuillan, H. (2016). Zero waste fashion design. Bloomsbury, Fairchild Books. 
Roth, H. L. (1918). Studies in primitive looms. F. King & Sons. 
Runnel, A., Raihan, K., Castle, N., Oja, D., & Bhuiya, H. (2017). The undiscovered business potential of produc-

tion leftovers within global fashion supply chains: Creating a digitally enhanced circular economy insight 
from research among fabric and garment factories of China and Bangladesh. Reverse Resources. 
http://www.reverseresources.net/about/white-paper.  

Shi, Y., Taylor, L. W., Cheung, V., & Sayem, A. S. M. (2022). Biomimetic approach for the production of 3D wo-
ven spherical composite applied in apparel protection and performance. Applied Composite Materials, 
29(1), 159–171. https://doi.org/10.1007/s10443-021-09936-5.  

Steinmetz, S. (n.d.). Formed samples. Form Weben. Retrieved 29 May 2023, from https://www.formwe-
ben.com/form-samples.  

Townsend, K. (2003). Transforming shape: A simultaneous approach to the body, cloth and print for textile and 
garment design (synthesising CAD with manual methods) [PhD Thesis, Nottingham Trent University]. 

https://doi.org/10.1016/B978-0-12-819492-8.00002-8
https://doi.org/10.1016/B978-0-12-819492-8.00002-8
https://doi.org/10.1080/14606925.2019.1613098
https://doi.org/10.1080/17543266.2020.1737248
http://hb.diva-portal.org/smash/record.jsf?pid=diva2%3A1478307&dswid=1117
https://doi.org/10.7560/TMJ4806
https://doi.org/10.1179/cos.1976.10.1.53
https://doi.org/10.1016/j.ijproman.2006.11.002
http://irep.ntu.ac.uk/id/eprint/39927/
https://doi.org/10.1080/20511787.2015.1127037
https://doi.org/10.1533/9780857092564.1.31
https://doi.org/10.21606/nordes.2007.038
http://www.reverseresources.net/about/white-paper
https://doi.org/10.1007/s10443-021-09936-5
https://www.formweben.com/form-samples
https://www.formweben.com/form-samples


 

17 
 
 

Visser, A. (2023, June 15). Custom-fit jeans and VegaTM 3D weaving technology. Unspun Blog. 
https://www.unspun.io/blog/post/custom-fit-jeans-and-vega-tm-3d-weaving-technology.  

Vroom, B. (2022). 3D woven denim jacket [MA Thesis, TU Delft]. http://resolver.tudelft.nl/uuid:88bb6ff2-5e56-
4b7c-a8ef-545eebc63fd3.  

Wagner, M., Hallgren-Brekenkamp, M., Xu, D., Kang, X., Wertmann, P., James, C., Elkina, I., Hosner, D., Leipe, 
C., & Tarasov, P. E. (2022). The invention of twill tapestry points to Central Asia: Archaeological record 
of multiple textile techniques used to make the woollen outfit of a ca. 3000-year-old horse rider from 
Turfan, China. Archaeological Research in Asia, 29, 100344, https://doi.org/10.1016/j.ara.2021.100344.  

About the Authors: 

Juri-Apollo Drews: is a PhD student at École des Arts Déco whose practice-based re-
search focuses on the replacement of the cut-and-sew method by innovative non-
rectangular weaving approaches developed on modified hand looms. He holds de-
grees in Textile Design and Cultural Studies. 

Holly McQuillan: is Assistant Professor of Multimorphic Textile Systems at TU Delft. 
Oriented through a holistic lens, her research advocates for a new understanding of 
the relationship between designer and system, material, and form to conceptualise 
and prototype alternative futures.  

Aurélie Mosse: is working at the intersection of textile, architecture and new tech-
nologies. Co-leader of Soft Matters at Ensadlab, she is the first design-led researcher 
awarded with a JCJC grant from Agence Nationale pour la Recherche with the Impres-
sioVivo project.   

Acknowledgement: Juri-Apollo Drews’ PhD is funded by Paris Sciences et Lettres Uni-
versity (PSL) within the framework of the SACRe doctoral programme, pursued within 
the Soft Matters research group at Ensadlab, Ecole des Arts Décoratifs, and co-super-
vised by Aurélie Mosse (École des Arts Déco Paris), Claudia Mareis (HU Berlin) and 
Holly McQuillan (TU Delft). Thank you Milou Voorwinden for co-developing the Wo-
ven Textile-form workshop at TU Delft. Finally, we thank the workshop participants 
Alexandra Lenartowicz, Amir Berny, Juliette Clapson (team 1), Coline Girard, Kenza 
Ka, Max Cassagnes (team 2), Abbey Muza, Daria Bunz and Maude Guirault (team 3) 
for their stimulating contribution. 

https://www.unspun.io/blog/post/custom-fit-jeans-and-vega-tm-3d-weaving-technology
http://resolver.tudelft.nl/uuid:88bb6ff2-5e56-4b7c-a8ef-545eebc63fd3
http://resolver.tudelft.nl/uuid:88bb6ff2-5e56-4b7c-a8ef-545eebc63fd3
https://doi.org/10.1016/j.ara.2021.100344

