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The tendency to wear out and change is inherent in most materials, yet textiles are 

usually designed to retain a single expression. Within an experimental, practical work, 

materials that are inherently changeable were used to create woven and knitted struc-

tures in order to approach textiles from the perspective of changeability and explore 

what this might mean for the field of textile design. This was undertaken in order to 

improve our understanding of what designing textiles that change over time means for 

the practice of designing textiles. 

The experiments explored changes in colour, texture, and structure within single texti-

les, and used textural changes to create form based on three variables: material, textile 

structure, and the stimuli textiles were exposed to. Further experiments explored the 

potential applications of these textiles in the context of fashion and interiors. The out-

comes of the experiments showed that how materials are treated and used influences 

a textile’s expression and properties and how these change over time.

The research presented in this thesis suggests an alternative way of perceiving and de-

signing textiles: as things that are changeable. The changes in the properties, expres-

sions, aesthetics, and uses of textiles could be embedded during the design process 

through three interconnected variables: time, change, and context of use. This further 

suggests an alternative conception of quality for textiles which is based on the aesthe-

tics of change, in terms of when, how, and as a result of what a textile changes. Such 

a perspective could even encourage an increased acceptance of changes occurring in 

textiles, and help to re-establish a connection between people, the textiles that sur-

round them, and the materials that textiles are made of.

ABSTRACT
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Most textiles wear out and change over time and during use, yet they are usually desig-

ned to retain a single expression throughout their lifespan; changes in the expression 

or properties of a textile are rarely seen as a sign of good quality. At the same time, 

textiles and garments are being produced and consumed at increasing rates while the 

number of times garments are worn before being discarded is decreasing, leading to 

an increasing quantity of raw materials being turned into textile products and then 

discarded in a rapid cycle, in turn creating pressure on our limited resources (Ellen 

MacArthur Foundation 2017, 2021; McKinsey & Company and Global Fashion Agenda 

2020). McDonough and Braungart (2002: 119) argue that the scale and complexity 

of the production processes and increased turn-over of new products has led to “de-

evolution – simplification on a mass scale”, which reduces material diversity and has 

led to products being abstracted from the materials they are made of.

Borgmann (2000) argues that mass production, with its geographical distribution, 

has made acquisition and use of products easy, and at the same time abstracted the 

function and production of products from the efforts of using and making them. He 

argues that such enjoyment as a result of such acquisition and use, when uncoupled 

from effort, leads to paradigmatic consumption, which lessens engagement with mate-

rial reality and its focal things and practices. De Botton (2009) argues that in the past 

possessions were few and people knew their origins, and often even makers, whereas 

today there is an abundance of items to purchase but knowledge of the origins of these 

is unavailable. In addition, Albers (2000) notes that industrialisation seems to lessen 

first-hand experience of the material world. Edelkoort (2015) claims that the field of 

fashion and textiles lacks knowledge of the very materials practitioners work with – 

i.e. textiles – resulting in a two-dimensional, purely visual worldview, and Fletcher 

(2016) argues that the same is true for the users of clothing and textiles.

Moreover, the lifespans of textiles and the products that they are used to make are not 

necessarily the same. For example, short-lived, trend-sensitive garments might often 

be made of polyester, which can be a very durable material, while winter coats that are 

replaced less frequently may have a less durable material such as acrylic blended in the 

fabric, lessening the durability of the fabric and thus shortening its lifespan (Fletcher 

2014; Goldsworthy 2017). McDonough and Braungart (2002) discuss packaging, e.g. 

shampoo bottles, and argue that such subjects are everyday examples of the mismatch 

between a material and its intended use; in their current state, the bottles outlast their 

contents by far, whereas biodegradable alternatives could better match the lifespans 

of the contents. 

INTRODUCTION
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INTRODUCTION

Imbalances between the lifespans of textiles and textile products were the starting 

point for the research presented in this thesis. In an attempt to look for a better balance 

between these lifespans, the question was raised as to whether textiles actually should 

remain unchanged for as long as possible, or whether the changes in their properties, 

expressions, aesthetics, and uses of textiles could be embedded during design proces-

ses. Thus, the work approached textiles from the perspective of how things change, 

age, wear out, or completely break down and disintegrate.

Smart textiles have broadened the range of possible uses with regard to textiles, al-

lowing a wide variety of changes in their expressions and functions, inspired the ap-

proach to textiles taken in this thesis, i.e. from the perspective of changeability. The 

properties of these textiles are often, though not always, achieved, enhanced, or 

controlled by electronics, whereas the work presented in this thesis set out to explore 

whether it would be possible to enact such changes using the inherent, changeable 

properties of materials, their placement in textile structures, and everyday stimuli 

such as heat and water. Materials that melt, shrink, evaporate, or draw in dyestuff or 

dirt from their surroundings were combined with more static yarns in knitted and wo-

ven structures to explore a range of possible changes in terms of expressions and app-

lications. These included changes in colour, structure, and texture, such as becoming 

textured, contracting, expanding, and being possible to divide into multiple layers.

As material properties generally define what a textile reacts to and how, and textile 

structures influence how these reactions can manifest themselves, the ways in which 

these are combined is central when designing potential changes in a textile. Small 

changes in either can cause major changes in the expression and behaviour of a textile 

(Papadopoulou et al. 2017; Scott 2018). How a textile and its surroundings affect one 

another and the conditions and handling that a textile encounters further shape its 

form and expression. 

In developing an application involving textile materials, there is a choice whether to 

use existing textiles or develop new ones alongside the intended application (Nilsson 

2015a). The properties of a fabric often suggest possible uses but one fabric can be 

used in several different applications, and how it changes depends on how, for what, 

and by whom it is used. Embedding the possibility for change or evolving in the sense 

that the textile’s expression is built up over time (see Worbin 2013) could also open up 

for alternative applications, or encourage the rethinking of existing textile products. 

Properties such as shrinking, expanding, stiffening, separation of layers, and changes 

in colour, pattern, or texture could be used to add alternative or multiple expressions 

or functions to a textile or textile product.

The work presented in this thesis aimed to explore what approaching textiles from 

the perspective of changeability could mean for their design processes from the per-

spective of the material and structure of the textile. It also investigated how the con-

texts in which textiles are placed influence the changes that occur in them, and what 

role textile designers have in exploring alternative uses for textiles that are capable of 

changing and evolving. The research presented in this thesis suggests that perceiving 

and designing textiles as things that are capable of changing and evolving over time 

might support a first-hand experience and understanding of the materials that textiles 

are made of, and how their properties influence the expression, behaviour, longevity, 

and appreciation of textile products. Furthermore, the research asked: how, then, can 

textiles with an ability to change or evolve over time be designed by working with 

material properties and their placement and combination in a textile structure? How 

should such textiles be designed in relation to their planned uses and/or products they 

are intended for use in? What alternative uses or applications might they open up for? 

What design variables should be considered in relation to the changeability of textiles?

All of this was undertaken in order to improve our understanding of what it means for 

the design practice of textiles to design something that evolves and unfolds over time, 

and which design variables or stakeholders should be considered in relation to this. 

The research presented in this thesis suggests a shift in how changes in textiles are 

experienced and appreciated, away from valuing permanence and towards evaluating 

quality in textiles from the perspective of whether the changes occurring in them are 

timely and appropriate for a given context. This is constituted in relation to three de-

sign variables: when (time), how (change), and in reaction to what (context) a change 

occurs. Such an alternative view on quality in textiles could even support a reconnec-

tion of people to the textiles that surround them and the materials these are made of. 

The research presented in this thesis could be used as a basis for further research ex-

ploring other types of change in textiles, or what alternative uses such textiles might 

open up for. Potential users of such textiles include both consumers who purchase a 

fabric or textile product and designers and product developers who use textiles in a 

wide variety of applications. The textiles developed as part of this work could be used 

in education to teach textile thinking in combination with transformable yarns and 

fabrics. They could also be used in workshops with other stakeholders – such as desig-
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ners or researchers from fields such as materials science, fashion, interior and product 

design, or product development – or users in order to probe alternative roles and uses 

for textiles or textile products. These would also help to identify leverage points where 

collaboration and adjustments would be needed in order to incorporate changeable 

properties in textiles and make visible, communicate, and encourage a shift in the cur-

rent norms relating to expectations regarding quality in textiles.
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In traditional textile design, the visual and tactile properties of a textile, such as form, 

colour, pattern, texture, and feel, and its behaviour are usually expressed by combining 

different materials in textile structures and adding prints or other after-treatments. 

These basic properties are usually designed to be static and unchanging, but this chan-

ges if we approach textiles from the perspective of change. In the research presented 

in this thesis, changes in textiles were approached and analysed from the perspective 

of how these basic variables, in the form of visual and tactile properties, changed. This 

meant that the timescales that changes took place over and the types of change that 

occurred were design variables that shaped the expressions and properties of textiles, 

alongside the more traditional variables of form, colour, pattern, texture, and feel. 

Closely connected to these is the context a textile is placed in, which relates to the ty-

pes of stimuli the textile is exposed to and when, which in turn influence the form that 

the changes take in terms of the expression and properties of the textile. 

This background chapter discusses the concept of approaching textile design from the 

perspective of changeability in relation to textile materials and structures, and ques-

tions the idea of permanence as a mark of quality in textiles. This latter concept is 

closely linked to both the properties of textiles and cultural associations and values of 

perfection and aesthetic outdating. The places of the textile designer and textiles with 

changeable properties within the circular economy are discussed, as are various ap-

proaches to exploring time and change as design variables in textile design.

Material, structure, and perception of quality in 
textiles

The properties of a textile and the materials that it is made of, along with its structure 

and after-treatments, influence its lifespan, ecological impact in terms of production 

and maintenance, uses, how long it remains in use, how it wears out and ages, and 

how it can eventually be reused or recycled in terms of e.g. how the materials can be 

separated. How these properties change over time has received relatively little scho-

larly attention outside of studies with the aim of ensuring that textiles retain their 

original expressions and properties for as long as possible. Changes in textiles are 

often discussed in terms of prevention; for example, the term ‘appearance retention’ 

refers to how long a textile or product retains its original appearance during use and 

maintenance (Kadolph 2014). Nevertheless, changes such as colour-fading, stains, pil-

BACKGROUND
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ling, and misshaping occur in almost all textiles, though they are often not welcomed. 

The ideal of permanence also fits together with the industrial need to streamline and 

control production through standardisation and adherence to measurable parameters. 

Saito (2001) suggests that such an approach might be particular to Western Platonist 

ideas which, unlike those of other cultures, champion permanence and stability over 

transience and impermanence. 

How changes in the expressions and structures of textiles and textile products are 

thought about is related to perceptions of quality and aesthetic and societal values 

and norms. Stains bear a social stigma, and specific textiles, such as rags, placemats, 

aprons, and sportswear are intended to be stained, suggesting a lesser quality (Sorkin 

2000). There is a duality in how changes and imperfections in materials are regarded 

(Chapman 2005; Karana 2012; Fletcher 2014): materials such as polyester, wool, or 

cotton might be physically durable, but become aesthetically outdated due to stains, 

odours, or pilling, or – in the case of cotton, for example – are either durable or ea-

sily deformed, depending on the properties of the fibre, yarn, and weave structure 

used, and who made the product (Johansson 2020). Certain materials are durable 

and are seen to gain a patina as they age, such as thick leather or denim (Chapman 

2005; Townsend 2011). Jeans that, through wear, gain a patina and individual fit are 

perhaps the most typical example, and similar effects are often pursued during the 

production of denim garments by distressing the fabric through various treatments 

(Townsend 2011). 

Changes in value can also occur without any physical change as a result of the passage 

of time, aesthetic outdating through changes in tastes and values, or a general desire 

for newness (Niinimäki 2011; Fletcher 2014). Albers (2000, p. 39) argues that this 

“imprint of […] time is unavoidable”, though often unintentional. The development 

of technologies creates new needs that are incompatible with previous versions of ex-

isting products, incentivising the creation of improved versions of these Many current 

business models connect growing production and consumption to economic growth, 

leading to product lifespans shortening and new products replacing them at an increa-

sing pace – a practice Packard (1961) refers to as “planned obsolescence”.

The Japanese concept of beauty, wabi-sabi, stands in contrast to this, as it involves 

valuing highly the aesthetics of ageing and imperfection (Sartwell 2004; Koren 2015). 

Kintsugi is the Japanese practice of mending broken dishware using exclusive materi-

als such as gold so that the repairs became a visible part of the object (Koide & Tsuzuki 

2008), while boro – mending and patching textiles layer upon layer, often using even 

the smallest of scraps – was born out of necessity but also creates a visual map of the 

history and wear of the garment or textile (Ibid.). More recently, Rognoli and Karana 

(2014; 149, 154) proposed that imperfection and ageing can be used to add unique-

ness to products in order to encourage longevity through functional and aesthetic du-

rability. 

The definition of ‘quality’ in textiles or textile products often depends on context – the 

producer, target group, and intended use of the textile – and generally refers to overall 

characteristics, such as the textile being consistent with similar products and having 

no defects, and the material and form being durable and well-suited for their end use 

(Kadolph 2014). In quality-control processes, fibres, yarns, textiles, and textile pro-

ducts are tested to see how various factors contribute to their behaviour and how expo-

sure to various factors causes changes to occur, with fewer changes leading to a higher 

test score (Bilisik & Yolacan 2009; Damianov & Germanova-Krasteva 2013; Vedpal & 

V. Jain 2013). The intact surface of a new textile serves as a starting point for measu-

rement, and changes that occur are usually deemed to constitute a decrease in quality.

Yet, most textiles have properties that could be considered to be inherently changea-

ble. Some of these are present in everyday materials and relatively pronounced, such 

as wool’s shrinking and felting during washing, or jersey’s ability to stretch and com-

press. Slower changes such as colour-fading – which is often related to the type of dye 

used and exposure to e.g. sunlight – and accumulation of dirt or stains – caused by a 

material’s ability to absorb colour or its context of use – often become apparent over 

long periods of time. 

In the experiments presented in this thesis, an understanding of the properties and be-

haviour of the materials used, which was gained through hands-on experimentation, 

was central. Exploring dynamic yarns and static materials within textile structures and 

treating material samples in different ways helped to create an understanding of the 

possibilities and limitations of the yarns and the techniques of knitting and weaving. 

Alongside these experiments, technical information about materials and bindings and 

work with digital models were used to improve understanding and direct the design 

of the experiments. 
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Circular design in the field of textiles

IIncreased production and consumption rates of textiles and garments necessitate 

alternative models of production and consumption in order to reduce emissions of 

greenhouse gases and consumption of resources to a sustainable level (see e.g. World 

Commission on Environment and Development 1987; IPCC 2021). Within the fields of 

design, fashion, and textiles, various directions have been explored for slowing down 

the throughput of materials, decreasing the industry’s ecological impact, and promo-

ting material diversity. In cradle-to-cradle thinking, introduced by McDonough and 

Braungart (2002), products are designed to be used in a cyclical manner in order to 

eliminate waste, after which they either re-enter the biological system through e.g. 

safe biodegradation or rejoin the technical system by being up-cycled as new raw ma-

terials. 

In the field of fashion design several scholars – including Goldsworthy (2017), 

Moorhouse and Moorhouse (2017), and Smith, Baille, and McHattie (2017) – have 

explored circular practices, while others – e.g. Chapman (2005), Niinimäki (2011), 

and Fletcher (2016) – have investigated extending the lifespans of textiles by encou-

raging emotional attachment or ‘craft of use’, for example. Forst (2020) suggests that 

designing textiles with disassembly in mind would allow materials to be separated at 

the end of a textile’s lifespan, facilitating recycling or reuse. This approach could also 

be used to prolong the lifespans of textiles and textile products. Another approach 

is the development of alternative materials, such as processes for turning waste into 

new materials, for example separating mixed fibres of polyester and cotton for reuse 

(Palme 2017), and turning cellulose waste into new fibres (Ma et al. 2017; Re:newcell 

2018), or using recyclable, biodegradable, and mono-materials (Härkäsalmi 2018; 

Kataja & Kääriäinen 2018; Turunen 2018).

Meadows (1997) argues that parameters that can be measured are the most common-

ly used but least effective leverage points for creating change in a system. Although 

changing singular parameters is a relatively easy and accessible way to try to influence 

a system and might bring visible results locally and in the short term, a more effective 

but more difficult approach is to create change in terms of the values and behaviour 

of a system by influencing its goals and underlying paradigms (Ibid.). Bak-Andersen 

(2021) asserts that cultural values connected to materials, comfort, or aesthetics are 

difficult to measure using quantitative methods such as those often used to measure 

quality and the impact of improvements on production processes, but are nevertheless 

relevant to the sustainability of a design.

The concept of the circular economy is intended to minimise waste, decrease resource 

usage, and reduce the pace of consumption by having products or their raw materials 

have multiple lifespans and slowing the throughput of materials. Strategies for this 

include creating new design and business models by adopting different strategies for 

keeping products and materials in use longer, and designing them for re-use, disas-

sembly, and/or recycling (Niinimäki 2018). Stahel (2017) argues that the optimisa-

tion of usage of (existing) products lies at the core of the circular economy concept, as 

compared to the optimisation of production that is at the heart of the linear economy. 

RSA Action and Research Centre (2016: 14) proposes four design models or principles 

for the circular economy: ‘design for longevity’, ‘design for leasing or service’, ‘design 

for re-use in manufacture’ and ‘design for material recovery’. They further suggest that 

the first model, ‘design for longevity’, should be preferred since products should stay 

in use for as long as possible, and the other models should only be chosen when the 

type of the product is such that prolonging the use phase is not relevant. The second 

model, which should be chosen when the first model is not applicable, means desig-

ning for new business strategies, such as leasing or service, while the third model, 

which relates to designing for re-using and replacing parts in order to repair the pro-

duct, should be chosen if the first two models are not suitable. Designing for material 

recovery should only be used when the other strategies are not suitable. The circular 

economy requires a system perspective involving multiple stakeholders, ranging from 

designers, manufacturers, and suppliers to consumers and policy makers at different 

stages of the process (Ibid.; Niinimäki 2018; McQuillan 2020).

Rissanen and McQuillan (2016) explore zero-waste design methods for eliminating 

waste in garment production. McQuillan (2020: 398) argues that there is a need for 

holistic design processes that cover multiple perspectives on the object to be designed, 

and proposes a model of “Zero-Waste Systems Thinking” wherein design decisions 

ranging from choice of fibre and aesthetics to form are evaluated, often simultan-

eously, against multiple aspects ranging in scale from fibre behaviour to production 

facilities and planetary boundaries.

Niinimäki (2018) proposes guidelines for designing in relation to the circular eco-

nomy for stakeholders such as users, businesses, and industry. These relate to design 

decisions concerning style, quality, and aesthetic ageing in order to encourage longe-
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vity and deep product satisfaction, as well as designing for repair, reuse, recycling, and 

transformation, and using recycled materials in designs (Ibid.). Designing for trans-

formation involves designing with the future in mind and widening the scope of chan-

ges to include values, behaviour, and whole systems (Niinimäki 2018), which Sanders 

(2015) considers to be ‘intentional design’, and which is concerned with designing 

for organisational and social transformation, including behaviour changes. McQuillan 

(2020) and Niinimäki (2018) argue that managing such complexity when designing 

will require new tools, methods, and ways of thinking that embrace holistic and stra-

tegic thinking. 

Deep knowledge of materials and how they work in different processes is needed in 

order for designers to be able to work towards more sustainable solutions on the le-

vel of both systems and products. This knowledge relates to everything from mini-

mising waste, optimising lifespans, and designing for longevity, reuse, recycling, and 

reassembly to aesthetic and cultural experiences and the longevity of materials (Bak-

Andersen 2021). Understanding the possibilities, inherent properties, and limitations 

of materials and how these and textile structures can complement or contrast with 

each other will allow designers to work with materials and discover alternative met-

hods of circumventing their limitations (Albers 2000). Bak-Andersen (2021) argues 

that this places materials at the centre of design processes, and that embodied under-

standing gained through experience of materials is needed to achieve this. 

In line with McQuillan (2020) and Niinimäki (2018), the research presented in this 

thesis saw the textile designer as someone who must consider multiple aspects and 

stakeholders connected to the design, production, use, and disposal of textiles. On a 

more practical level, the textiles presented in this thesis explored alternatives to pro-

longing the period of time for which textiles are used. These alternatives took the form 

of visual changes in terms of colours and patterns that occurred gradually over long 

periods of time, or embedding the ability to adjust textiles to suit different purposes 

by changing their size, texture, or number of layers. Some of the experiments also 

touched on material separation for recycling, as dissolving yarns make it possible to 

separate layers of textiles from each other. Although most of the changes that took 

place were linear, their underlying purpose – opening up for a more varied view on 

textiles and slowing down the throughput of materials by introducing possibilities for 

change – was in line with the general aims of the circular economy. 

 

Time and change in textile design

Adam (1998) argues that nature, the environment, and sustainability are as much 

complex, temporal realms and processes as they are spatial concepts that consist 

of multiple, circular rhythms, and that the industrial perception of time is linear. 

Collisions between these two approaches to time can have dire consequences. Many 

environmental issues, such as air and water pollution, have their roots in human acti-

vity, but the consequences of these only become visible over time, often in a form that 

disguises their origins (Ibid.). Thackara (2006) describes the shift from natural time 

to industrial time as a move from event time to clock time, from living in time and star-

ting and completing tasks in natural time to being regulated by time. Industrial time 

works on the principles of speed and constant acceleration, but endless acceleration 

and growth are starting to be met and checked by the inherent limits of the planet. In 

order to tackle the linear, continuous acceleration of industrial time, Thackara sug-

gests designing for multiple times and speeds, some of which are fluid while others 

are quick or slow.

Aalto’s architecture is often constructed in a way that gives an impression of it having 

been designed or grown at different points in time (Pallasmaa 1998). In Villa Mairea, 

Aalto juxtaposes modernist, man-made materials and elements with traditional, and 

natural ones. Materials such as rattan cover structural steel columns, and the rustic 

wooden structure of the sauna meets the modernist, white-painted concrete and steel 

of the villa, creating an impression of a building that simultaneously looks towards 

a utopian future and is rooted in the traditional farmhouses of the past. The tactile 

surfaces and bodily experience of moving through space created by the variety of ma-

terials, textures, and details creates a multisensory experience that evokes a sense of 

intimacy (Ibid.).

From the perspective of textile design, allowing multiple speeds and tempos to exist 

simultaneously may also encourage a more diverse view on textiles, allowing them to 

change at different rates and have lifespans of different lengths. Fletcher (2014) and 

Goldsworthy (2017) propose that garments could have lifespans ranging from short 

to long, and argue that the lifespan of a garment should be based on its intended use, 

which in turn is connected to aspects such as the period of active usage, how well 

suited it is to the application, and user behaviour. In a similar manner to the way that 

fast and slow rhythms can be found in nature, Fletcher (2014) suggests opening up for 

a diversity of materials, complexities, speeds, and uses with regard to garments. The 
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actual lifespan of a garment should be considered during the design stage when choo-

sing materials, with short-lived, recyclable materials being selected for trend-sensitive 

garments and durable materials that improve with age for garments intended for long-

term use (Fletcher 2014; Goldsworthy 2017).

In the field of interaction design, Mazé (2007, p. 259) argues that designing should be 

seen to involve creating “material conditions for interactions and events” to unfold in 

various ways, rather than thinking about the object to be designed as having a specific 

final state. She further suggests that it might be beneficial to approach “use as parti-

cipation” to allow improvised innovations to develop over time, rather than endlessly 

improving products and processes to better fit users and simultaneously reducing the 

ability of users to undertake meaningful actions with regard to what can be predicted 

by the designer. This suggests an openness in terms of design and the manipulations 

and interactions afforded by this, contrasting with the design of static, predetermined 

objects.

Bergström et al. (2010: 156) argue that smart and computational materials are tempo-

ral in nature, in that their expression evolves during, and is shaped by, the interaction 

between the inherent properties of the materials and their uses. They describe such 

materials as “becoming materials”, and argue that designers need an understanding of 

the technical properties of these materials in order to envision potential applications 

and negotiate variables such as those relating to the material and the environmental 

and human factors connected to possible contexts of use. They further argue that an 

awareness of social practices and how materials are perceived by users is equally im-

portant. 

Within the field of textiles, Worbin (2010) argues that in order to be able to use the 

inherently changeable properties of materials and design textile expressions that can 

change or evolve, the designer must learn to understand and control these properties, 

and to find design methods and a vocabulary for describing them. Moreover, she as-

serts that when textiles become changeable, this affects not only how they are desig-

ned but the role of the user of the textile or textile product, which changes as a result 

of it no longer having a ‘final’ form or expression. Instead of a ready-made textile, a 

“raw expression with a potential to change and develop during use” is produced (Ibid.: 

255–256).

In the experiments presented in thesis, changes in textiles were approached from a 

perspective of openness similar to that of Mazé (2007), Bergström et al. (2010), and 

Worbin (2010), in that there was an aim to create certain conditions for change but an 

openness with regard to allowing the materials to undergo multiple interactions and 

manipulations. The colour-changing woven fabrics presented in Publication IV were 

designed in such a way that their expressions developed in several different directions 

from one starting point, either gradually by placing the fabrics in different usage con-

texts, or by dyeing or overdyeing the fabrics (using different methods). The texture, 

thickness, size, and number of layers of the woven textiles presented in Publication 

VI (and further explored in Publication III), which were capable of several sequential 

changes in terms of texture and structure, were possible to alter and adjust to suit dif-

ferent purposes and at different points during their lifespan. This idea of adaptability 

was explored further in the context of form in Publication V. The knitted fabrics pre-

sented in Publication I and discussed in Publication II had properties that allowed their 

expressions, textures, and structures to be manipulated by simple, everyday means in a 

number of different ways, leading to a range of expressions. In the research presented 

in this thesis, textiles were seen as temporal things capable of changing and evolving in 

various ways over different timescales and at tempos ranging from instant to gradual, 

allowing them to have different lifespans and be suited to different applications.

Change as a design variable in textile design

Worbin (2010: 255-256) identifies several basic design variables for textiles which are 

capable of changing: material properties, production techniques, change actuation 

(e.g. human interaction), time, and “dynamic form expression” (e.g. the programme 

that steers when and how the changes occur). These variables overlap and influence 

one another, requiring the designer to simultaneously consider multiple material and 

immaterial aspects that influence the overall expression of the object (Ibid.). 

Papadopoulou et al. (2017: 128) identify three general components of designing 

programmable materials with shape-changing properties: 1) material composition, 

2) ‘activation energy’, and 3) transformation mechanics. Programmable ‘active tex-

tiles’ consist of a material that contracts or expands when subjected to an ‘activation 

energy’ and a textile base, and the pattern of the textile, the direction of application 

of the active material, and the shape of the base influence how the transformation 

unfolds (Papadopoulou et al. 2017: 134). The light, heat, and water present in natu-
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ral environments can be used to initiate changes in material and shape, opening up 

for the possibility of products responding and adapting to their surroundings (Ibid.). 

Papadopoulou et al. also argue that these general principles draw attention to the pro-

grammability of existing materials, lowering the barrier for what such changes can be 

and who can design them.

Scott’s (2018) programmable textile systems add textile logic to hierarchical systems 

derived from nature through biomimicry, embedding reversible shape-changing beha-

viour in textiles. Based on the opening and closing behaviour of pinecones in response 

to moisture, she argues that the hierarchy of the inherent properties of the fibres, make 

of yarn, knitted structure, and fabric form can be used to embed responsive shape-

changing qualities in textiles. Scott’s work demonstrates that conventional materials 

and techniques can be used to create smart, responsive textiles using only the inherent 

properties of natural materials, suggesting novel possibilities that use existing produc-

tion technologies. 

In the experiments presented in this thesis, the focus was on embedding the poten-

tial for change in textiles using synthetic, dynamic yarns which enacted visible and 

tangible changes, allowing the textiles to respond to common stimuli such as water 

and heat. The changes were influenced by the properties and placement of materials 

within the textile structures, along with how the textiles were treated. These textiles 

responded to water and/or heat with a range of changes in terms of visual and tactile 

properties and behaviour. In some of the experiments no dynamic yarns were used, 

and instead change was approached through the inherent colour-changing properties 

of regular, static yarns. 

Principles similar to those posited by Papadopoulou et al. were explored, albeit in the 

textile medium of yarn and using the structural textile techniques of weaving and knit-

ting. The choice of material, textile structure, and treatment of the textile had varying 

roles in the experiments, although a directly hierarchical model in the manner of Scott 

was not used. For example, for the texture-changing two-thread fleece fabric discus-

sed in Publications I and II, the treatment of the fabric directly influenced the visual 

and tactile changes that occurred. Depending on the treatment, the fabric’s texture 

changed (resulting in textures ranging from soft and opaque to rigid and transparent) 

or the fabric was set in a form or part of its structure dissolved to create holes. The 

structures of the wavy-textured fabric and the dividable double-weave discussed in 

Publication VI, on the other hand, were identical in all aspects but the dynamic yarns 

used to construct them – one was water-reactive, dissolving, and shrinking, and the 

other heat-reactive, dissolving, and non-shrinking. This resulted in two fabrics that 

behaved in different ways, with the material as the central variable. 

It could be said that smart textiles, with their focus on responsive, adaptive, and dy-

namic properties in textiles, was the lens through which the work presented in this 

thesis approached the design of regular textiles in order to see them as fundamentally 

changeable objects. Dynamic materials have broadened the spectrum of changeable 

expressions in textiles to include changes in colour, pattern, texture, structure, and 

function, expanding the notion of textile expressions to cover aspects of time and 

change. Dynamic yarns can be integrated in the structures of textiles using traditional 

textile techniques and dynamic properties can be added to textiles using prints, coa-

tings, and sewing. Smart materials and textiles can sense and react to environmental 

conditions and stimuli, such as electricity, heat, light, pressure, UV light, and moisture 

(Tao 2001), and respond by shrinking, melting, stiffening, lighting up, or changing 

colour. Changes in colour and shape are often triggered by everyday stimuli such as 

heat and light, changing how textiles can be used and designed and opening up for 

the possibility of one fabric having multiple functions and proposing alternative uses, 

functions, life cycles, and methods of disposal for textiles (Quinn 2013). 

Changes in textiles can generally be categorised as reversible or irreversible (Worbin 

2010). Textiles that are able to undergo reversible changes can go back and forth bet-

ween multiple expressions or stages, while ones that undergo irreversible changes in 

expression do not return to their original expression once they have changed; instead, 

their expression is built up over the course of successive changes (Ibid.). The experi-

ments presented in this thesis focused on irreversible changes in order to explore the 

notion of textiles as things that change over the course of their lifespans. The choice of 

materials supported this, as materials that did not return to their original states were 

chosen for the experiments.

While irreversible changes may occur instantly or gradually over longer periods of 

time, reversible changes (such as those which are achieved using colour-changing pig-

ments that react to changes in temperature or light from a variety of sources) often 

occur over relatively short timespans, placing more focus on the tempo, rhythm, and 

timing of changes. The number, order, duration, and repetition of changes in the co-

lour or pattern of a textile define its expression. For example, Persson and Worbin’s 

(2010) Spår (‘traces’) is a carpet that displays a temporary pattern in response to foots-
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teps, the exact parameters of which are influenced by the time it took for the carpet to 

respond to the footsteps, the time for which the electroluminescent wires were activa-

ted, and the order in which they were turned on and off. Kooroshnia’s (2017) colour-

changing patterns explore thermochromic inks with different activation temperatures 

to create patterns capable of reversible, seamless colour transitions between several 

different colour schemes. 

Tangible and reversible changes are often produced by smart materials that respond 

to external stimuli such as heat, light, pressure, and electrical fields (Ritter 2007). For 

example, shape-memory alloys can, in response to changes in temperature, change to 

a pre-programmed shape, while thermobimetals consist of two materials with diffe-

ring thermal expansion rates, causing the material to bend when heated (Ibid.). Grado 

Zero Espace’s Oricalco shirt has shape-memory alloy incorporated into the fabric, al-

lowing the shirt to adapt to changes in its surroundings through the sleeves shortening 

with increasing temperature (Grado Zero Innovation 2017). Similar examples include 

Mossé’s (2018) Photovoltaic Mashrabiya – an energy-harvesting textile membrane 

that responds to changes in light by changing shape – and the dielectric elastomer-

based works Adaptive Sediments and The Reef, which explore self-actuating, shape-

changing textiles. 

Irreversible changes can influence the visual expression, structure, and tactile qualities 

of a textile. They have been used as a method of allowing a textile or textile product’s 

expression to develop over time and without a specific end point, and as a means to as-

semble, adjust, or customise a product to have a specific final expression. For example, 

Storey, Ryan, and Belford (2008) explored materials capable of dematerialising at the 

end of their lifespans: using water-soluble synthetic PVA they created water bottles 

that dissolve, which they used to germinate seeds and create an exquisite, painsta-

kingly crafted dresses that disappeared when dipped in water as a commentary on the 

twenty-first century rapid consumption of garments.

Dumitrescu (2013) and Persson (2013) explored interactive tactility in knitted struc-

tures by using heat as a design element. The knitted structures of the Touching Loops 

collection responded to touch by heating up, changing the structure and expression 

of the knit, which shrank, stiffened, and broke. Landin, Persson, and Worbin (2008) 

explored irreversible visual and tactile changes in textiles by creating a tablecloth that 

reacts to incoming phone calls with non-chemical burn marks in the fabric in random 

places, creating a pattern in the fabric over the course of a dinner.

The MIT Self-Assembly Lab’s ‘Active Textile Tailoring’ project uses permanently heat-

shrinking yarns and static yarns in whole-garment knitting to create garments that can 

be adjusted to fit a specific wearer by applying heat in specific places, simultaneously 

changing the colour and pattern of the knit (Tessmer et al. 2019). The Self-Assembly 

Lab has also explored 4D-printing by combining water-sensitive, expanding materi-

als with rigid materials to create self-assembling, programmable materials that shape 

themselves using water (Tibbits 2014). The form and placement of the materials influ-

ence the direction and bending of the structure, determining the form (Ibid.). 

In the context of textiles, Brock’s (2018) Jacquard-woven, three-dimensional, ‘self-

assembling’ textiles combine weave structures with the shrinking properties of va-

rious materials to create form and surface texture with minimal finishing after they 

are removed from the loom. In a similar manner, Miyake’s self-forming, industrially 

woven ‘3D Steam Stretch’ fabrics are flat when woven and steamed to create three-

dimensional forms (Howarth 2014a). 

The MIT Self-Assembly Lab’s 4D-printing experiments and Brock and Miyake’s textiles 

explore the idea of embedding changes in form and texture as a method of assembling 

or creating a final form in a textile or an object. ‘Active Textile Tailoring’ and the work 

of Dumitrescu, Landin, Persson, and Worbin explore irreversible changes as occurren-

ces at different points in a textile or textile object’s lifespan, and this approach was 

adopted for the experiments presented in this work: textiles changed over the course 

of their lifespans and for different reasons, such as in response to efforts to form or 

adjust them. In addition, how such changes should be designed in relation to potential 

use was investigated. 

Time as a design variable in textile design

Changes in textiles can take place over multiple timespans and in various rhythms. 

Jansen (2015) explores temporal patterns in textiles through the movement of light, 

and suggests expanding the range of textile expressions to encompass continuous mo-

vement, in which the textile’s expression evolves and is revealed over time. She argues 

that composing temporal textile patterns over time introduces new design variables 

such as transition and rhythm to the design process, and that new design processes 

are needed in order to work with these variables. Similarly, in choreography, time can 
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be approached through various perspectives, such as tempo, momentum, duration, 

regular/irregular beat and accent, natural rhythm, and stillness, and becomes a space 

where things can be coordinated (Blom & Chaplin 1982).

Various ways for garments and textiles to evolve over time and in use have been ex-

plored: Riisberg and Grose (2017) propose that garments could be designed to evolve 

over time and suggest that designers include temporal dimensions in the making and 

usage of garments to prolong their lifespans, slowing down the flow of raw materials 

through the fashion system and thus saving resources. Collet’s (2009) Suicidal Poufs 

combine a hairy surface of biodegradable jute and sisal yarns with a sleek nylon core, 

informed by biological functions and how materials wear out at different rates. The 

combination of materials allows the poufs’ surfaces and forms to evolve over time as 

the natural materials disappear. Focusing primarily on visual changes, the biodynamic 

colour palette of Blond and Bieber’s (Howarth 2014b) algae-based prints change over 

time due to sunlight; similarly, the colours and patterns of Worbin’s (2013) textiles, 

which are naturally dyed without the use of mordants, change and evolve over time. 

Many projects consider time and change in relation to expected usage. Whiting’s white 

trainer for Puma has a hidden pattern that gradually emerges as the shoe becomes 

dirty, while Wood’s coffee mugs and teacups have glazed and non-glazed areas that 

are coloured differently as a result of use, creating unique patterns of use (Chapman 

2012; University of Brighton 2013). Dixon’s Eco Ware tableware (Fairs 2009) is made 

of biodegradable plastic that gradually wears out, and after around five years can be 

composted. These examples also turn wear and tear, which is traditionally seen to de-

crease the value of things, into something that adds to a product’s value.

The aesthetics of wear and tear have been explored in the fields of fashion and texti-

les. NUNO’s textiles have their roots in Japanese aesthetics: the Boro Boro collection 

explores the aesthetics of ageing by using treatments, such as felting, burning, devoré, 

and removing warp or weft threads, to speed up the ageing process of woven fabrics 

(Sudo & Birnbaum 1997). Margiela (HYPEBEAST 2018) combines high-end, fresh-

out-of-the-box footwear with notions of something dirty, embarrassing, and unwanted 

in a pre-distressed trainer that resembles a dirty white sock. In these examples, wear 

and tear are approached as inspiration for aesthetic expression. Chalayan uses wear 

and tear to explore alternative aesthetics: The Tangent Flows collection explored an 

alternative aesthetic through the process of decomposition: the garments were buried 

with iron filings, resulting in decay and rust (Golbin 2011). In the experiments presen-

ted in this thesis wear and tear and change were used to create textile expressions, but 

the main focus was the changeability of these expressions and the idea that textiles do 

not have to retain the same expression throughout their lifespans.  

The textiles explored in the appended publications and presented in the ’Experiments’ 

chapter were primarily designed to explore an alternative approach to textiles as 

things that are inherently changeable, as opposed to the current paradigm of striving 

to ensure that they remain unchanged for as long as possible. Such a shift would requi-

re changes in how textiles and textile products are designed and used, as well as how 

changes such as signs of wear and tear and ageing, and more instantaneous changes in 

function or expression, are experienced and appreciated. 
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The experimental design research presented in this thesis and the appended papers 

explored what approaching textiles from the perspective of changeability could mean 

for design processes. The work built on experimental practical work carried out in the 

Weaving and Knitting Technology Labs at the Swedish School of Textiles in Borås, in-

cluding development, treating, and prototyping of woven and knitted textiles, as well 

as the conducting of form experiments and workshops with these. Experimental prac-

tical work formed the core of the research presented in this thesis (see also Koskinen 

et al. 2011; Seago & Dunne 1999). 

Rheinberger (2012: 220) argues that experiments, or more precisely series of experi-

ments, play a central role in generating new knowledge. Such experimental systems 

possess an inbuilt ambiguity, and they are described as “vehicles for materializing 

questions” that can be used to generate answers to questions not yet clearly formu-

lated. Experimental systems are in essence formed by two parts: epistemic things – 

material properties and processes to be enquired into, which are vague in their nature 

– and technical objects – the tools and methods used, which are often concrete and 

established, and form the conditions that frame and eventually articulate epistemic 

things. These two parts are in constant interplay; technical objects define how episte-

mic things represent themselves, while sufficiently established epistemic things turn 

into technical conditions for further experiments (Ibid.). 

The outcomes of the practical experiments presented in this thesis influenced the 

direction of individual projects as well as how the research as a whole unfolded, in 

that they refined the research questions and suggested areas of further inquiry. For 

example, the discovery of the fact that polyvinyl alcohol yarn shrinks but does not 

dissolve when it is machine washed opened up for the creation of textures through 

washing. Similarly, the outcomes of the experiments that explored the design of textile 

patterns with visual expressions that evolved in multiple directions from one starting 

point suggested the value of further research into visible and tangible changes and 

investigation as to whether multiple stages of sequential change could be designed 

within one textile. This in turn opened up for embedding several different functions 

or uses into one textile product. Schön (2003: 78, 135) defines designing as “a con-

versation with the materials of a situation”, describing such unintended consequences 

of actions as a situation’s “back talk” to the practitioner, who may then reframe the 

situation by reflecting on them, opening up for the generation of new knowledge and 

directions for further exploration.

METHOD
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Exploring materials with inherently changeable properties and how they can be com-

bined in woven and knitted structures formed the basis of the experimental work. The 

design variables of material and technique are characteristic of textile design, and are 

described by Schön (2003: 270-271, 273) as “constants” which ground the practitio-

ner in relation to where their reflective conversations take place. These are the media 

and language used to conduct and describe experiments, and facilitate evaluation of 

and reflection on the framing of problems and outcomes. There is an internal logic in 

a researcher’s appreciative system within which the methods chosen, decisions made, 

conclusions drawn, and results achieved can be considered to aim for objectivity – alt-

hough this may not be the case when considered from a different frame of reference, 

such as that of another discipline (Hallnäs & Redström 2006; Schön 2003). In the case 

of the research presented in this thesis this is the logic of textile design, and relates 

to how the three interconnected design variables of material, structure, and context 

define a textile’s properties and how these might change. Textiles are often used as 

raw materials in the creation of other things. This thesis touches upon different textile 

contexts, such as garments and interiors, but always through the lens of textile design.

The research presented in this thesis followed Albers’ (Danilowitz 2000) notion that 

hand weaving and industrial weaving are complementary techniques that each offer 

different possibilities and restrictions to suit different purposes. The majority of the 

experiments presented in this thesis were conducted on an industrial Jacquard loom; 

others were performed using industrial and hand-knitting machines or hand looms. 

Working on a Jacquard loom makes it possible to work with patterns and bindings on 

a larger scale, and for multiple bindings to be combined in different areas of the wea-

ve, facilitating the creation of layers, patterns, and textures and allowing variation in 

terms of bindings and material combinations to be developed and tested flexibly. Hand 

weaving, on the other hand, allows for more freedom in terms of variety of materials 

and makes it possible to adjust the work while weaving. Albers (2000) notes that the 

core of both techniques is the dialogue between the material and the structure: the 

structure of a fabric can alter the properties of a material, and material properties – 

together with structure – define the properties of the fabric.

Systematic exploration requires reflection. Biggs (2002: 113) suggests that, in practi-

ce-based research, both making and writing are needed in order to “represent a whole 

concept”. In the research presented in this thesis, practical experimental work alter-

nated with writing and reflection. Writing papers and formulating exhibition propo-

sals was a way to systematically collect, analyse, and reflect upon the practical work, 

sometimes leading to insights which opened up new directions for the work. Writing 

was a way to reflect on the practical experiments, formulate and define what they were 

about, and place them in a context, which Hallnäs (2010) and Biggs (2002) argue are 

necessary stages of arriving at valid conclusions. The design process then became, as 

Hallnäs (2010) argues, an interplay between exploratory, practical work for finding 

examples and the conceptual work of writing and formulating principles.
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The textiles presented in this chapter were developed as part of the research presented 

in the appended publications (Publications I-VI) and ask whether the inevitable chan-

ges in the properties and expression of textiles could be embedded in them already 

on the level of design. In this chapter the four groups of experiments, discussed in 

more detail in Publications I-VI, are presented briefly; each textile that was develo-

ped is presented, as are the experiments that were undertaken with it (see Table 1). 

Experimental work with water- and heat-reactive materials and materials prone to 

subtle changes in colour in combination with knitted and woven structures facilitated 

explorations of how material choices and placement and textile structure can be used 

to design textiles that can change and evolve over time. In total, 14 fabrics and 10 raw 

woven forms were developed in the experiments.

The ways in which changes in textiles can be actuated were explored by exposing the 

textiles to stimuli such as heat and water through spraying, machine washing, stea-

ming, and ironing to observe how the different stimuli influenced the changes that 

occurred. Furthermore, non-traditional methods of dyeing textiles, such as using, bu-

rying, and washing them with coloured laundry, were investigated with textiles con-

sisting of several materials to explore how multiple changes in colour can be achieved 

within one textile. Further experiments explored how these textiles might behave and 

change and what they might be exposed to when used in different contexts, such as 

fashion and interior design, and what embedding the potential for change in textiles 

and textile products means for their design processes and potential applications.

All of the experiments were analysed with a focus on changes that occurred in the 

visual and tactile properties and feel and behaviour of textiles. In the first series of ex-

periments the focus was on the types of changes in expression that different materials, 

structures, and treatments created. The woven samples and knits were treated in va-

rious ways with stimuli, which they responded to with changes in expression. In addi-

tion, the potential uses of these changes as design materials and for creating form were 

analysed in a workshop. In the second group of experiments the focus was on changes 

in the colours of the textiles, and how different materials can be dyed and combined 

in a weave to create multiple colour schemes in one textile. The woven fabrics were 

subjected to stimuli and in response changed their expressions. The potential of these 

changes as design materials for home textiles was analysed. 

The third group of experiments focused on visual and tangible changes, which often 

occurred simultaneously, and included enacting changes in texture, size, and number 

EXPERIMENTS
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of layers in one textile by exploring how dynamic yarns were placed in woven fabrics. 

The woven fabrics were subjected to stimuli and in response their expressions chan-

ged. The potential of these changes as design materials for home textiles was analysed. 

The fourth group of experiments focused on the forms that could be created through 

changes in the texture and size of a fabric and the pattern of the weave. The woven 

fabrics were subjected to stimuli and in response their expressions changed. The po-

tential of these changes for creating form was analysed.

Each group of experiments built on the previous one, and explored one aspect of em-

bedding the potential for change in textiles. The outcomes of each group of experi-

ments suggested directions for further research (see Schön 2003; Rheinberger 2012). 

The first group of experiments (the initial experiments with materials and structures) 

explored the properties of materials and their placement in textile structures, the ef-

fect of this on the changes that occurred in the textiles, and how these changes could 

be actuated by passive or active stimuli (Samples and Fabrics A–K). Woven textiles 

made of materials that are prone to visual changes were placed outdoors to be changed 

by the weather, and a collection of knitted textiles that changed in terms of structure 

and texture in ways ranging from subtle to explicit was given to fashion design stu-

dents in workshops (Publications I and II). 

The results of the first group of experiments suggested that further research into co-

lour changes in patterns was needed. Hence, the second group of experiments explo-

red designing several colour changes in one textile (Fabrics L–M). Plain and Jacquard-

patterned woven fabrics that combined multiple materials were subjected to various 

uses and conditions, resulting in different colour combinations depending on what 

conditions the textiles had been exposed to. The results showed how the natural age-

ing and changing of materials can be used to design evolving patterns or colours in 

textiles, suggesting an alternative definition for quality that is based on the aesthetics 

of change (Publication IV). 

The outcomes of the first two groups of experiments suggested that further research 

should be conducted into tangible changes in a textile’s structure and whether several 

changes in texture and structure could be embedded in one textile. As a result, for the 

third group of experiments, shrinking, dissolving, and stiffening yarns were used to 

weave structures, resulting in a collection of textiles with textures, sizes, thicknesses, 

and numbers of layers that could be changed using heat and water (Fabrics N–R). The 

fabrics developed were further explored in the context of possible applications, and 

Table 1: An overview of the four series of expe-
riments and the textiles presented in this chap-
ter, and the changes occurring in the textiles.  
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Changes in colour – The colours of the pattern of the textile chan-

ged due to the different fibres of the fabric absorbing colour partic-

les differently. Such colour changes occurred gradually as the textile 

picked up dirt or other traces of use over time, or instantly by dyeing 

the textile. Colour changes were also embedded in textiles by adding 

an additional colour that was revealed when layers were separated.

Changes in texture – The texture of the textile changed due to one 

or more materials in the fabric shrinking or dissolving in response to 

heat or water. These took place individually or as part of successive 

steps wherein the textile went through multiple stages involving dif-

ferent textures or an alternation between textured and non-textured 

surfaces. Changes in texture generally also involved changes in the 

size of the textiles. They occurred relatively instantaneously when 

textiles were exposed to a stimulus such as heat or water from iro-

ning, steaming, or washing.

Changes in structure – The structures of textiles were changed 

when one or more materials were removed as a result of e.g. dissol-

ving in response to heat or water. The effects of changes in structure 

included the textile dividing into two or more layers and changes in 

size (expansion) and texture. Structural changes took place relati-

vely instantaneously when textiles were exposed to a stimulus such 

as heat or water from ironing, steaming, or washing.

Division of layers – A fabric divided into two or more when one or 

more materials in the fabric were removed though e.g. dissolving in 

response to heat or water. The division of layers took place relatively 

instantaneously when textiles were exposed to a stimulus such as 

heat or water from ironing, steaming, or washing.

Changes in size – The size of textiles changed when one or more 

materials in the fabric shrank or dissolved in response to heat or 

water. The textiles increased or decreased in size, and these chan-

ges took place in one or several steps of shrinking and expansion. 

Changes in size also generally involved changes in the texture of the 

textiles, and occurred relatively instantaneously when textiles were 

exposed to a stimulus such as heat or water from ironing, steaming, 

or washing.

Formability – The textiles were possible to form using e.g. shrinking 

in specific places or being shrunk around a form, and form could 

be created by dissolving or stretching the textile in specific places. 

Changes in form also generally involved changes in texture and size, 

and occurred relatively instantaneously when textiles were exposed 

to a stimulus such as heat or water from ironing, steaming, or wash-

ing.

Changes in form – The textiles had a raw shape or form embedded 

in their structure that could be actuated through e.g. shrinking them 

in specific places or around a mould to create variations of the base 

form. Changes in form also generally involved changes in texture 

and size, and occurred relatively instantaneously when textiles were 

exposed to a stimulus such as heat or water from ironing, steaming, 

or washing. 

The textiles presented in this chapter each possess one or several changeable 
properties (Table 1). Below, an example of each type of change is shown in a 
small photo next to its description.
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the outcomes of these experiments suggested that embedding changes in textile pro-

ducts using the textiles’ properties requires an alternative way of designing textile pro-

ducts, where the textile is developed alongside the product. The experiments further 

suggested how textiles which are able to undergo multiple, sequential changes could 

allow for several product lifespans to be embedded in one material. This project was 

carried out in collaboration with Worbin (Publication VI).

Due to their formable properties, some of the fabrics developed as part of the first and 

the third groups of experiments (Fabrics J, N, O, and S) were also used in a series of ex-

periments with Peterson, a fashion designer and PhD student. This fourth group of ex-

periments used moulds to explore the creation of surface and form simultaneously, in 

relation to garment-making (Publication III). The experiments suggested that the size 

and texture of the raw textile, how much it shrank, and its placement on the mould all 

influenced the resulting form. These experiments were performed on garments, but 

the same principle could be applied to other textile forms. 

This line of research was pursued further with Peterson in the second part of the fourth 

group of experiments, which focused on whole-garment weaving (Samples T-W). A 

series of raw shapes for garments were woven and shrunk on several different glass 

moulds, producing a range of different shapes. The results of the experiments demon-

strated how the properties of a textile can play a significant role in creating form, and 

suggested alternative methods of designing and making garments and other textile 

products (Publication V). 

Experimental setup and materials

In order to explore the design of textiles with change and evolution as design ele-

ments, materials that undergo changes that are either solely visible or visible and 

tangible were chosen. These were materials that respond to the commonly available 

external actuators of water and heat, and were used to embed changes directly in the 

structures of the textiles, without the need for embedded electronics. In order to ex-

plore changes and evolution in the context of how textiles change over the course of 

their lifespans, materials that undergo irreversible changes were chosen over ones that 

undergo reversible changes. The properties of the materials were in line with the over-

all purpose of the work: to approach textiles as things that are inherently changeable, 

allowing for changes to occur in response to the stimuli that textiles are subjected to 

in everyday life.

Three materials with tangible, inherently changeable properties were chosen for the 

experiments: water (or other water-based liquid)-reactive, shrinking, and dissolving 

polyvinyl alcohol (PVA) yarn; heat-reactive, melting thermoplastic copolyamide 

(coPA) yarn; and heat-reactive, shrinking, and stiffening thermoplastic composite 

polyethylene terephthalate (PET) yarn (DeMerlis & Schoneker 2003; Comfil 2022; 

EMS-GRILTECH 2022; Kuraray 2022a; Kuraray 2022b; see also Table 2). These are 

hereafter referred to as PVA, coPA, and PET yarns, respectively. These materials un-

dergo irreversible changes, meaning that they are not able to regain their original ex-

pressions; instead, their expressions are built up gradually, over time (Worbin 2010).

PVA yarn shrinks when ironed at over 150°C or steamed, and shrinks and melts when 

water of any temperature is added to the fabric. Two types of PVA yarn were used in 

the experiments: the first series of experiments was conducted using yarn that is dis-

solved by water of 20°C, and the third and fourth series of experiments were conduc-

ted using yarn which is dissolved by water of 40°C (Kuraray 2022a; see Table 2). The 

temperature of the water determines how fast the yarn reacts, with cold water causing 

slower, prolonged shrinkage and boiling water instantly dissolving the yarn. Adding 

water to the entirety of the textile and utilising mechanical movement, as in machine 

washing, causes PVA yarn to shrink evenly. The yarn does not dissolve completely un-

less the water temperature is close to boiling, and tolerates repeated machine washing. 

The density and weight of the fabric that the yarn is used in and the amount of water 

and stirring influence to what extent the yarn dissolves (Kuraray 2022a). 

When it is shrunk using water, PVA yarn loses its textile properties of softness and 

pliability and its yarn form, and becomes hard and translucent. Shrinking it using heat 

instead of water allows it to retain its textile properties. In textiles, PVA yarn can be 

used to embed the possibility of changes in terms of texture and size, as well as the 

property of formability, by using the yarn’s shrinking behaviour in combination with 

other materials. The yarn’s dissolving behaviour facilitates further changes in texture 

(in that it returns to being non-textured) and allows a textile to be divided into two or 

more separate pieces of fabric. 

CoPA yarns are dissolved by heat of 85°C (Districo 2022; Table 2). Small amounts of 

yarn can be removed such that no trace is left on the fabric by ironing, steaming, or 
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using a hair dryer, but larger amounts do not dissolve completely and leave visible 

residue on the fabric. Placing the yarn between layers of fabric makes it more resistant 

to dissolving as the fabric protects it from the heat. When machine washed at 60°C, the 

yarn shrinks but does not dissolve. 

CoPA yarns can be used to create layered textiles that can be divided or have ope-

nings created by dissolving parts of them using heat. Unlike PVA yarns, which also 

dissolve, coPA yarns do not shrink in response to relatively low temperatures and are 

not water-reactive, so can be used in fabrics where a change in texture is undesirable 

and the ability to wash the textile in water is required. Heat-reactive dissolving yarn 

also reduces the possibility of accidentally causing changes in the textile as compared 

to water-soluble yarn.

PET yarn starts shrinking at around 130°C and can be shrunk using ironing, steaming, 

or a hair dryer (Table 2). When it has shrunk, the yarn stiffens somewhat and loses 

some of its softness and pliability1.  When combined with other yarns, PET yarn can 

be used to create shrinkage, texture, and formable properties in fabrics. Moreover, 

changes in texture and form are permanent as the yarn does not dissolve or expand 

after shrinking.

As a collection, the three materials opened up for exploration of a variety of changes 

within textiles. Their responsiveness to heat and water made it possible to manipulate 

the properties of fabrics with easily accessible stimuli such as heat and water from iro-

ning, steaming, machine washing, spraying, or a hairdryer. Combining multiple yarns 

in one textile opened up for the creation of textiles that responded to several different 

stimuli, making it possible to change some parts of a textile while leaving other parts 

unchanged. 

The three dynamic yarns were complimented and combined with yarns with more 

static properties, including paper, cotton, and wool yarns and uncoated copper and 

stainless-steel wire. These more static materials formed the main body of the fabrics, 

while the dynamic yarns were added to the structures of the fabrics to facilitate chan-

ges in texture, size, thickness, opacity, and number of layers. The static materials were 

chosen due to the subtle, slower, and irreversible changes in colour that they undergo 

1  A similar thermoplastic yarn was also experimented with, but PET yarn shrank 
more (40–60%, as compared to 40% for the thermoplastic hybrid polyester yarn; Hörteborn 
et al. 2019). This more pronounced shrinking behaviour created clearer changes in terms of 
texture, and so the PET yarn was chosen for further experimentation.

Table 2: An overview of the materials used in 
the experiments, what they react to, and the 
changes occurring in them.
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in response to dyes and dirt. Cellulose, protein, and synthetic fibres were chosen due 

to how they respond to different types of dye. 

Other criteria for the static yarns included their ability to support the enactment of 

changes in the textiles. For example, the stiffness of the paper yarn supported textu-

res and form, the stiffness of stainless steel supported form and provided the ability 

to change the opacity of fabrics. The colour, softness and thickness of cotton (yarn) 

made it possible to ‘hide’ layers of coloured fabric inside a weave (between layers of 

the weave). Some of the experiments focused specifically on the ability of these mate-

rials to change colour by exploring relatively gradual changes in colours or patterns, 

while other experiments investigated these materials alongside the dynamic yarns 

to achieve both slower changes over longer timespans and more explicit textural and 

structural changes.

Two textile techniques, knitting and weaving, were explored in the experiments. These 

techniques were chosen because they allowed for the possibility of change to be em-

bedded in the structures of textiles through the choice and properties of yarns, textile 

structure, and material placement. The two techniques also opened up for different 

types of changes and applications due to their properties. In woven structures consis-

ting of two or more yarn systems, individual layers can be created and connected by 

binding points, allowing for layers to be separated when the binding weft is dissolved, 

meaning that one fabric can be divided into several. Using a shrinking yarn as a weft or 

a binding weft created texture in the fabric when the yarn shrank. The size and shape 

of a texture can be determined by how the binding points of the shrinking yarn are 

placed and how long the floats of the shrinking yarn are, with more floats and fewer 

binding points allowing more shrinkage. Multiple yarn systems also allow for some 

parts of a fabric to change or be separated, and different bindings can be used in dif-

ferent parts of the pattern.

The use of knitted structures allowed exploration of textile expressions that broke 

completely or partially when their structure changed through e.g. dissolving a yarn 

that holds together a knit structure or dissolving the whole fabric (see e.g. the colour-, 

texture-, structure-, and size-changing single jersey on pp. 72–73 and the colour-, tex-

ture-, structure-, and size-changing two-thread fleece on pp. 76–77). Knitted fabrics 

are often characterised by flexibility, and this gave the created textiles more drape and 

made them suitable for moulding around objects. Woven fabrics, on the other hand, 

are often more stable and less elastic, with the fabric giving more support when for-

med. Due to this stability and relative stiffness they were suited to textiles that explo-

red transitions between non-textured and textured states (see e.g. the woven whole-

garment forms on pp. 236–265 and the wavy-textured fabric on pp. 140–151). 

For the majority of the textiles presented in this chapter and the appended publica-

tions, the changes affected both the tactile properties and visual expression of the tex-

tiles. These changes could occur gradually over long periods of time, be instantaneous 

and explicit, or both. Some changes were solely visual, and these were generally cau-

sed by dyeing or dirt, as in the case of the colour-changing triangle-patterned fabric 

and the circle-patterned fabric, where the colour of the pattern was changed by dif-

ferent treatments (see pp. 100–112 and 118–133). When the texture and structure of 

the textiles changed, as in the case of the collections of the textiles knitted and woven 

using the three dynamic yarns, the effects were both visual and tactile. Changes to the 

tactile qualities of materials were always reflected in the visual expression of the texti-

les. With the exception of some individual steps within several stages of change, as in 

the case of the wavy-textured fabric, all of the changes were irreversible, meaning the 

textiles’ expressions were built up over time.
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Experiment Series I: Initial experiments with 
materials and structures 

The first series of experiments explored the relationship between material proper-

ties and textile structures by creating textiles capable of changing and evolving 

(Publication I). The series consisted of three experiments that explored the role of 

structure, material, and treatment in creating changes in woven textiles, and a fourth 

experiment that involved the development of a collection of knitted fabrics and usage 

in a workshop. Passive and active methods of enacting change were explored to com-

pare how the material, structure, and treatment of textiles influenced changes.

The first two experiments explored passive changes in textiles by exposing woven tex-

tiles containing materials with inherently changeable properties to the weather (see 

pp. 58–65, Samples 1–4). The third experiment compared passive and active methods 

of enacting change in textiles, and involved exposing samples of a fabric containing 

materials with inherently changeable properties to passive stimuli (the weather) and 

active stimuli (various treatments involving water; see pp. 66–69, Samples 5–8). In 

these three experiments, the weather was used to explore the concept of passive chan-

ges that were not ‘steered’; this took the form of unpredictable quantities of rain and 

wind and temperature changes. The samples were hung outdoors for one month, after 

which no further changes were observed to have taken place and so the samples were 

taken down.

For the fourth experiment, a collection of three knitted fabrics that could undergo 

changes in expression ranging from subtle to explicit was developed in order to test 

how such materials could work as design materials. The experiment explored active 

changes in textiles in terms of how designers can form and manipulate fabrics to create 

change for different purposes. A workshop with fashion design students was held, and 

they worked with the materials. The active stimuli used in the third and the fourth 

experiments included exposing all or specific parts of the fabrics to water by e.g. spray-

ing, painting, steaming, or machine washing them. These methods of enacting change 

were chosen because they ensured a greater degree of predictability in terms of how 

and when the textiles changed. In addition, the students participating in the workshop 

developed their own methods of treating the fabrics in relation to the aims of their 

own work. 
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Experiment Series Ia: Initial structural experiments

The first and second experiments explored the effect of material and textile structure 

on changes in textiles. Two materials that change under everyday conditions – uncoa-

ted copper wire, which gains a patina when it comes into in contact with air, and PVA 

yarn, which melts and dissolves when it comes into contact with water of over 20°C 

– were chosen for the experiments. These materials were chosen due to their ability 

to change visually and tangibly in response to the conditions outdoors, and were com-

bined with cotton warp in four samples (Samples 1–4). Two of these samples were 

created using the same materials but different bindings, while the other two samples 

had the same binding but differing weft materials.

For the first experiment, Jacquard-woven samples with the same materials but dif-

ferent structures were prepared (Figs. 1–2; Publication I). In both samples, the weft 

contained uncoated copper wire and the warp contained cotton. Sample 1 was woven 

as a rep weave with short floats (over two threads) and Sample 2 was woven in weft-

dominated eight-shaft satin. These samples were then hung outdoors in a place that 

was exposed to rain, wind, and the sun for one month in order to compare the changes 

that occurred. 

The colour of both fabrics changed gradually over time as the uncoated copper reacted 

with the air. The texture of Sample 1 (rep weave) did not change in response to the 

outdoor conditions, likely due to the compact construction of the weave, which did 

not include any longer floats (Fig. 2). Sample 2 (satin) had a looser structure due to 

its longer floats, and the wind and rain moved the threads, creating a wavy texture 

(Figs. 1–2).

Fig. 1: A sample in weft-dominated eight-shaft 
satin, after one month outdoors (Publication I). 
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Fig. 2: Initial structural experiments, Sample 1 
(above). Uncoated copper rep weave before (left) 
and after (right) one month outdoors. Sample 2 
(below). Uncoated copper eight-shaft satin be-
fore (left) and after (right) one month outdoors 
(Publication I).
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Sample 1 (A)

Material: Uncoated                  

copper wire 0.15 cm (weft), 

cotton Nm 50/2 (warp)                                                                            

Reacted to: Air – 

changes in colour                                                        

Binding: Rep weave                                                            

Density warp: 8 threads/cm                                                            

Density weft: Approximately 15 

picks/cm

Sample 2 (B)

Material: Uncoated                  

copper wire 0.15 cm (weft), 

cotton Nm 50/2 (warp)                                                                            

Reacted to: Air – changes in co-

lour; wind – changes in texture                                                                 

Binding: Weft-dominated 

eight-shaft satin                                                           

Density warp: 8 threads/cm                                                            

Density weft: Approximately 15 

picks/cm

The scale of all the bindings 

(see example on the right) is the 

same, and the full-page images 

of the fabrics (see example on 

p. 59) are as close to the actual 

scale of the fabric as possible. 
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Experiment Series Ib: Initial material experiments 

The second experiment explored the effect of materials on changes in textiles. Two 

Jacquard-woven samples were created using the same structure but different materi-

als (Fig. 3–4; Publication I). Both samples were woven in weft-dominated eight-shaft 

satin. Sample 3 had PVA yarn in the weft and cotton in the warp, and Sample 4 had 

PVA yarn and uncoated copper wire in the weft and cotton in the warp. These samples 

were hung outdoors in a place exposed to rain, wind, and the sun for one month in 

order to compare the changes that occurred.

The structure of Sample 3, which consisted of PVA in the weft direction, was shrunk 

and completely dissolved by repeatedly getting wet and then drying outdoors, while 

Sample 4 – which had an identical structure to Sample 3 but PVA and uncoated copper 

wire as the weft materials – shrank and changed its visual expression and tactile pro-

perties as a result of exposure to the weather (Figs. 3–4). The soft and even surface of 

the sample became dry and papery, with loops of uncoated copper dotting the surface. 

Fig. 3: A sample in PVA, uncoated copper and 
cotton after one month outdoors (Publication I).
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Fig. 4: Initial material experiments, Sample 3 
(above). PVA/cotton before (left) and after (right) 
one month outdoors. Sample 4 (below). the left: 
PVA/uncoated copper/cotton before (left) and 
after (right) one month outdoors (Publication I).
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Sample 3 (C)

Material: PVA yarn (dissolving 

temperature 20°C) Ne 20/1 

(weft), cotton Nm 50/2 (warp)                                                                            

Reacted to: Water – changes 

in texture, structure, and size                                                                  

Binding: Weft-dominated 

eight-shaft satin                                                           

Density warp: 8 threads/cm                                                            

Density weft: Approximately 15 

picks/cm

Sample 4 (D)

Material: PVA yarn (dissolving 

temperature 20°C) Ne 20/1 

(weft), cotton Nm 50/2 (warp)                                                                            

Reacted to: Water – changes 

in texture, structure, and size                                                                  

Binding: Weft-dominated 

eight-shaft satin                                                           

Density warp: 8 threads/cm                                                            

Density weft: Approximately 15 

picks/cm

E:\Weave ex-jobb 2014\bindings\8shaft satin weftdom 8x8.JQW   Mon. 28th Mar. 2022 17:43
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Experiment Series Ic: Initial treatment experiments  

In the third experiment, the effects of different treatments were compared using a 

Jacquard-woven fabric with three interwoven layers. The layers were connected by 

binding points between the layers, and the middle layer was hidden between the top 

and bottom layers. The top layer included water-reactive, dissolving, and melting PVA, 

the middle layer contained stainless steel in order to create a visual and tactile contrast 

in the surface, and the bottom layer used linen to provide stability to the fabric, and all 

three were interwoven on a cotton warp. Three samples of the fabric were each treated 

once: Sample 6 was sprayed with water, Sample 7 was hung outdoors for one month 

in a place exposed to rain, wind, and the sun, and Sample 8 was machine washed at 

40°C (Figs. 5–6; Publication I).

The different treatments changed the surface expressions of the samples in different 

ways (Figs. 5–6). Spraying Sample 6 with water created local changes where the stain-

less steel was exposed (Fig 6). One month of getting wet and then drying outdoors 

changed the visual expression and tactile qualities of the fabric of Sample 7, in that 

the stainless steel and black warp threads were exposed in places and the PVA yarn 

became hard and translucent, adding a partial coating to the surface (Figs. 5–6). The 

machine washing of Sample 8 caused the PVA yarn to completely dissolve, leaving the 

black warp threads loose and exposing the hidden middle layer of stainless steel (Fig. 

6).

Fig. 5: A sample with three interconnected 
layers in PVA, stainless steel and linen after one  
month outdoors (Publication I).
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Samples 5-8 (E-H)

Material: PVA yarn (dissolving 

temperature 20°C) Ne 20/1 

(weft), stainless steel wire 

0.10 cm (weft), linen Ne 16/1 

(weft), cotton Nm 50/2 (warp)                                                                             

Reacted to: Water – changes in 

colour, texture, and structure                                                                       

Binding: Three-layered fabric 

in crepe connected by binding 

points between the layers                                                                

Density warp: 33 threads/cm                                                            

Density weft: N/A

E:\Weave ex-jobb 2014\bindings\2014-02-18\crepe 3lag binding.JQW   Mon. 28th Mar. 2022 17:07
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Fig. 6: Initial treatment experiments, Samples 
5–8. From left to right: no treatment (Sample 5), 
sprayed with water (Sample 6), after one month 
outdoors (Sample 7), and machine washed at 
40°C(Sample 8; Publication I).
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Fig. 7: The three fabrics used in the workshop, 
each with embedded changeable properties that 
ranged from subtle to explicit in expression.

Experiment Series Id: Change as an embedded design material 

The fourth experiment explored how other designers worked with changes embedded 

in textiles. A collection of three knitted fabrics with changes in expression ranging 

from subtle to explicit was developed, and produced in a large quantity using knitting, 

on the basis that knitted jersey fabrics are elastic, light, and well suited for use in fa-

shion. All of the fabrics changed in response to water. The collection included a single 

jersey in PVA yarn which broke and melted, a two-thread fleece in PVA and stainless 

steel wire which changed texture, and a slipstitch pattern in wool, PVA, and stainless 

steel that increased in length (Figs. 7–8, 10, 18; Publications I and II).

The fabrics were used in a one-week workshop at the Swedish School of Textiles with 

second-year Fashion Design Bachelor’s students. The workshop was carried out in col-

laboration with Worbin and Tomico. During the workshop the students were tasked 

with redesigning a garment that they had previously made using the changeable ma-

terials. At the beginning of the week they were encouraged to freely explore the pro-

perties of all the materials and, based on their discoveries, choose which material they 

wanted to work with further.

During the workshop the students developed a range of methods for working with 

the materials, including steaming, fusing, sculpting, painting, spraying with water and 

wine (the latter to also add colour), and sewing with PVA thread (Figs. 9, 11–12, 19–

20). Some students reported that the materials changed their ways of working during 

the process. They used the fabrics’ dissolving, stiffening, and shrinking behaviour and 

formability and changes in transparency to create a variety of forms and surfaces for 

their garments.
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The dissolving single jersey fabric (I) 

This material was a circular knitted single jersey fabric in PVA yarn that broke and 

melted entirely when it came into contact with water of over 20°C (Fig. 8; Publications 

I and II). The material shrank and melted when exposed to water, and ultimately dis-

solved. When the material dried it changed from soft to hard and opaque to translu-

cent, thus losing its textile properties. Steaming shrank the fabric, without making 

it hard and translucent. The fabric was possible to form and shrink around objects, 

and kept its form after it had dried. The changes that occurred in the material were 

instantaneous and irreversible, and it was possible to retain these provided no more 

water was applied.

Fig. 8: The dissolving single jersey fabric – a 
fabric that can break and melt entirely; capable 
of changing from soft to hard (Publication I).

Material:                                      

PVA yarn (dissolving tem-

perature 20°C) Ne 20/1                                                        

Reacted to:  Water – changes 

in colour, texture, structure, 

and size, and became formable                                                                     

Structure: Single jersey                                                                 

Gauge: 18                                                            



  7574  

EXPERIMENTS

Fig. 9: Miriam Julin, Camilla Arnbert, and Tove 
Ullsåker’s experiments using the dissolving 
single jersey fabric. 

The fabric was used in a workshop with second-year Fashion Design Bachelor’s stu-

dents, who explored its properties by e.g. creating texture and form by shrinking the 

fabric by ‘painting’ it with water, simultaneously creating form and adding colour, and 

fusing together layers of the material by melting them with red wine (Fig. 9). 
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The texture-changing two-thread fleece fabric (J) 

This material was a circular-knitted two-thread fleece fabric in PVA yarn with stainless-

steel wire bindings on the reverse side on every third needle (Figs. 10; Publications I 

and II). The fabric combined PVA as a base material with stainless steel wire floating 

on the reverse side of the fabric, resulting in a knitted fabric that could partially dis-

solve and was supported by the steel wire, even after the PVA yarn had melted. The 

combination of materials also resulted in changes in the tactile properties and opacity 

of the fabric when the PVA had lost its softness and opacity and the fabric had become 

hard and translucent. The steel wire and melted PVA supported the fabric when it was 

formed using water or steam.

The fabric’s visual and tactile expression changed when it came into contact with wa-

ter of over 20°C (Fig. 10). The material was reactive to water, shrinking and melting 

to create openings in the fabric. ’When it dried, the soft, white, and opaque fabric had 

become hard, brittle, and translucent. It was possible to create different surface ex-

pressions depending on how water was applied: spraying water, for example, created 

horizontal openings in the fabric, while ‘painting’ with water created an even surface. 

It was possible to form and shrink the fabric around an object, and it kept its form once 

it had dried. The changes that occurred in the material were instantaneous and irre-

versible, and it was possible to retain these, or even the original expression, provided 

no more water was applied.

Fig. 10: The texture-changing two-thread fleece 
fabric – a fabric that changes its visual and 
tactile expression (Publication I). 

Material:                                      

PVA yarn (dissolving tem-

perature 20°C) Ne 20/1, 

stainless steel wire 0.10 cm                                                        

Reacted to:  Water – changes 

in colour, texture, structure, 

and size, and became formable                                                                     

Structure: Two-thread fleece                                                                 

Gauge: 12                                                            
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Fig. 11: Student experiments using the texture-
changing two-thread fleece fabric. Emilia 
Elfvik’s layering experiment (far right).

The fabric was used in a workshop with second-year Fashion Design Bachelor’s stu-

dents, who explored its properties by e.g. creating patterns by dripping water, creating 

a layered effect by making openings in the material, and creating volume, form, and 

texture by ‘painting’ with water (Figs. 11–12). 

This material was used to create a prototype of a sleeveless top combining a rigid, 

brittle surface and a soft, textile hem (Fig. 13). The sleeveless top and dress with a 

three-dimensional surface are examples of the different expressions and surfaces that 

could be achieved by treating the fabric (Fig. 13). 
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Fig. 12: Volume, form, and texture created 
through shrinkage. A dress by Sofie Larsson
(Publication I).
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Fig. 13: Two ways of forming the texture-
changing two-thread fleece fabric: a dress with 
three-dimensional texture by Sofie Larsson 
(left) and a sleeveless top with flat rigid surface 
by the author (right).
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Two form experiments with the texture-changing two-thread fleece 
fabric 

Two form experiments were conducted using the two-thread fleece fabric and a T-shirt 

mould (Figs. 15–17). These were made in collaboration with Peterson. Water was used 

to make the seams of the forms instead of stitching because the PVA sticks to itself 

when it melts (Fig. 14).

For the first form experiment the fabric was placed around the T-shirt mould verti-

cally; it shrank mostly in terms of length, and did not interact with the mould (Fig. 

16). During the second form experiment the fabric was placed on the same mould 

horizontally, and shrank to fit the mould (Fig. 17). This experiment showed that the 

placement of the fabric influenced the outcome, as the structure of the fabric influen-

ced how the dynamic material reacted in one direction and was restricted in another.

Fig. 14: The seams of the forms involved no 
stitching, and were glued together when the 
PVA melted.

Fig. 15: The full-size t-shirt mould used in the 
form experiments. Photo: Amanda Johansson. 
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Fig. 16: Form experiment using the texture-
changing two-thread fleece fabric – vertical 
placement of the fabric, shaped on the t-shirt 
mould.

Fig. 17: Form experiment using the texture-
changing two-thread fleece fabric – horizontal 
placement of the fabric, shaped on the t-shirt 
mould.
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The expanding slipstitch pattern fabric (K)

This material was a flat-knitted slipstitch patterned fabric in wool, PVA, and stain-

less steel, the texture of which changed in response to exposure to water (Fig. 18; 

Publications I and II). The slipstitch pattern was used to create a knitted fabric with a 

structure that was possible to change without breaking the loop structure. Wool was 

chosen as the base material to give volume to the roll pattern, and PVA was used as a 

binding yarn to knit the ridges together, making it possible to expand the fabric by dis-

solving the binding yarn. Stainless steel wire was added inside the ridges, which were 

knitted together using wool at irregular intervals to ensure that there was a difference 

between the texture of the fabric before and after expansion.

The material stretched lengthways fully (to almost double its original length) or in 

specific places in response to water, and its texture changed from thick, opaque, regu-

lar pleats to a thinner, organic, wavy pattern. Form was created by stretching the ma-

terial in specific places. The changes that occurred in the material were instantaneous 

and irreversible, and it was possible to retain these, or even the original expression, 

provided no more water was applied.

Fig. 18: the expanding slipstitch pattern fabric 
– a fabric that can be stretched lengthways 
(Publication I).

Material: PVA yarn (dis-

solving temperature 20°C) 

Ne 20/1, wool Ne 28/2, 

stainless steel wire 0.10 cm                                                          

Reacted to:  Water – chan-

ges in texture, structure, and 

size, and became formable                                                     

Structure: Slipstitch pattern                                                                  

Gauge: 12                                                            
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Fig. 19: Lisa Viola Zetterberg’s experiments 
using the expanding slipstitch pattern fabric. 

The fabric was used in a workshop with second-year Fashion Design Bachelor’s stu-

dents, who explored its properties in form experiments by e.g. stretching part of a 

pattern piece or a specific part of the fabric and leaving the rest untreated (Fig. 19). 

One student created volume and form in a poncho by stretching parts of the fabric in 

pattern pieces and sewing the pieces together, in contrast to the traditional method, in 

which volume is created in the pattern before the fabric is cut (Fig. 20). 



  9392  

EXPERIMENTS

Fig. 20: VVolume and form through stretching 
certain parts of the fabric. A poncho by Lui 
Iarocheski (Publication I).
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Experiment Series II: Embedding multiple 
changes in colour in one textile 

The second series of experiments explored how different changes in the visual expres-

sions of textiles could be achieved depending on what the textiles were exposed to. 

This was explored by weaving white-on-white Jacquard patterns consisting of several 

materials, and subjecting these to a range of different treatments (see Table 3 for an 

overview of the experiments; Publication IV). The project investigated whether seve-

ral colour changes could be created in one pattern by exposing the textiles to different 

conditions. 

Jacquard patterns in double-faced weaves were used to explore patterns where each 

pattern element consisted of one material, in order to enhance the colour changes that 

occurred in the materials and the pattern. Basic geometrical elements in the form of 

triangles and circles were used to highlight changes in colour over changes in pattern. 

Weft-dominated satin was chosen as the surface binding to create an even surface with 

good coverage, such that only one material was visible in each part of the pattern. 

Hopsack binding in a double-faced weave was also experimented with in a Jacquard 

pattern to explore which colours and colour effects would be created by different tex-

tures and using materials that react to different pigments. Two Jacquard-woven pat-

terns consisting of several materials were subjected to a range of treatments, including 

decomposition, and used as prototypes to see how the patterns changed (Figs. 21–22, 

33, 51). The fabrics had an all-white pattern consisting of one protein fibre (wool), 

one or two cellulose fibres (paper and linen), and one synthetic fibre (polyester); each 

material formed one part of the pattern (Figs. 23–24, 38–39).

In the first part of the experiments, changes in the colours of the patterns were achie-

ved through decomposition (Experiments A1–K3; see Table 3). One set of samples was 

buried underground for two months, while a similar set of samples was submerged in 

the Baltic Sea for two months (Fig. 21). This period of time was chosen to allow suf-

ficient time to ensure that changes would occur, without risking the samples decaying 

completely. Samples of the triangle-patterned fabric were also placed in water with 

iron powder to dye the fabric with rust (Fig. 29). After two months underground and 

in water, the samples had acquired colour schemes which varied depending on the 

materials, their placement in the pattern, and the placement of the textile. The buried 

samples had generally stronger, muted browns and greens, while the samples placed 

in the Baltic Sea had slightly lighter greens, yellows, and browns (Figs. 25–28, 40–47).
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The second part of the experiments explored changes in patterns that occurred th-

rough usage (Experiments J4–K14; see Table 3). In order to explore the types of chan-

ges that might occur in the materials during usage, a set of eight prototypes was made. 

These included a bag, an apron, a seat cushion for a chair to be used in a foyer, a seat 

cushion for a chair to be used in a conference room, and pocket details for lab coats for 

use in a textile-printing lab (Figs. 22, 34–36, and 52–53). The prototypes were then 

used in the environment that they would typically be used in for two months, the same 

length of time as the fabric samples that were buried and immersed in the Baltic Sea. 

The two Jacquard-patterned fabrics were also washed with black, blue, and yellow 

laundry (Figs. 30–32, 48–50). After two months of use, all of the prototypes showed 

some signs of change: the bag, for example, had acquired a pattern of dirt that enhan-

ced the edges of the woven pattern (Fig. 34–35), while the machine-washed samples 

had acquired three distinct colour schemes (Figs. 30–32, 48–50).

Table 3: An overview of the materials and 
treatments used in the experiments presented 
in this thesis (Paper IV).
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Fig. 21: Dyeing patterns through degradation. 
The samples are shown before (top left) and 
after (top right) being submerged in the Baltic 
Sea for two months, and before (bottom left) 
and after (bottom right) being buried for two 
months.  

Fig. 22: Adding colour and pattern through use. 
Lab coats with added pocket details before 
being used in a textile printing lab (above), and 
upholstery on the two chairs after two months 
of use.
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The colour-changing triangle-patterned fabric (L)

This material was a double-faced Jacquard-woven patterned fabric in weft-dominated 

satin consisting of wool, paper, polyester, uncoated copper, and cotton. All of the ma-

terials were white in their initial state (Fig. 23; Publication IV). The cellulose, protein, 

and synthetic materials in the fabric each aged and dyed differently, meaning that va-

rious colour combinations were created depending on what the fabric was subjected 

to. As with traditional dyeing methods, the materials responded differently to different 

dyestuffs, and subtler changes took place in terms of colour and pattern due to the ac-

cumulation of dirt.

Different parts of the pattern changed in different ways when subjected to various 

treatments. For example, the wool of the samples that were buried and submerged 

in the Baltic Sea for two months turned green, and that of the sample that was sub-

merged in water containing iron powder for two days turned orange (Experiments J2 

and K3 in Table 3; Figs. 25–29). This was likely due to either the pH of the environ-

ments or the minerals and other substances present in these environments. The paper 

yarn of the buried sample was dyed brown but that of the submerged sample was not 

(Experiments J1 and J2 in Table 3; Figs. 25-28). The paper was dyed blue when was-

hed with black laundry, but the wool was not (Experiment K14 in Table 3; Fig. 30). In 

total, nine different colour schemes were achieved (Fig. 33). The changes that occur-

red in the material were gradual and irreversible, but the material was possible to dye 

instantaneously with more traditional methods and again later if required. Similarly, 

the colours that were dyed as a result of contact with the natural world may have kept 

changing.

Fig. 23: The colour-changing triangle-patterned 
fabric: non-treated (Publication IV).
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Fig. 24: Jacquard-pattern for the colour-chang-
ing triangle-patterned fabric.

Material: Paper yarn Ne N/A 

(weft), wool Ne/Nm 36/2 

(weft), polyester Ne N/A 

(weft), cotton Nm 50/2 (warp)                                                                             

Reacted to: Dyestuff, e.g. 

reactive, acid and disper-

sion dyes – changes in colour                                                                     

Binding: Double-faced 

Jacquard pattern in weft-

dominated eight-shaft satin                                                                 

Density warp: 33 threads/cm                                                            

Density weft: N/A
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Fig. 25: The colour-changing triangle-patterned 
fabric: buried for two months, unwashed 
(Publication IV)

Fig. 26: The colour-changing triangle-patter-
ned fabric: buried for two months, washed 
(Publication IV)
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Fig. 28: The colour-changing triangle-patterned 
fabric: submerged in the Baltic Sea for two 
months, washed (Publication IV).

Fig. 27: The colour-changing triangle-patterned 
fabric: submerged in the Baltic Sea for two 
months, unwashed (Publication IV).



  109108  

Fig. 29: The colour-changing triangle-patterned 
fabric: submerged in water containing iron 
powder for two days.

Fig. 30: The colour-changing triangle-patterned 
fabric: machine washed at 30°C with black 
laundry.
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Fig. 32: The colour-changing triangle-patterned 
fabric: machine washed at 40°C with yellow 
laundry.

Fig. 31: The colour-changing triangle-patterned 
fabric: machine washed at 40°C with blue 
laundry.
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Fig. 33: The colour-changing triangle-patterned fabric’s nine colour 
schemes: (a) non-treated, (b) after two months underwater, (c) after 
two months underground, (d) after two days in water with oxidised iron 
powder, (e) after two months in use as a bag, having been washed with 
(f) yellow, (g) blue, and (h) black laundry, and (i) after two months in use 
as a seat cover (Publication IV).
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Fig. 34: Bag sewn using the colour-changing 
triangle-patterned fabric, after two months of 
everyday use (Publication IV).

Three colour-changing triangle-patterned fabric prototypes

Three prototypes – a bag, a seat cover, and a pocket detail for a lab coat (Experiments 

J4, J6–J9, and K7 in Table 3; Figs. 22, and 34–37) – were made using the triangle-

patterned fabric and used normally for two months. The bag was used in both indoor 

and outdoor environments and regularly handled, rubbing against clothing and being 

put on the floor, for example. It gained a subtle pattern of dirt as result of its usage 

(Figs. 34–35). The chair was placed in a public foyer at The Swedish School of Textiles, 

where it was used by many people for (generally) short periods of time. The seat cushi-

on of the chair acquired coffee stains that dyed parts of the pattern (Figs. 36–37). The 

lab coats were placed in a printing lab, and the pockets shrunk as a result of washing 

at 60°C, subtly changing the silhouette of the coat.

Fig. 35: Traces of use on the bag after two 
months of everyday use.
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Fig. 36: Foyer chair upholstered using the 
colour-changing triangle-patterned fabric, after 
two months of use (Publication IV).

Fig. 37: Coffee stains on the seat cushion of the 
foyer chair, after two months of use.
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The colour-changing circle-patterned fabric (M)

This material was a double-faced Jacquard-woven patterned fabric in hopsack (Figs. 

38–39; Publication IV) consisting of wool, paper, linen, polyester, and cotton. All of 

the materials were white in their initial state (Fig. 38, Publication IV). The cellulose, 

protein, and synthetic materials in the fabric each aged and dyed differently, meaning 

that various colour combinations were created depending on what the fabric was sub-

jected to. As with traditional dyeing methods, the materials responded differently to 

different dyestuffs, and subtler changes took place in terms of colour and pattern due 

to the accumulation of dirt.

The pattern was woven in four white-on-white material combinations to ascertain 

which combination of materials brought out the pattern most clearly and which hid it 

when subjected to various treatments. The fabric also had a textured surface of hop-

sack, combining two materials to explore whether the surface texture could be en-

hanced by different materials and the changes they undergo. The degree of contrast 

between the pattern parts depended on the combinations and treatment of the materi-

als. The paper turned brown after it had been buried for two months, contrasting with 

the parts woven in linen, which were not dyed as strongly (Experiment I1 in Table 3; 

Figs. 40–41). Paper was not clearly dyed as a result of being submerged in the Baltic 

Sea for two months, but in these samples wool was dyed strongly, creating a  contrast 

with the paper, which remained quite light in colour (Experiment I2 in Table 3; Figs. 

46–47). The changes that occurred in the material were gradual and irreversible, but 

the material was possible to dye instantaneously with more traditional methods and 

again later. Similarly, the colours that were dyed as a result of contact with the natural 

world may have kept changing.

Fig. 38: The colour-changing circle-patterned 
fabric, Variation 3 (paper/linen), non-treated 
(Publication IV).
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Fig. 39: Jacquard-pattern for the colour-chang-
ing circle-patterned fabric

Material: Paper yarn Ne N/A 

(weft), wool Ne 36/2 (weft), 

polyester Ne N/A, linen Ne N/A 

(weft), cotton Nm 50/2 (warp)                                                                           

Reacted to: Dyestuff, e.g. 

reactive, acid, and disper-

sion dyes – changes in colour                                                                     

Binding: Double-faced 

Jacquard pattern in hop-

sack and plain weave                                                                 

Density warp: 33 threads/cm                                                            

Density weft: N/A

The four material                     
variations of the pattern                        
(base/circles):                                             

Variation 1: polyester/wool                           

Variation 2: polyester/paper                          

Variation 3: paper/linen                                                      

Variation 4: wool/paper
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Fig. 41: The colour-changing circle-patterned 
fabric, Variation 3 (paper/linen), buried for two 
months, washed.

Fig. 40: The colour-changing circle-patterned 
fabric, Variation 3 (paper/linen), buried for two 
months, unwashed.
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Fig. 42: The colour-changing circle-patterned 
fabric, Variation 3 (paper/linen), submerged in 
the Baltic Sea for two months, unwashed.

Fig. 43: The colour-changing circle-patterned 
fabric, Variation 3 (paper/linen), submerged in 
the Baltic Sea for two months, washed.
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Fig. 45: The colour-changing circle-patterned 
fabric, Variation 4 (wool/paper),  buried for two 
months, washed.

Fig. 44: The colour-changing circle-patterned 
fabric, Variation 4 (wool/paper), buried for two 
months, unwashed.
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Fig. 46: The colour-changing circle-patterned 
fabric, Variation 4 (wool/paper), submerged 
in the Baltic Sea for two months, unwashed 
(Publication IV).

Fig. 47: The colour-changing circle-patterned 
fabric, Variation 4 (wool/paper), submerged 
in the Baltic Sea for two months, washed 
(Publication IV)
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Fig. 48: The colour-changing circle-patterned 
fabric, Variations 1–4, machine washed at 30°C 
with black laundry (Publication IV).

Fig. 49: The colour-changing circle-patterned 
fabric, Variations 1 and 2, machine washed at 
30°C with blue laundry.
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Fig. 51: The colour-changing 
circle-patterned fabric’s colour 
schemes in two material variations 
(base material/circle): Variation 3 
(paper/linen; below) and Variation 
4 (wool/paper; above). Samples: (a) 
non-treated, (b) after two months 
underground, (c) after two months 
underwater, having been washed 
with (d) black, (e) blue, and (f) 
yellow laundry, and (g) after two 
months in use as a seat cushion of 
a conference chair.

Fig. 50: The colour-changing circle-patterned 
fabric, Variations 3 and 4, machine washed at 
30°C with yellow laundry.
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Fig. 52: Conference chair upholstered using the 
colour-changing circle-patterned fabric, after 
two months of use.

Fig. 53: Dirt marks on the seat cushion of the 
conference chair, after two months of use.

A colour-changing circle-patterned fabric prototype

A prototype seat cover for a conference chair was made using the circle-patterned fa-

bric. This was used in a small conference room for six people for two months, during 

which dirt accumulated on the fabric, enhancing its texture (Experiment H6 in Table 

3; Figs. 52–53).
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Experiment Series III: Embedding multiple 
changes in texture and structure in one textile 

The third series of experiments was conducted to explore the idea of embedding seve-

ral changes in texture and structure in one textile. The three dynamic yarns were used 

to develop a collection of five woven materials, each of which underwent different 

series of transformations (Publication VI).

Two- and three-layered woven structures with a binding weft in shrinking PVA and 

PET yarns between the layers were used to create flat textiles that became textured, 

decreased in size, and increased in thickness when they changed. Different placements 

of the binding points for the binding weft were explored to achieve different textu-

res as the textiles changed. Dissolving coPA yarns were used in identical two-layered 

structures to explore textiles that could be divided by dissolving the binding weft. 

Shrinking and dissolving PVA yarns were used in two- and three-layered woven struc-

tures to combine these two properties and explore textiles that could change in terms 

of texture and be divided into several non-textured fabrics. Three-layered structures 

were also used to explore the idea of a hidden middle layer in a fabric. The structure 

of this middle layer influenced the texture of the top layer when this was treated, and 

the middle layer, which had a different colour to the top layers, could be revealed by 

dissolving one or both of the binding wefts. These were placed between the top and 

middle and middle and bottom layers; one reacted to heat and the other to water. 

Plain weave and weft-dominated satin were used as bindings for the surface of the fa-

bric in order to create a smooth surface that enhanced the texture of the fabric, which 

was created through shrinkage. Weft-dominated satin with longer weft floats were 

also used to create a texture akin to that of terrycloth fabric as a result of shrinkage. 

Four of the fabrics in the collection were white or very light in colour, ensuring that 

the focus was on the changes in texture. One fabric was yellow with a hidden grey 

middle layer, facilitating exploration of whether changes in colour could be embedded 

through the use of layered structures. Other colour combinations and materials, such 

as linen, were experimented with, but it was found that the yellow cotton yarn was 

best suited to hiding the colour and texture of the middle layer. 

The changes in texture, size, thickness, and number of layers of fabric were actuated 

by heat and water. The fabrics in the collection included a wavy-textured fabric which 

was possible to change in terms of texture and number of layers, a terrycloth fabric 
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which was possible to change in terms of texture and number of layers, a dividable 

three-layer fabric which was possible to change in terms of colour, texture, and num-

ber of layers, a dividable double-weave fabric which was possible to change in terms of 

number of layers, and a striped fabric which was possible to change in terms of texture 

(Figs. 54–63, 71–76, 79–87, 89–93, 94–105). The structure of each fabric was pos-

sible to alter through ironing, steaming, and machine washing. In the fabrics where 

PVA was used only as a binding weft, two 60°C machine washes were sufficient to melt 

all of the PVA such that no traces were left, whereas for the texture-changing striped 

fabric containing larger quantities of PVA, boiling was needed to remove all traces of 

the yarn.

The fabrics were used in two workshops held in Älmhult, Sweden for designers and 

product developers at IKEA of Sweden. The aim of the workshops was to explore how 

designers could approach such materials in their design processes, and to explore how 

these design processes would be different and the applications that these materials 

might open up for as compared to traditional textiles. For this reason, a large quantity 

of each of the fabrics was woven out. Based on the workshops, five preliminary pro-

totypes of everyday textile products were made. These explored how changes in the 

materials could be used during the making of textile products to adjust them during 

their use phase. The project was carried out in collaboration with Worbin.
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The wavy-textured fabric (N)

This material was a Jacquard-woven double weave in weft-dominated satin in paper 

and cotton, with a binding weft in PVA floating on the front side of the fabric (Fig. 

54-55; Publications III and VI). This material was water-reactive, contracting to half 

its original width after being washed at 30/40°C, and then expanding back to almost 

its original width after being washed twice at 60°C. Its texture changed from non-

textured to thick and organised waves to a thinner, organic wave pattern in response 

to different treatments, including exposure to water. The fabric could be divided into 

two layers and shrunk in specific places to create form, or be placed around a mould 

and shrunk. Change could be enacted by steaming, spraying with water, or machine 

washing. In addition, the dense, wavy lines created when the fabric had shrunk could 

be manipulated by hand to break the melted PVA yarn and further expand the fabric in 

places, creating even more variation in terms of texture.

When it had not been treated, the fabric was non-textured and smooth (Fig. 54). Water 

and steam caused the PVA to shrink, making the fabric thicker and wavier in texture 

(Fig. 56–60, 63). It was possible to move between some of the textured stages, de-

pending on the stimulus applied to the fabric (Fig. 55). When the PVA had dissolved 

entirely, the fabric separated into two individual fabrics (Fig. 61–61, 63). The changes 

that occurred in the material were instantaneous and irreversible, and it was possible 

to retain these, or even the original expression, provided no more water was applied.

Fig. 54: The wavy-textured fabric, Non-textured 
Fabric (non-treated).
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Fig. 55: The different stages of transformation 
of the wavy-textured fabric 
(Publication VI).

Material: PVA yarn (dissolving 

temperature 40°C) Ne 50/2 

(weft), paper yarn Ne 50/1 

(weft), cotton Nm 50/2 (warp)                                                                             

Reacted to: Water – chan-

ges in texture, structure, 

size, and number of lay-

ers, and became formable                                                                      

Binding: Two-layered fabric in 

weft-dominated ten-shaft satin 

connected by a binding weft 

on the front side of the fabric                                                                 

Density warp: 33 threads/cm                                                            

Density weft: 65 picks/cm
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Fig. 57: The wavy-textured fabric, Texture 2 
(steamed and ironed).

Fig. 56: The wavy-textured fabric, Texture 1 
(steamed).
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Fig. 59: The wavy-textured fabric, Texture 4 
(machine washed at 30°C, steamed, and mani-
pulated by hand).

Fig. 58: The wavy-textured fabric, Texture 3 
(steamed and machine washed at 30°C).
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Fig. 60: The wavy-textured fabric: texture 5. 
Treatment of this sample:  machine washed at 
60°C.

Fig. 61: The wavy-textured fabric, Two textured 
fabrics (machine washed twice at 60°C). 
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Fig. 62: The wavy-textured fabric, Two non-
textured fabrics (machine washed twice at 60°C 
and ironed).

Fig. 63: The different stages of transformation 
of the wavy-textured fabric. 
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Two form experiments using the wavy-textured fabric

Three fabrics were used in a series of five experiments that explored formable proper-

ties in conjunction with moulds for the simultaneous creation of surface and form in 

garment-making (Publication III). The experiments were conducted using the wavy-

textured fabric (N) (pp. 140–151), the terrycloth fabric (O) (pp. 164–171), and the 

uneven-textured fabric (S) (pp. 214–222). The project was carried out in collabora-

tion with Peterson.

Two form experiments were conducted using a full-size T-shirt mould and the wavy-

textured fabric, and resulted in one shirt and one dress (Figs. 64-68). The degree of 

shrinking of the fabric was tested before it was sewn into a raw bag-shaped form to be 

placed on the mould in order for the fabric to fit the contours of the mould after it had 

shrunk. As the fabric shrunk in width due to the use of water-reactive PVA as a weft 

yarn, the fabric was placed on the mould horizontally to ensure it would follow the 

contours of the mould as closely as possible. 

Fig. 64: A shirt i the wavy-textured fabric, 
shaped on the t-shirt mould. Photo: Amanda 
Johansson. 
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Fig. 65: Collar detail of a form experiment with 
a shirt – the wavy-textured fabric, shaped on 
the t-shirt mould.

Fig. 66: Form experiment with a dress – the 
wavy-textured fabric, shaped on the t-shirt 
mould. Photo: Amanda Johansson. 
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Fig. 67: The wavy-textured fabric, shaped on the 
t-shirt mould (video still). Photo:Erin Lewis.
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Fig. 68: The wavy-textured fabric, shaped on the 
t-shirt mould (video still). Photo:Erin Lewis.
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Home textile prototypes created using the wavy-textured fabric

In order to further explore possible applications for the five woven fabrics, a series of 

prototypes of everyday home textiles were made (pp. 160–163, 187, and 210–211; 

Publication VI) to explore adjusting the expression, properties, and form of everyday 

textiles for different purposes. These included adjusting a textile’s size to fit different 

purposes or environments, customising textiles by adding pockets, or fitting textiles 

to products such as lamps by using the properties of fabrics such as shrinkage, chan-

ges in texture, and division of layers. The pattern shop at IKEA of Sweden in Älmhult 

made the prototypes, with the exception of the lampshade in the wavy-textured fabric, 

which was made by the author.

The wavy-textured fabric’s properties of shrinking and becoming textured were used 

to fit a lampshade on a frame by shrinking a simple pre-sewn cylinder shape around a 

metal frame by spraying it with water (Fig. 69). A series of four pillows explored the 

idea of adjusting a textile product’s size during its use phase. Here, four identical tex-

tile covers containing the same amount of filling were sewn using the wavy-textured 

fabric. One was left untreated, one was steamed, one was machine washed at 30°C, 

and one was machine-washed twice at 60°C, resulting in four pillows with different 

sizes and textures (Fig. 69). A set of curtains explored the idea of adjusting textile 

products during their use phase, as their size and shape could be changed using water 

(Fig. 70); these changes could be undone by washing the curtains at 60°C.

Fig. 69: The process of fitting the wavy-textured fabric around a lamp shade (above). Four prototypes 
of pillows (below) in the wavy-textured fabric that can be adjusted in increments through steaming or 
washing: non-treated (bottom), steamed (third from the top), machine washed twice at 60°C (second 
from the top), and machine washed at 30°C (top; Publication VI).
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Fig. 70: Prototype of a curtain in the wavy-tex-
tured fabric before (left) and after (right) it was 
sprayed with water (Publication VI).
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The terrycloth fabric (O)

This material was a Jacquard-woven double weave in weft-dominated satin in paper 

and cotton with a binding weft in PVA yarn between the layers (Fig. 71-72; Publications 

III, V, and VI). This material was water-reactive, contracting to half its original width 

after being washed at 30/40°C, and then expanding back to almost its original width 

after being washed once at 60°C. Its texture changed from non-textured to a thick ter-

rycloth surface to two non-textured fabrics (Figs. 71–76). The fabric was possible to 

divide into two layers. Shrinking the fabric in specific places could be used to create 

form and the fabric could also be shrunk around a form. 

Before being treated, the fabric was non-textured and smooth (Fig. 71). Water and 

steam shrank the PVA, making the fabric thicker and rougher in texture (Figs. 73–74). 

When the PVA had completely dissolved, the fabric separated into two parts (Fig. 75). 

The changes that occurred in the material were instantaneous and irreversible, and it 

was possible to retain these, or even the original expression, provided no more water 

was applied.

The terrycloth fabric had the same materials and basic structure as the wavy-textured 

fabric. However, the amount of binding weft and the placement of the binding points 

differed: the binding weft in the terrycloth fabric was between the two layers, the fa-

bric had more binding wefts, and the binding points were irregular, creating an even, 

fuzzy surface texture and more shrinkage than occurred with the wavy-textured fa-

bric. The wavy-textured fabric had fewer binding wefts and the binding points ran 

in straight lines, creating a regular texture of ridges after shrinking had taken place. 

Moreover, the binding weft in the wavy-textured fabric ran on the front side of the 

fabric, creating an even, wavy texture by pulling the reverse side of the fabric together 

after shrinking had taken place. These differences resulted in different textures and 

behaviours.

Fig. 71: The terrycloth fabric, Non-textured 
fabric (non-treated).
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Fig. 72: The different stages of transformation 
of the terrycloth fabric (Publication VI).

Material: PVA yarn (dissolving 

temperature 40°C) Ne 50/2 

(weft), paper yarn Ne 51/1 

(weft), cotton Nm 50/2 (warp)                                                                             

Reacted to: Water – chan-

ges in texture, structure, 

size, and number of lay-

ers, and became formable                                                                      

Binding: Two-layered fabric 

in weft-dominated ten-shaft 

satin connected by a bin-

ding weft between the layers                                                                

Density warp: 33 threads/cm                                                            

Density weft: 65 picks/cm
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Fig. 74: The terrycloth fabric, Texture 2 
(machine washed at 30°C).

Fig. 73: The terrycloth fabric, Texture 1 (stea-
med).
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Fig. 76: The different stages of transformation 
of the terrycloth fabric. 

Fig. 75: The terrycloth fabric, Two non-textured 
fabrics (machine washed at 60°C).
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A form experiment using the terrycloth fabric

This experiment, which was part of a series of form experiments undertaken in colla-

boration with Peterson, explored the idea of fabrics with formable qualities in conjun-

ction with moulds for the simultaneous creation of surface and form in garment-ma-

king (pp. 172–175, 224–235 and Publication III). A series of three dresses was made 

on a full-size dress mould developed by Peterson; two different fabrics, the terrycloth 

(O) and the uneven-textured fabric (S) (pp. 164–171, and 214–222, Figs. 71–76, and 

107–113), were used. 

In the dress shown in Figure 77, which was made on the full-size dress mould (see p. 

225), the terrycloth fabric was used to bring out the contours of the mould in the fabric 

(Fig. 78). The mould was created using a process called ‘reverse crafting’, where craft 

knowledge is used to create a form that is often digitised later; this serves as a starting 

point in such a way that there is no need to construct the garment using the traditional 

cut-and-assemble method (Peterson 2020). A relatively tight-fitting raw fabric shape 

was sewn using the terrycloth fabric and shrunk on the mould. The terrycloth fabric 

was chosen for this experiment due to the spread-out placement of the binding points 

in the fabric, which meant that its texture was even and thick when shrunk.

Fig. 77: A dress in the terrycloth fabric, shrunk 
on the full-size dress mould. Photo: Amanda 
Johansson. 
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Fig. 78: Form experiment – the terrycloth fabric, 
shaped on the dress mould.
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The dividable three-layer fabric (P)

This material was a Jacquard-woven three-layered fabric in plain weave in cotton with 

a binding weft in heat-reactive coPA between the top and middle layers and a bin-

ding weft in water-reactive PVA between the middle and bottom layers (Fig. 79-80; 

Publication VI). The fabric’s middle layer differed in both colour and surface design – it 

was grey and in plain weave combined with a float pattern – from the top and bottom 

layers, which were yellow and in plain weave (Figs. 81–82, 84–87). This material was 

water- and heat-reactive. Its surface changed from non-textured to textured in respon-

se to water (Figs. 82–85). It was possible to divide the fabric into two layers using heat 

or water and three layers by using both heat and water (Figs. 80–82, 84–86).

Machine-washing shrank the PVA and made the fabric textured. Repeated machine-

washing at a high temperature separated the bottom layer from the top and middle 

layers by dissolving the PVA. The coPA yarn holding together the top and middle layers 

was dissolved by heat and steam, dividing these layers to varying degrees (i.e. into 

pockets or channels, or completely). The changes that occurred in the material were 

instantaneous and irreversible, and it was possible to retain these, or even the original 

expression, provided no more water was applied.

Fig. 79: The dividable three-layer fabric, Non-
textured fabric (non-treated).
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Fig. 80: The different stages of transformation 
of the dividable three-layer fabric 
(Publication VI).

Material: PVA yarn (dissolving 

temperature 40°C) Ne 50/1 

(weft), coPA yarn (dissolving 

temperature 85°C), DTEX 

110 (weft), cotton Nm 34/2 

(weft), cotton Nm 50/2 (warp)                                                                             

Reacted to: Water – changes 

in texture, structure, size, and 

number of layers; heat – changes 

in colour, structure, and number 

of layers                                                                                                             
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Density warp: 33 threads/cm                                                            

Density weft: 64 picks/cm 
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Fig. 81: The dividable three-layer fabric, Two 
non-textured fabrics (ironed and steamed).

Fig. 82: The dividable three-layer fabric,One 
non-textured and one textured fabric (steamed 
and machine washed at 30°C).
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Fig. 83: The dividable three-layer fabric, Texture 
1 (machine washed at 40°C). 

Fig. 84: The dividable three-layer fabric, Two 
textured fabrics (machine washed at 30 and 
60°C). 
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Fig. 85: The dividable three-layer fabric, Three 
textured fabrics (machine washed at 40 and 
60°C and steamed).

Fig. 86: The dividable three-layer fabric, Three 
non-textured fabrics (machine washed at 40 and 
°C, steamed, and ironed).
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EXPERIMENTS

A dividable three-layer fabric prototype

In order to explore change as part of the production process of textiles or textile pro-

ducts, a prototype bedspread was made using the dividable three-layer fabric. The 

shrinking behaviour of the fabric and the fact that it became textured were used as 

after-treatments to create a thick, textured surface (Fig. 88). A piece of the fabric was 

machine washed prior to sewing it into a bedspread; it shrunk around 40% and acqui-

red a thick, textured surface.

Fig. 88: Prototype of a bedspread that explored 
the shrinking behaviour of the dividable three-
layer fabric to create texture through machine 
washing (Publication VI).

Fig. 87: The different stages of transformation 
of the dividable three-layer fabric. 
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EXPERIMENTS

The dividable double-weave fabric (Q)

This material was a Jacquard-woven double weave in weft-dominated satin in paper 

and cotton with a binding weft in coPA yarn floating on the front side of the fabric (Fig. 

89-90; Publication VI). The material was reactive to heat, and possible to divide into 

two separate layers; pockets and channels could also be created. The layers separated 

to varying degrees when heat and steam were applied (i.e. into pockets or channels, 

or completely; Figs. 91–93). The changes that occurred in the material were instanta-

neous and irreversible, and it was possible to retain these, or even the original expres-

sion, provided no more heat was applied.

The dividable double-weave fabric had the same structure as the wavy-textured fabric, 

but changing the binding weft from water-reactive PVA to heat-reactive coPA resulted 

in a fabric that did not gain texture or dissolve when it came into contact with water, 

and thus could be washed. The fact that the fabric did not shrink also meant that it was 

easier to divide the layers in specific places using heat, without influencing the overall 

structure and size of the fabric. 

Fig. 89: The dividable double-weave fabric, Non-
textured fabric (non-treated).



  191190  

EXPERIMENTS

Fig. 90: The different stages of transforma-
tion of the dividable double-weave fabric 
(Publication VI).

Material: CoPA yarn, DTEX 

110 (weft), paper yarn Ne 51/1 

(weft), cotton Nm 50/2 (warp)                                                                             

Reacted to: Heat – changes in 

structure and number of layers                                                                     

Binding: Two-layered fabric in 

weft-dominated ten-shaft satin 

connected by a binding weft on 

the reverse side of the fabric                                                                 

Density warp: 33 threads/cm                                                            

Density weft: 65 picks/cm

E:\171011\Magnus - jacquard\Bindningar\ruutuE mellan 40x150px.JQW   Mon. 28th Mar. 2022 18:27
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Fig. 92: The dividable double-weave fabric, Two 
texured fabrics (ironed).

Fig. 91: The dividable double-weave fabric, 
Partially separated fabric (machine washed at 
60°C).
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Fig. 93: The different stages of transformation 
of the dividable double-weave fabric.
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EXPERIMENTS

The texture-changing striped fabric (R)

This material was a Jacquard-woven single-layer fabric in plain weave in cotton, with 

a white-on-white striped pattern in PVA and PET yarns (Fig. 94–95; Publication VI). 

It was reactive to water and heat, and exposure to one or both caused its surface to 

change from non-textured to textured. It was possible to achieve a relatively loose-

structured fabric with floats by boiling the fabric in water.

The size and texture of the fabric could be changed by applying heat and steam, which 

shrank the PET yarn (Figs. 96–98, 100–101, and 103–104). Water and steam shrank 

the PVA yarn, which also changed the texture and size of the fabric or created floats 

by dissolving the PVA completely (Figs. 97–104). The texture of the fabric could be 

changed several times within a sequence by alternating between washing and ironing 

treatments (Fig. 95, and 105). The changes that occurred in the material were instan-

taneous and irreversible, and it was possible to retain these, or even the original ex-

pression, provided no more water was applied.

Fig. 94: The texture-changing striped fabric, 
Non-textured fabric (non-treated). 
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EXPERIMENTS

Fig. 95: The different stages of transforma-
tion of the texture-changing striped fabric 
(Publication VI).

Material: PVA yarn (dissolving 

temperature 40°C) Ne 50/1 

(weft), PET yarn, Ne 20/1 

(weft), cotton Nm 50/2 (warp)                                                                           

Reacted to: Water – changes 

in texture, structure, and size; 

heat – changes in texture and 

size, and became formable                                                                      

Binding: Plain weave 

with a striped pattern                                                                 

Density warp: 33 threads/cm                                                            

Density weft: 18
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Fig. 97: The texture-changing striped fabric, 
Texture 2 (steamed).

Fig. 96: The texture-changing striped fabric, 
Texture 1 (ironed).
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Fig. 99: The texture-changing striped fabric, 
Texture 4 (machine washed at 30°C).

Fig. 98: The texture-changing striped fabric, 
Texture 3 (steamed and ironed).
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Fig. 101: The texture-changing striped fabric, 
Texture 6 (machine washed at 40°C and ironed).

Fig. 100: The texture-changing striped fabric, 
Texture 5 (machine washed at 40°C and stea-
med).
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Fig. 103: The texture-changing striped fabric, 
Fabric with floats and texture (machine washed 
at 30°C, steamed, and boiled).

Fig. 102: The texture-changing striped fabric, 
Texture 7 (machine washed at 60°C).
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EXPERIMENTS

Fig. 105: The different stages of transformation 
of the texture-changing striped fabric.

Fig. 104: The texture-changing striped fabric, 
Non-textured fabric with floats (machine was-
hed at 30°C, steamed, boiled, and ironed).
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EXPERIMENTS

A set of prototype curtains was made using the texture-changing striped fabric  to 

explore changeable properties and adjusting a textile product during its use phase    

(Figs. 106). The shape, texture, and width of the curtains were adjusted by spraying 

Fig. 106: Prototype of a curtain made using the 
texture-changing striped fabric. before (left) and 
after (right) sprayed with water (Publication VI).

them with water. The texture and shape of the curtains could be formed further th-

rough heat treatment, machine-washing the fabric repeatedly at a high temperature, 

and boiling.
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Experiment Series IV: Textural changes crea-
ting form 

The fourth series of experiments explored using changes in the texture and size of 

woven textiles in conjunction with moulds for the simultaneous creation of form and 

surface texture. The project was carried out in collaboration with Peterson, whose re-

search explores form-defining systems for textiles wherein they are conceived of and 

manufactured in relation to form itself, in contrast to traditional, linear methods of 

cutting and assembling. Peterson reflects on the aesthetic consequences of dress by 

using starting points other than a roll of fabric.

In the first part of this series of experiments, five experiments were conducted using 

three different woven fabrics and two moulds, including the wavy-textured fabric (O) 

(pp. 140–151), the terrycloth fabric (N) (pp. 164–171), and the uneven-textured fa-

bric (S) (pp. 214–222). The moulds, which were developed by Peterson, included a 

full-size T-shirt mould and a dress mould that was larger than 1:1 scale, allowing form-

creation to be explored on a large scale. 

The experiments utilised the texturising and formable properties of the wavy-textured 

fabric and the terrycloth fabric. The uneven-textured fabric had similar texturising 

and formable properties to those of the wavy-textured fabric and the terrycloth fabric, 

and in addition was designed to consist of two independent layers woven out simul-

taneously. The layers were connected at the edge of the fabric where the Jacquard 

machine wove a single layer to bind together the weft threads, such that a circular 

form with a circumference of roughly three meters was formed. This was done in order 

to fit the fabric on the mould while leaving enough room for it to shrink.

In the second part of the fourth series of experiments, the idea of embedding a raw 

shape for the form directly in the fabric was developed further by weaving in stops in a 

single layer in a double-weave Jacquard pattern.  
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EXPERIMENTS

The uneven-textured fabric (S)

This material was a Jacquard-woven double weave in twill in two separate layers in pa-

per and cotton with an extra weft in PVA yarn floating on the reverse side of each layer 

(Fig. 107-108; Publications III and V). This material was reactive to water, contracting 

to half its original width and then expanding back to almost its original width, and its 

texture changed from smooth to an uneven surface to two smooth fabrics.  Shrinking 

the fabric in specific places created a form, or the fabric could be shrunk around a 

form. In both cases this process also created texture.

When not treated the fabric was non-textured and smooth (Fig. 107). Water and steam 

shrank the PVA, making the fabric wavy in texture (Figs. 108–111). When the PVA had 

completely dissolved, and the fabric was ironed, it became non-textured again (Fig. 

112). The changes that occurred in the material were instantaneous and irreversible, 

and it was possible to retain these, or even the original expression, provided no more 

water was applied.

Fig. 107: The uneven-textured fabric, Two non-
textured fabrics (non-treated).
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EXPERIMENTS

Fig. 108: The different stages of transformation 
of the uneven-textured fabric.

Material: PVA yarn (dissolving 

temperature 40°C) Ne 50/2 

(weft), paper yarn Ne 51/1 

(weft), cotton Nm 50/2 (warp)                                                                            

Reacted to: Water – chan-

ges in texture, structure, and 

size, and became formable                                                                      

Binding: Double weave with 

two separate layers in twill 

with an extra weft floating on 

the reverse side of each fabric                                                                 

Density warp: 33 threads/cm                                                            

Density weft: 65 picks/cm

E:\171011\Väv Karin o Riikka\180524\kypert5x5 dubbel flotut 40x150px.JQW   Mon. 28th Mar. 2022 17:48
Total Weave 40 Ends 150 Picks   No comment                                                                                          
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Fig. 110: The uneven-textured fabric,  Two tex-
tured fabrics 2 (machine washed at 30°C).

Fig. 109: The uneven-textured fabric, Two textu- 
red fabrics (steamed).
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Fig. 111: The uneven-textured fabric, Two textu-
red fabrics 3 (machine washed at 60°C).

Fig. 112: The uneven-textured fabric,  Two non-
textured fabrics 2 (machine washed at 60°C and 
ironed).
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Fig. 113: The different stages of transformation 
of the uneven-textured fabric.
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EXPERIMENTS

Fig. 114: The full-size dress mould used in the 
form experiments using the uneven-textured 
fabric. 

Two form experiments using the uneven-textured fabric

The experiments, which were part of a series of experiments undertaken in col-

laboration with Peterson, explored fabrics with formable qualities in conjunction 

with moulds for the simultaneous creation of surface and form in garment-making 

(Publication III). A series of three dresses was made on a full-size dress mould de-

veloped by Peterson using two different fabrics – the terrycloth (O) and the uneven-

textured fabric (S) (pp. 172–175, and 224–235 and Figs. 114–120). 

The uneven-textured fabric was used to make two full-length dresses on the full-size 

dress mould (Publication III; Figs. 114–120). The fabric was woven in two layers with 

a width of roughly 320 cm, which was sufficient for the fabric to fit around the dress 

mould when shrunk. During the first experiment, the fabric was placed on the dress 

mould horizontally, with the front side of the fabric facing outwards (Figs. 116–118). 

During the second experiment, a slightly smaller, bag-shaped piece of the fabric was 

placed on the dress mould diagonally, with the reverse side of the fabric outwards, 

to further enhance the form and texture of the resulting dress (Figs. 115, 119–120). 

The resulting dresses had slightly different fits (Figs. 115–116). The uneven, airy tex-

ture of the fabric and the size of the fabric form generally resulted in a relatively large 

volume in both garments, but each had a different surface texture at the front and 

back, which visually dominated the surface details of the mould. The full length of the 

dress and weight of the fabric influenced the form of the garment when the mould was 

removed. The placement of the fabric on the mould and how it was shrunk influenced 

the shape and direction of the resulting form, which opened up for further explora-

tions with materials where texture had a clear direction.

When the dress was removed from the mould and placed on the body, some of the 

volume and form of the mould, as well as some of its surface detailing, were lost in 

favour of a form created by the meeting of the fabric and its form and texture. The form 

of the dress suggested where openings for the arms and head should be placed, and 

the use of the full horizontal width of the fabric resulted in a better balance in terms of 

form, drape, and movement than the diagonal placement with a more fitted form. This 

demonstrated how the shape of the mould, properties of the fabric, and placement of 

the fabric on the mould influenced the resulting shape and thus should be considered 

in conjunction when designing a garment.
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EXPERIMENTS

Fig. 116: Dress made using the uneven-textured 
fabric – horizontal placement of the fabric on 
the mould, full width of fabric, front side of the 
fabric outwards. Photo: Amanda Johansson.

Fig. 115: Dress made using the uneven-textured 
fabric – diagonal placement of the fabric on the 
mould, slightly fitted raw fabric, reverse side of 
the fabric outwards. Photo: Amanda Johansson. 
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Fig. 117: The first experiment in which the 
uneven-textured fabric was shaped on the dress 
mould – horizontal placement of the fabric. 
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EXPERIMENTS

Fig. 118: The first experiment in which the 
uneven-textured fabric was shaped on the dress 
mould – horizontal placement of the fabric. 
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EXPERIMENTS

Fig. 119: The second experiment in which the 
uneven-textured fabric was shaped on the dress 
mould – diagonal placement of the fabric. 
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EXPERIMENTS

Fig. 120: The second experiment in which the 
uneven-textured fabric was shaped on the dress 
mould – diagonal placement of the fabric. 
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The woven whole-garment forms

In order to further explore the form-giving possibilities of changes embedded in tex-

tiles, experiments were conducted that incorporated a raw shape for the form of the 

fabric by working with woven patterns in layers; in some parts of the pattern the layers 

were attached, and in other parts were separated. These experiments explored the 

expressive and form-giving possibilities of woven textiles with embedded changes 

in conjunction with garment moulds in the context of weaving out whole garments 

(Publication V). The project was carried out in collaboration with Peterson, and used 

free-blown glass moulds developed by her in combination with Jacquard-woven raw 

garment shapes.

The raw shapes for the garments were woven out on a Jacquard loom by adding stops 

to a double weave, connecting the two layers to form a single fabric in specific places 

in the pattern (Figs. 122–123). The stops – the places where the two layers were woven 

together to form a single layer – acted as embedded seams that defined the raw shape 

of the garment and the placement of the openings for the head and limbs. Four diffe-

rent shapes in 1:4 scale were woven: a T-shape, a V-shape, an asymmetrical shape, and 

an H-shape. These shapes were chosen because they were relatively simple and open, 

and left space for forms created by changes that occurred in the textile when it was 

placed on the mould. It was concluded that the three first shapes should hang from the 

shoulders with openings for the arms and head, while the H-shape should hang from 

the waist with openings for the legs (Figs. 124, 129, 131, and 134). 

Heat-reactive, shrinking PET yarn was used to enact a permanent change in the tex-

tile and create a form that would tolerate washing if needed. An even, wavy texture 

was chosen for the fabric in order to achieve considerable shrinkage and enhance the 

form. The four shapes were woven out in two basic bindings – plain weave and weft-

dominated eight-shaft satin – to ascertain what kind of surface texture would be crea-

ted when the forms were shrunk and how the surface texture supported the form and 

wavy texture of the fabric. Wool and paper weft and a cotton warp were used as the 

main body of the fabric to explore what effect soft and stiff materials had on the shape 

and texture of the garment form, and examples of all four shapes were woven out in 

both wool and paper versions. 

The textiles were placed over three different glass moulds and two body-shaped 

moulds, and shrunk using a hairdryer (Figs. 121, 125–128, 130, 132–133, and 135). 

Fig. 121: One of the glass moulds used in the 
form experiments using the woven whole-gar-
ment forms. Photo: Amanda Johansson.

The size and shape of the raw textile shapes and the placement of openings for the 

limbs and head informed the placement of the textiles on the mould. The mould, in 

turn, informed the shape of the garments because of the textiles’ ability to change, al-

lowing for close communication between the mould and the textile.



  239238  

EXPERIMENTS

Fig. 122: Bindings for the woven whole garment 
forms in plain weave. 
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Fig. 123: Bindings for woven whole garment 
forms in eight-shaft satin. 
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Material: PET yarn, Ne 20/1, 

(weft), paper yarn Ne 50/1 

(weft) or wool Ne 36/2 (weft) 

and cotton Nm 50/2 (warp)                                                                             

Reacted to: Heat – chan-

ges in texture, size, and 

form, and became formable                                                                     

Binding: Jacquard pattern in 

plain weave or weft-dominated 

eight-shaft satin in single layer 

in some areas and in a double 

weave in other areas, with 

an additional weft floating 

on the inside of each layer                                                                   

Density warp: 33 threads/cm                                                            

Density weft: plain weave: 35 

picks/cm (paper) and 25 picks/

cm (wool) and eight-shaft satin: 

55 picks/cm (paper) and 50 

picks/cm (wool)

EXPERIMENTS

The T-shape (T)

Size:                                         

Width: 30 cm                                             

Height: ca. 30 cm depending on 

material and binding

Moulds:                                      

Glass shape I                                               

Body shape

Fig. 124: T-shape[d pattern] embedded in plain 
weave made using PET, wool, and cotton yarn, 
before treatment. 

All patterns for the raw shapes 

for the form are in the same 

scale (see example of the 

T-shape above). The black lines 

in the pattern mark the positions 

of the stops in the fabric. White 

area: double weave. Black area: 

single layer.
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Fig. 125: T-shape in plain weave made using 
wool and cotton yarn formed on a glass mould. 
Non-treated shape (left), the fabric being sh-
runk on the glass form (middle left), shape after 
completed treatment (middle rigth), and shape 
after being removed from the mould (right). 
Photo: Karin Peterson. 
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Fig. 126: T-shape in plain weave made using 
PET, paper, and cotton yarn formed on the body-
shaped mould. Non-treated shape (left), the 
fabric after being shrunk on a mould (middle 
left), the fabric after further shrinking (middle 
right) and the shape after being removed from 
the mould (right).  
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Fig. 127: T-shape in weft-dominated satin made 
using PET, paper, and cotton yarn formed on a 
glass mould. Non-treated shape (left), the fabric 
after being shrunk on a mould (middle left), the 
fabric after further shrinking (middle right) and 
the shape after being removed from the mould 
(right). Photo: Karin Peterson. 
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Fig. 128: T-shape in weft-dominated satin made 
using PET, paper, and cotton yarn formed on a glass 
mould. Non-treated shape (left), the fabric after 
being shrunk on a torso-shaped mould (middle 
left), the shape after being removed from the mould 
(middle right) and the on the body-shaped mould 
(right). Photo: Karin Peterson.  
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Material: PET yarn, Ne 20/1, 

(weft), paper yarn Ne 50/1 

(weft) or wool Ne 36/2 (weft) 

and cotton Nm 50/2 (warp)                                                                             

Reacted to: Heat – chan-

ges in texture, size, and 

form, and became formable                                                                     

Binding: Jacquard pattern in 

plain weave or weft-dominated 

eight-shaft satin in single layer 

in some areas and in a double 

weave in other areas, with 

an additional weft floating 

on the inside of each layer                                                                   

Density warp: 33 threads/cm                                                            

Density weft: plain weave: 35 

picks/cm (paper) and 25 picks/

cm (wool) and eight-shaft satin: 

55 picks/cm (paper) and 50 

picks/cm (wool)

EXPERIMENTS

Fig. 129: V-shape[d pattern] embedded in weft-
dominated satin made using PET, paper, and 
cotton yarn, before treatment. 

The V-shape (U)

Size:                                         

Width: 30 cm                                             

Height: ca. 30 cm depending on 

material and binding

Moulds:                                      

Glass shape II                                               

Body shape
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Fig. 130: V-shape in weft-dominated satin made 
using PET, paper, and cotton yarn formed on a 
glass mould. Non-treated shape (left), the fabric 
after being shrunk on a mould (middle left), and 
the shape after being removed from the mould 
(middle right, right). 
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Fig. 131: Asymmetrical shape[d pattern] 
embedded in weft-dominated satin made using 
PET, wool, and cotton yarn, before treatment.

Material: PET yarn, Ne 20/1, 

(weft), paper yarn Ne 50/1 

(weft) or wool Ne 36/2 (weft) 

and cotton Nm 50/2 (warp)                                                                             

Reacted to: Heat – chan-

ges in texture, size, and 

form, and became formable                                                                     

Binding: Jacquard pattern in 

plain weave or weft-dominated 

eight-shaft satin in single layer 

in some areas and in a double 

weave in other areas, with 

an additional weft floating 

on the inside of each layer                                                                   

Density warp: 33 threads/cm                                                            

Density weft: plain weave: 35 

picks/cm (paper) and 25 picks/

cm (wool) and eight-shaft satin: 

55 picks/cm (paper) and 50 

picks/cm (wool)

The asymmetrical shape 
(V)

Size:                                         

Width: 30 cm                                             

Height: ca. 37,5 cm depending 

on material and binding

Moulds:                                      

Glass shape III                                              

Body shape
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Fig. 132: The asymmetrical shape in weft-do-
minated satin made using PET, wool, and cotton 
yarn formed on a glass mould. Non-treated 
shape (left), the fabric being shrunk on a mould 
(middle left), and after completed treatment 
(midlle right, right). Photo: Karin Peterson.
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Fig. 133: The asymmetrical shape in weft-do-
minated satin made using PET, wool, and cotton 
yarn formed on the body-shaped mould. Non-
treated shape (left), the fabric being shrunk 
on a mould (middle left), and after completed 
treatment (middle right, right).
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Material: PET yarn, Ne 20/1, 

(weft), paper yarn Ne 50/1 

(weft) or wool Ne 36/2 (weft) 

and cotton Nm 50/2 (warp)                                                                             

Reacted to: Heat – chan-

ges in texture, size, and 

form, and became formable                                                                     

Binding: Jacquard pattern in 

plain weave or weft-dominated 

eight-shaft satin in single layer 

in some areas and in a double 

weave in other areas, with 

an additional weft floating 

on the inside of each layer                                                                   

Density warp: 33 threads/cm                                                            

Density weft: plain weave: 35 

picks/cm (paper) and 25 picks/

cm (wool) and eight-shaft satin: 

55 picks/cm (paper) and 50 

picks/cm (wool)

EXPERIMENTS

Fig. 134: H-shape[d pattern] embedded in weft-
dominated satin made using PET, paper, and 
cotton yarn, before treatment. 

The H-shape (W)

Size:                                         

Width: 20 cm                                             

Height: ca. 20 cm depending on 

material and binding

Moulds:                                      

Glass shape I                                               

Body shape
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Fig. 135: H-shape in weft-dominated satin made 
using PET, paper, and cotton yarn formed on the 
body-shaped mould. Non-treated shape (left), 
the fabric after being shrunk on a mould and 
cut (middle left, middle right, right).  
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Comments on the initial experiments with ma-
terial and structure 

The results of the first three experiments and the workshop with the knitted fabrics 

showed that the material, textile structure, after-treatments, and what the textile is 

exposed to influenced how textiles changed. Material properties defined what texti-

les reacted to and how, and the textile structure facilitated or restricted the nature of 

this reaction. In loose-structured woven structures the yarns were able to move and 

create new textured surfaces, while more tightly interlaced yarns did not move (Figs. 

1–2). The structure of a woven fabric consisting of only PVA in the weft direction was 

completely dissolved by rain, while a new textured surface was created as a result of 

rain on the fabric with an identical structure but PVA and uncoated copper as the weft 

materials (Figs. 3–4). The fabric samples, consisting of a PVA upper layer, a hidden, 

stainless-steel middle layer, and a linen bottom layer, acquired three different surface 

expressions as a result of three different treatments with water (Figs. 5–6). 

The results of the first series of experiments also suggest that how a textile is used 

and formed influences any changes to at least the same extent as the material and 

structure. The changes caused by the weather were relatively subtle and uniform and 

developed gradually over time through repeated exposure to rain, wind, and the sun. 

The changes actively and purposefully enacted by adding water or steam to form the 

fabrics in various ways were, on the other hand, instantaneous, varied, sometimes ex-

plicit, and in many cases local. 

Material and structure afford a textile certain properties, but the work of the students 

during the workshops with the collection of knitted fabrics and the further form expe-

riments undertaken by the author show that these properties can be manipulated to 

create a variety of different expressions and forms and suit a broad range of purposes. 

The properties of a textile may also suggest certain uses. For example, explicit changes 

in the texture, opacity, softness, flexibility, and hardness of the knitted fabrics or their 

ability to hold form and be draped by the weight and flexibility of a material made 

them suitable for use in a workshop with fashion design students. This suggests that 

the context in which a textile is to be placed should be considered during the stage of 

the design process at which materials and structures are being selected.

Comments on embedding multiple changes in 
colour in one textile

The results of the experiments show that multiple colours and patterns can be created 

from one starting point, and that the inherent changeable properties of materials can 

be combined with textile structures to create these. The natural aging of materials and 

susceptibility of fibres to different dyestuffs could, in combination with the pattern 

or texture of the fabric and the placement of materials in it, be used to create several 

patterns, textures, and/or colours in one textile. In these experiments, the somewhat 

extreme methods of burying and submerging textiles were chosen in order to create 

clear differences in the colours of the different fibres. It should be noted that other, 

less radical, methods may have also produced notable differences in how the different 

fibres were dyed. 

Traditional textile dyes could be used to create instantaneous changes in the colours 

and patterns of textiles in order to refresh them, cover up stains in specific locations, or 

update their colour palettes or patterns. By using pigments that only dye parts of a pat-

tern or create two different tones using one dye bath, and exploring how well one type 

of pigment fastens to different types of fibre in a fabric, several colour combinations 

and patterns could be created (see also Nilsson 2015b). Subtler colour schemes could 

be created by working with textures consisting of several different fibres, instead of 

patterns. This method could be used to create e.g. melange effects with varying colour 

contrasts that depend on which colours are chosen for which material.

There were differences in how materials within one group of fibres were dyed, and 

subtle variations could be created by combining different materials from one group. 

For example, while paper, cotton, and linen are all cellulosic fibres, paper yarn dyed re-

latively well (perhaps due to its fibres being shorter because of the production process 

of paper) but linen did not (possibly because of its longer fibres). Wool and silk, which 

are both protein fibres, generally dye well, but the two might produce slightly different 

shades in the same dye bath. Mixing yarns from the same group of fibres could thus be 

used to create patterns or textures of one colour but several different tones or degrees 

of lightness. 

Over-dyeing already-coloured textiles could produce even more variations. For ex-

ample, a yellow fabric buried underground would be dyed green or brown depending 

on whether it is made of wool or paper, respectively. One coloured pattern or texture 
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could develop several different colourways depending on its materials and the method 

of dyeing. For example, a red coloured pattern consisting of a cellulosic, protein, or 

synthetic fibre could produce orange, purple, or brown coloured colourways, respecti-

vely, or a mixture of these, depending on which colours it was overdyed with.    

Changes in patterns and colours that are caused by materials gathering dirt or wearing 

out, on the other hand, have a closer connection to how textiles are used and indivi-

dual patterns of use are created, in which case the context of the use of the product is 

central. Using a bag might result in changes in colour in specific areas, whereas using 

sofa upholstery might over time result in a pattern or texture due to stains spreading 

over areas of different materials and general wear and tear. If some of the parameters 

of material, structure, treatment, or use are changed, the resulting expression chan-

ges as a consequence. Colours created as a result of a material gathering dirt or other 

substances and ones achieved without the use of mordants generally continue to gra-

dually change over time (see Worbin 2013). Such changes do not occur at any specific 

moment in time but become visible over time, and often occur as a result of use or the 

passing of time, rather than an act of forming.

The experiments also suggest that a shift in how textiles are perceived might be 

needed, and that an alternative definition of quality based on the aesthetics of change 

instead of permanence could be viable. This suggests that changes as a result of use, 

which are often seen to symbolise a decrease in quality, could be designed into a textile 

to make its expression more varied or personalised over time, adding to the perceived 

quality of the textile instead of decreasing it.

Comments on embedding multiple changes in 
texture and structure in one textile

The results of the third series of experiments show that it is possible to design textiles 

that are able to undergo sequential changes in terms of texture and structure by using 

materials’ inherent properties of changeability and their placement within the textile 

structure. The number of stages of change of a textile did not automatically correlate 

with the range of possible uses. For example, during the workshops an equal number 

of possible applications were suggested for the dividable double-weave fabric, which 

has three stages, and the wavy-textured fabric, which has eight stages. The results 

further suggest an alternative approach to designing textiles wherein a material’s pro-

perties are better matched to a textile’s properties and lifespan by taking into account 

how both of these change. Designing textiles or thinking about their applications in 

relation to the idea of embedded change suggests that there is a need for the textile 

designer and product designer to work together to develop the properties of the textile 

alongside the expression and function of the product.

Comments on home textile prototypes created using the wavy-textured 
fabric

The prototypes, while very basic in their scope, demonstrated ways of using shrinkage 

and texture to fit a fabric to a product, or to adjust a textile product during its use pha-

se. Embedding changes in the size, form, and surface texture of a textile product could 

open up for changing its function or form, or customising a product to fit a specific 

space by applying different, relatively simple, treatments. Suitable treatments for each 

textile product or type of change should most likely be specified together with washing 

instructions, to make the changes accessible, comprehensible, and predictable. 

The prototypes also highlight the importance of considering all of the stages of trans-

formation of a textile in relation to applications, and the importance of matching these 

to stitching, thread, and filling. This might mean designing the seams of a textile pro-

duct such that they allow for the textile to shrink and expand, for example, or desig-

ning seams that dissolve in order to let the textile divide itself, or designing the dimen-

sions of a textile product such that its size and surface texture are particularly suited 

to a purpose across all of the changes in terms of size and texture that the product 

undergoes. 

For example, the four pillows had an equal amount of filling, chosen based on what 

could fit in the textile cover in its smallest state. Should the idea of enacting change 

in terms of the size and shape of a textile product be developed further, a filling that 

shrinks in proportion to the fabric could be used. Alternatively, combining a shrinking 

textile cover with a non-shrinking filling would create differences in terms of density, 

stiffness, and shape. The stitching thread used for the lampshade and the textile covers 

for the pillows could be matched to the fabric such that both shrink to produce a neat 

edge, or a thread with more or less shrinking behaviour could be used to create an ad-

ditional texture in the edge or further influence the form of the textile product. 
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Comments on the dividable three-layer fabric prototype

The bedspread prototype highlighted the importance of developing textiles alongside 

the applications they are intended for in order to ensure that all parts of the product 

are designed to fit the planned changes. In this prototype, the shrinkage of the fabric 

was an after-treatment that gave the bedspread a heavy, textured surface before the 

fabric was stitched to create a relatively static prototype. However, the fabric shrank 

and subsequently expanded by 50% at most, and so it would also have been possible to 

develop a variant of the bedspread that would fit a single bed in its shrunken, textured 

state, and a double bed after being washed at 60°C, should the stitching thread and the 

trim of the bedspread be designed to fit these changes in size. 

This could be achieved by stitching the edges with a non-shrinking thread and then 

stitching them over with a shrinking, dissolving thread; when the fabric shrinks the 

stitches also shrink, but when the shrinking thread dissolves and the fabric expands 

the edges do not fray. Trims or other embellishments could be attached using dissol-

ving thread to add details that can later be removed, or they could be constructed such 

that they allow for textile shrinkage while not shrinking themselves, creating a deco-

rative edge to the textile in the manner of smocking. 

Together, the home textile prototypes made using the wavy-textured fabric and divida-

ble three-layer fabric show that further development of the concept of changeable pro-

perties in textiles in many different applications will require changes to be incorpora-

ted into both the design of textile products and thinking regarding their applications. 

This in turn suggests that there is a need for textile designers to be closely involved 

in the development work from an early stage in the design process, and to cooperate 

with other design professionals such as product designers and interior architects. This 

might involve developing specific materials to suit specific applications or ensuring 

that applications are compatible with the properties of the textile.

Comments on textural changes creating form

Comments on the dividable three-layer fabric prototype

In the experiment that combined the wavy-textured fabric and the T-shirt mould, the 

shape of the mould, the placement of the fabric, and the texture of the fabric all af-

fected the garment. Non-textured and smooth in its initial state, the fabric developed 

a striped textured surface that enhanced the shape of the garment when it was shrunk 

on the mould. The direction of the textured ridges, or waves, and the dense surface of 

the fabric in its textured state also helped to support the form of the garment when the 

mould was removed. The experiment suggested that the direction and placement of 

the texture created through shrinkage could be used to support and enhance the form 

of textiles.

Comments on the experiment involving forming the terrycloth fabric

When the terrycloth fabric was placed on the full-size dress mould, its thickness sup-

ported the contours of the form relatively well when the mould was removed. This 

was further enhanced by the relatively fitted raw shape of the fabric form. The surface 

details of the mould were not translated to the thick, even, and furry texture of the 

fabric in its shrunken state, and attention was instead focused on the overall shape of 

the dress. The shape created by the dress mould suggested the placement of openings 

for arms and the head, and created a clear contrast between the upper and lower parts 

of the dress. 

As compared to the two form experiments performed using the same dress mould and 

the uneven-textured fabric, the terrycloth dress had a closer fit and showed the shape 

of the mould more clearly. This may in part have been because the raw fabric shape of 

the terrycloth dress was slightly smaller than that of the uneven-textured dress, which 

was placed on the mould diagonally (Figs. 78, 119). However, the difference between 

the fit of these two dresses was so prominent that it suggested that texture and the 

degree of shrinkage embedded in the textile have a substantial effect on the resulting 

form (Figs. 77, 115). The terrycloth fabric had an even surface and more shrinking 

wefts than the uneven-textured fabric, allowing the fabric to shrink more and create 

a denser, thicker surface that supported form better. Working further with the shape, 

scale, texture, and degree of shrink of the fabric in relation to creating form with texti-

les is one direction for further research.
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Comments on the two form experiments using the uneven-textured 
fabric 

These form experiments demonstrated how changes in textiles can be used to create 

form. Further development could however be done as regards form-giving properties 

such as shrinking, adding texture, and stiffening, along with experimenting with the 

scale and arrangement of the surface texture of the fabric and shape of the raw fabric 

form in relation to the intended form and mould used. Heat-reactive shrinking yarns 

may be better suited to creating a permanent form than water-reactive ones as they are 

not affected by moisture, making garments possible to wear and wash without com-

promising form. In this project, the form-giving process was used to create garments, 

but could be applied to other textile applications. This way of working could open up 

for an alternative method of designing garments where the surfaces and forms of gar-

ments are developed simultaneously, customised for specific users, or altered in terms 

of shape and surface textures during use phases.

Comments on the woven whole-garment forms

The experiments with woven whole garment forms exemplified how raw garment sha-

pes can be incorporated directly in fabric when weaving, and can be combined with 

moulds to create a range of shapes and fits from one starting point. The shape of the 

final form depends on several variables: the materials, shape, size, and texture of the 

raw textile form, how much and in which places the form shrinks, the shape of the 

mould, the placement of the textile on the mould, and how heat is applied – all over 

or in specific places. The experiments further suggest that the properties of textiles, 

in terms of the interplay with the mould or object the textile is placed on, can play 

a significant role in creating form, suggesting alternative methods of designing and 

shaping textiles or textile forms. 

During the experiments, the same raw garment shape acquired different forms de-

pending on the glass mould it was shrunk on, its placement on the mould, how it was 

shrunk, and the material of the garment form (Figs. 125–126, 132–133). For example, 

two raw garment shapes in weft-dominated eight shaft satin – one made of wool and 

cotton and the other made of paper and cotton – were shrunk on the same glass mould. 

The resulting forms behaved differently: the woollen form was softer and had more 

drape, while the paper form was stiffer, more three-dimensional, and better able to 

stand without support (Figs. 127, 132). Although the raw garment shapes were not 

the same in these two experiments, the differences between the form and the beha-

viour of the samples were so prominent that they show that the choice of material has 

an effect on the final form. 

Similarly, two T-shaped forms – one with a satin binding in paper and cotton and one 

in plain weave in wool and cotton – were shrunk on two different moulds (Figs. 128, 

125): the satin form was shrunk on a scale model of a torso and the plain weave form 

was shrunk on a glass mould. After shrinking, the satin sample had a fuzzy, uneven 

surface texture and the outlines of the form were less clearly defined than those of 

the plain weave sample, which had a clearly defined form and a surface texture that 

supported the form (Figs. 128, 125). Although the samples were shrunk on two dif-

ferent moulds, both had a smaller waist in the middle, leaving space for the samples 

to shrink. This suggests that even if the shape of the mould likely influenced the final 

form and texture to some extent, the tightly interlaced plain weave supported the re-

sulting form and texture better, helping it to stand independently.

A possible further development of this project would be to increase the scale and weave 

raw shapes for garments in a full-body size. Scaling up would mean several changes in 

the parameters that define the final shape of the garment. The form experiments were 

undertaken on a 1:4 scale; at 1:1, the results would differ in terms of the proportions 

between the form and the amount of material, and the scale of the change the textile 

undergoes. For example, fabric texture on a 1:1 scale would be smaller in relation to 

the size of the form, which would thus have less support. It might be possible to scale 

up a texture, but the behaviour of this texture would likely still differ from that of a 

texture that had not been scaled up. Experiments carried out on a 1:1 scale would not 

be able to stand without support, and the weight of the fabric would affect the drape 

of the form more. This can be seen with the two full-scale dresses made of the uneven-

textured fabric, for example, in that the properties of the textile had a prominent effect 

on the shape and drape of the garment, taking over the shape of the mould (Figs. 77, 

114, and 115–116). 

Furthermore, the relationship between the size of the garment and the size of the stops 

would change. The experiments showed that the in-woven stops of the 1:4-scale forms 

(which were approximately 30 x 30 cm) needed to be at least 2 cm wide in order to not 

unravel when the form shrank. Even if broader stops are needed for full-size garments, 

these stops would nevertheless be proportionally smaller relative to the form as a who-
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le, and thus also have less effect on the shape of the form. This would be in contrast to 

the 1:4 experiments, where the stops had an effect that was, in places, substantial with 

regard to the final form (Figs. 125-126, 130, and 133). Further work with textile forms 

could involve experimenting with curved and longer stops or textiles where only some 

parts change, blending different amounts of shrinkage through different bindings, tex-

tures, and materials, and adding more layers to explore forms that have openings that 

lead to different layers of the textile. Combining these with moulds or placing them on 

the body could open up for further development with regard to garments. These pro-

perties could also be explored in other contexts, for example by adding stops to create 

a raw shape for a textile in order to explore the creation of textile forms, or in order for 

the raw shape to be placed on a frame, mould, or a product to be upholstered, reducing 

the need for additional cutting and sewing work.
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Summary of the experiments

The experiments presented in this thesis show how the materials that are used to make 

textiles, the structures chosen to construct them, and the treatments used when they 

are finished have an effect on their expressions and properties, and how these can 

change. The relationship between a material and the structure of the textile and the 

expression and properties this provided, as well as the relationship between a textile’s 

expression and properties, the context it was placed in, and the changes this led to, 

formed the core of these experiments. As an example, the choice of materials and their 

placement in the knit structure created properties such as softness and flexibility in the 

resulting fabrics, along with the possibility to invert these properties to their opposites 

(hard and rigid) while also changing the size of the fabric. These properties in turn 

suggested possibilities relating to form creation and use on the body, especially as they 

were instantaneous and could be actuated by applying water to the fabrics. The colour 

changes of the woven patterns, on the other hand, were more gradual and suggested 

applications where changes could occur over time, such as interior textiles that are 

often used in a repeated manner. Moreover, the fabrics were relatively stiff and stable 

and did not change in size, texture, or stiffness, and though they could be used on the 

body, just like any other fabric, their properties did not suggest that they were parti-

cularly well adapted for such usage. The experiments suggest that there is an intricate 

interplay between the variables of material, structure, and use that deserves further 

attention on the basis that it influences the potential applications, lifespans, and – ul-

timately – end of life of textiles. 

Designing textiles which have the ability to change or evolve in various ways opens up 

for alternative applications for textiles and an expansion of the possibilities of existing 

textiles. For example, visible and tangible changes in textiles can be combined with 

moulds and frames to create form in garments or textile products; textiles could be fit 

in specific forms or frames, customised, or altered at the beginning of or during their 

lifespans, suggesting alternative methods of designing and adjusting designing and 

adjusting the forms of textile products such as garments. The visible and/or tangible 

changes in texture, structure, size, thickness, and number of layers in the woven fa-

brics show that textiles do not have to retain one expression or structure throughout 

their lifespans, and can open up for alternative roles in applications such as form gi-

ving and product design.

The home textile prototypes tentatively explored usage in relation to the properties of 

fabrics. Shrinkage and textural change were used to fit a textile to a lampshade, while 

simultaneously creating a wavy surface texture; similarly, the curtains could be ad-

justed in terms of dimensions instantaneously by applying water to the fabric. Textiles 

that are able to undergo several changes in terms of texture and structure could allow 

for several product lifespans to be embedded in one material by altering its properties, 

and also open up for the separation of materials at the end of the textile’s lifespan. The 

prototypes also suggest that embedding changes in textile products using the textiles’ 

properties requires an alternative way of designing textile products, in which the tex-

tile is developed alongside the product. 

The design of textiles which are able to change or evolve in terms of their expression 

or structure requires the designer to consider three interconnected variables: time, 

change, and context – over what timespan(s) the textile might change, what kinds 

of change might occur, and how they might be actuated. What the textile is used for 

influences what it will be subjected to, how it changes, and how long its lifespan might 

be, while its materials and structure determine what the textile will react to and how. 

There is an interplay between the textile’s properties and its use: a textile can be used 

in multiple ways, and at the same time the textile’s properties influence what use it 

will be put to.

Approaching textiles from the perspective of changeability could open up for the de-

sign of textiles that are able to change and evolve. Textiles are traditionally designed 

to retain their appearance for as long as possible, and changes in expression are often 

deemed to symbolise a decrease in quality. Properties such as the colourfastness and 

durability of materials are felt to be signs of quality, regardless of how long the textile 

actually remains in use due to other reasons, such as aesthetic outdating due to chan-

ges in trends or culture. The abundance of textiles and garments and rapid turnover of 

new styles has made consuming textiles and garments a mundane task and abstracted 

their origins and materiality (see e.g. Albers 2000, Borgmann 2000, De Botton 2009, 

Edelkoort 2015). Allowing textiles to take time to change and evolve could support 

first-hand experience of the material world, encouraging a more holistic understan-

ding of textiles and their raw materials.

This work suggests an alternative definition for quality in textiles, based on the aesthe-

tics of change – over what timespan(s) a textile might change, what kinds of change 

might occur, and how they might be actuated (as stated in Publication IV). This means 

shifting the focus away from the textile or textile product retaining its appearance and 
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properties unchanged for as long as possible, and to considering how these properties 

could, or should, change. This may allow the properties and lifespans of textiles and 

textile products to be re-connected to the contexts that they are placed in – the actual 

lifespans, uses, and possible changes – and thus re-connect textiles and the materials 

that they are made of.
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The experiments presented in this thesis were starting points in the process of giving 

textiles the ability to change, which allows their expressions to evolve over time and 

during use. These changes are influenced by how the textiles are handled and the 

different types of change embedded, which suggest different uses and applications. 

Designing textiles with expressions that can evolve or change could be one way of 

lengthening the lifespans of textiles and opening up for them having several lifespans 

and purposes. First-hand experience of how materials change when they are handled 

in a certain way can also make visible the materiality of textiles, and through that sup-

port an understanding of the materials that things are made of. 

The changes in textiles described in this thesis took place at specific moments in time 

and as single events or within a sequence of events, and could be used to create surface 

and form in textiles or textile products or to adjust or alter textiles or textile products 

during their use phase. The periods in which change took place alternated with peri-

ods of more gradual change in terms of visual expression. Combining multiple types of 

change in one textile could be used to create a textile that changes in different ways at 

different points in time and at different rates. Although the exact moment of actuation 

of change and what this is used for would likely be beyond the control of the designer, 

the form, duration, and actuation of the change could be designed to some degree.

Approaching the design of textiles from the perspective of change opens up for al-

ternative possibilities in terms of designing textile expressions and making time and 

change design variables alongside colour, pattern, and texture. This can be underta-

ken while simultaneously rooting changes in textiles and the timespans over which 

these occur in the physical properties of the textiles. This further suggests that desig-

ning textiles from the perspective of change positions materials and their placement 

in a textile structure centrally, not only in the design process of the actual textile but 

when thinking about the use and/or applications of the textile. This requires an un-

derstanding of the possibilities and limitations of different materials and processes in 

order to be able to design the changes that occur in textiles and develop these in rela-

tion to potential contexts of use (Albers 2000; Bak-Andersen 2021).

The design possibilities of textiles with chan-
geable properties

Designing textiles that can change and evolve in various ways opens up for alterna-

tive uses and applications for textiles and expands those of existing textiles and textile 

DISCUSSION



  283282  

DISCUSSION

products. Visible and/or tangible changes in a textile by e.g. altering its texture, form, 

width, or length, or dividing it to create several layers, pockets, or channels, could be 

used to adapt textiles to certain purposes, bodies, or spaces. Changes in colours or pat-

terns could be used to create patinas or traces of use or update a textile’s expression, 

and could support more personal relationships with textiles. 

Changes can be gradual and ongoing, or occur in one way, pause for a period of usage, 

and then be adjusted later. For example, shrinking and dissolving yarn could be used 

to achieve gradual changes by creating a textured fabric wherein patterns of dirt ac-

cumulated as the textile was used in its textured state. When the textile was further 

changed to have a flat surface by dissolving the yarn that held it together, a surface pat-

tern created by the textured state was imprinted on the textile, in the manner of woven 

shibori. By exploring which parts of a textile were textured and the specific nature of 

this texture, patterns could be added to textiles through wear and tear, personalis-

ing textiles and turning ageing into something positive (see e.g. Fairs 2009; Chapman 

2012; University of Brighton 2013). 

Heat-reactive yarns are less sensitive to unaccounted-for changes as they are activated 

by higher temperatures than generally occur in everyday environments, and so a spe-

cial effort must be made to change them. This facilitates more permanent changes and 

allows such textiles to be washed, although not ironed or steamed. Heat-reactive yarns 

could be used in textiles that are to be placed in an outdoor environment or that need 

to be washed occasionally. They could also be suitable to create form or an individual 

fit in garments that must be washed and which come into contact with moisture from 

the body and the environment during wearing (see e.g. Tessmer et al. 2019). In these 

examples, the changeability of the textile relates not so much to the expression or form 

of one textile being adjusted over and over again, but to one type of (raw) textile being 

able to fit several purposes, spaces, or uses.

The changes that are intended to take place and materials and their placement in the 

textile structure should be thought about in relation to the context of use or applica-

tion of the textile or textile product. A curtain, for example, is not subjected to stimuli 

other than sunlight and the occasional wash or exposure to a light breeze, but it might 

be desirable to adjust its size and texture in order for it to fit a specific window. When 

developing a fabric for a curtain, then, embedding changes that allow its size and sha-

pe to be adjusted easily by e.g. adding the possibility for it to shrink or become textured 

in response to heat is likely desirable. Alternatively, colours that fade in different ways 

could be used in different parts of the pattern to create new patterns over time (see 

e.g. Worbin 2013).

Embedding changes in terms of the expressions and structures of textiles or textile pro-

ducts could open up for rethinking their functions and purposes. What could a fabric 

that can develop several different patterns and colour combinations, or change its tex-

ture and divide it into several layers, open up for? How could the notion of a curtain be 

expanded if it were not limited by the static properties of its materials? A fabric could 

become textured, gain a pattern, or shed its outermost layer in order to hide stains or 

renew its expression, or changes in thickness or the division of layers could be used to 

change the purpose of the textile, for example by changing a tablecloth into a textured 

bedspread and again into a patterned, thin curtain. A pair of curtains could become 

two pairs of lighter curtains by dividing them into two layers, or one curtain could 

become a piece of fabric that is twice as wide by keeping one edge of the fabric from 

dividing. A curtain could even be turned into a dress by dividing the material into two 

layers in the middle and then shrinking it on a mould.

The same starting point for changes could be used for multiple purposes and expres-

sions. In the experiments, the texture-changing two-thread fleece fabric was used to 

form two garments; one a with surface that was voluminous, soft, and opaque and one 

which was flat, rigid and transparent. The fashion design students that participated in 

the workshop and worked with the collection of knitted fabrics all had their own ways 

of forming the fabrics using water or steam. As a result of the different treatments, 

the colour-changing triangle-patterned fabric acquired nine different colour schemes 

ranging from orange to yellow, green, and blue. The experiments that involved woven 

forms used everything from body shapes to abstract dress shapes and glass moulds, 

resulting in specific forms arrived at through the combination of form and weave. 

Shrinking a dress on a human body would have resulted in a different form and closer 

fit, for example. How the changes unfolded depended on the context that the textile 

was placed in.

After-treatments may constitute a direction for further research that can potentially 

have considerable impact on the properties of textiles. What would happen if a coating 

were added? What changes would result from the textile being washed after weaving 

or knitting? Some changes could be integrated during the production processes of 

textiles, resulting in more traditional, static expressions. For example, the dividable 

three-layer fabric could become textured as part of an after-treatment to create a quil-
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ted surface texture when the fabric is washed after weaving, similar to the bedspread 

made using the dividable three-layer fabric. 

The process of printing a coating or pattern on a textile could be used to create texture 

in the fabric; for example, printing a water-based coating or pigment on a water-reac-

tive fabric would cause the fabric to shrink and become textured in the printed areas. 

Applying a sufficiently thick layer of the coating or pigment or a non-water-based coa-

ting, such as wax or a solvent-based coating, and then washing the fabric after it had 

completely dried would create another layer of texture by completely separating the 

dissolvable yarn from the rest of the fabric, leaving a loose structure in these parts. 

Printing with water and no colour or coating would create a temporary texture in the 

fabric, and washing the fabric or adding further layers of print later could be used to 

shape the fabric’s texture and expression. Exposing a heat-sensitive shrinking fabric 

to localised heat could be used to ‘print’ textures on a fabric, with no need for chemi-

cals. Both printing techniques could be used as after-treatments during the production 

process, making it possible to create several different versions of the same fabric, or be 

applied by the end-user to customise the shape, expression, or purpose of the fabric.

Another direction for further research is what happens at the end of a textile’s lifespan. 

Regardless of the number of stages and functions and whether a textile is continuing to 

undergo gradual changes, there will come a time when the lifespan of a textile comes 

to an end. Further work could explore end-of-life separation of materials for reuse, 

repurpose, or recycling of textiles, either by using dissolvable materials or through the 

degradation of materials. Another track would be to explore layered structures and the 

possibility of removing worn-out layers of a textile to reveal another fabric (potentially 

with different properties), making it suitable for further use (see also Forst 2020). 

Different materials degrade at different rates, so their natural degradation or wearing 

out could be used to separate layers, reveal hidden colours or textures, or remove parts 

of the textile in order to create a new structure, expression, or function, embedding 

several lifespans in one textile and opening up for cradle-to-cradle thinking on the 

level of textile structures. The paper-yarn textiles that were buried for two months de-

graded considerably. If paper yarn were combined with other materials that degrade 

more slowly or not at all, such as cotton, polyester, and polyamide, a series of gradual 

changes in structure, texture, and pattern could be achieved.

Textiles with embedded potential for change could be produced by the metre, taking 

advantage of the effectiveness of mass production while leaving the end product 

open to change, ageing, and further manipulation, in turn adding the need for skill, 

craftmanship, and personal customisation to industrially manufactured products. 

Such textiles could be seen as toolkits to be formed further by stakeholders such as 

designers, seamstresses, upholsterers, and consumers. Approaching the end products 

of industrial production as things that are not finished would allow them to be seen 

as changeable things with final forms that are not determined, creating the material 

conditions that allow interaction to take place and shape expression and purpose, as 

argued for by Mazé (2005) and Bergström et al. (2010). This could also counteract the 

de-skilling effect of an abundance of ready-made products built for predetermined, 

static ways of use and interaction. 

Designing textiles from the perspective of 
change

Time influences textiles in many ways. Some changes are intangible, visual, or cul-

tural: with the passing of time, silhouettes, colours, patterns, and materials change, 

become outdated, and sometimes become fashionable again, without any apparent 

changes in the materials themselves (see e.g. Albers 2000). Sometimes functional, du-

rable objects fall out of use because the need for them ceases to exist, or things gain 

new meanings in connection with cultural changes (Swanberg 2002). This hints at the 

importance of considering the long-term implications of design choices that extend 

beyond the properties required for the functioning and immediate aesthetic expres-

sion of a textile. 

Beyond the most apparent trends, these types of change might be difficult for designers 

to predict and influence. Furthermore, although many of the decisions that influence 

a textile’s lifespan are made during the design process, the designer is often limited in 

their ability to influence many of these due to lack of knowledge or requirements for 

the design set by other stakeholders. Embedding the potential for change in textiles 

might not solve issues related to aesthetic and cultural outdating, but it could offer 

the possibility to update, repurpose, or customise textiles in order to prolong their li-

fespans, or allow them to be disassembled for reuse or recycling.

Embedding the potential for change in textile products would mean broadening the 

role of the textile designer such that they co-operate with other design professionals, 

e.g. product and fashion designers, to develop materials and products collaboratively. 
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The level of this co-operation could vary: textile designers might present finished fa-

brics and their properties to product and fashion designers, work on changes along-

side product and fashion designers, match the sewing thread, trimmings, and con-

struction of textile products to facilitate planned changes, or develop an entirely new 

textile material to enable certain types of change (Nilsson 2015). This would require 

textile designers and product and fashion designers to come together relatively early 

in design processes in order to gain an improved understanding of the possibilities and 

limitations of materials and the requirements of products (see Publication VI).

From the perspective of education, approaching the design of textiles from the per-

spective of changeability could be used to introduce students to alternative materials 

and design methods, and encourage holistic thinking with regard to the implications of 

design decisions for the lifespans of textiles. Introducing design students to materials 

with changeable properties and alternative design methods involving transformable 

materials could be one way of introducing changeability into textile design education 

programmes. In the experiments presented in this thesis, using materials with chan-

geable properties in workshops gave fashion and textile design students first-hand, 

hands-on experience of such materials, which it was felt improved their awareness and 

understanding of the existence of and possibilities offered by these materials. 

Ready-made fabrics with a variety of changeable properties were used in the work-

shops to provide the students with approachable examples of changes: these included 

shrinking, texturising, changes in stiffness and opacity, and formability, and were ma-

nipulated for different purposes. Existing fabrics were used for the initial experimenta-

tion so that the students could learn about the behaviour and possibilities of the mate-

rials before they set out to develop their own. Yarns with dynamic properties were also 

made available, facilitating in-depth exploration of changeable properties by enabling 

the students to develop their own textiles in relation to specific contexts. Making dis-

solving and shrinking yarns and colour-changing pigments available to students and 

disseminating information about their existence and possibilities among teachers and 

supervisors could assist in creating an awareness of textile materials with changeable 

properties and lead to students using them in their projects. 

On a more general level, discussing aspects of change in relation to what happens to 

textiles or their materials in the long term, and how material selection and the struc-

ture of a textile affect aspects such as use, longevity, recyclability, and trend-sensitivity, 

could draw attention to the consequences of design choices with regard to e.g. mate-

rials, structures, colours, and patterns. This could support students in becoming more 

aware of the implications of their design decisions and encourage them to consider 

working with the circular economy in mind. 

The designers at IKEA of Sweden felt that the communication of changes in textiles is a 

challenge, as is how they might be experienced by users who expect textiles to behave 

in certain ways and not change. A user who is accustomed to textiles being stable and 

predictable may feel that sudden changes in form, size, texture, and colour are signs 

of the textile ‘misbehaving’, and so those who purchase such textile products would 

need to ‘buy in’ to the idea of change in textile products. Moreover, changes would 

need to be communicated to designers, product developers, and other stakeholders 

involved in the design process who are accustomed to textiles retaining their expres-

sions. In addition to looking at technical data sheets for material properties and the 

results of quality-control tests to assess quality and support decision-making, these 

people would need information regarding the existence of these materials and their 

properties and possibilities, as well as new criteria for assessing quality and suitability 

in relation to intended usage.

An alternative definition of quality in textiles, based on the aesthetics of change – 

when (time), how (change), and in reaction to what (context) textiles change – would 

mean evaluating the quality of textiles based on their ability to change at the right time 

and in a way that is relevant to the contexts they are placed in. The types of change 

that would be considered in relation to this definition could include changes in colour, 

pattern, texture, structure, dimensions, material behaviour, size, thickness, stiffness, 

opacity, or number of layers, or relate to behaviours involving expansion or compres-

sion, hiding or revealing. These could take place in one stage or multiple, be explicit 

or subtle, reversible or irreversible, and be part of one pathway or several. The central 

criteria for evaluating the changes would be how the type and timing of the change fits 

the planned usage or purpose of the textile, and whether the method of actuating the 

changes is easily accessible within the planned context of use. 

Connected to the type of change are timing and timespan, and how these fit the inten-

ded context of the textile. Examples of criteria that could be used to evaluate this inclu-

de speed, duration, interval, and repetition, i.e. whether the change occurs instantly 

as a consequence of an action or gradually over time, whether the change happens 

instantaneously or at a later point in the textile’s lifespan, and whether the change oc-

curs once, repeatedly, or as part of a sequence. 
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Context determines the quality of a textile in relation to its planned use or purpose. 

Depending on how, when, and in response to what it changes, a textile could be de-

emed to be of insufficient quality for one purpose but of a high quality for another. 

Context also determines which stimuli a textile comes into contact with, or which 

actuation method could best be suited to it with regard to a certain context, for ex-

ample whether changes are triggered by passive stimuli such as the weather or long-

term wear and use, or actively by someone changing or forming the textile or textile 

product, determining what actuates the changes and how these are manifested. The 

experiments presented in this thesis focused on changes actuated by easily accessible 

stimuli such as steaming, ironing, and machine washing for the purpose of exploring 

the idea of embedding change in everyday textiles. Should electronics in the form of 

e.g. sensors or actuators be added to textiles, other types of change and actuation – 

possibly more indirect ones – may be possible. These variables should in some form 

be considered by the designer when making decisions concerning the material and 

structure of the textile.

In addition, an approximation of the probable length of a textile’s lifespan should be 

made, and the type and duration of changes should be evaluated in light of this infor-

mation. From this perspective, the quality of textiles is fluid and context-bound, in op-

position to the rather static view of the quality of textiles that is based on permanence 

and the durability of colours, materials, and structures. Such a view suggests that the 

most durable option is not always the most suitable, and allows textiles to exist in the 

temporal realm their materials inherently inhabit. 

In order for textiles and textile products that are able to change and evolve to be ac-

cepted by users, knowledge about their behaviour and how to take care of them so 

as to avoid unplanned changes is needed. In addition, expectations need to be set as 

regards how textiles and textile products react to various everyday stimuli. As with any 

type of textile, information relating to care is needed so as to avoid a woollen sweater 

shrinking in the wash, for example. This would also help users to actuate changes in 

their textiles when they decide to, and to feel in charge of these. 

Users would also need to learn new ways of handling and taking care of their textiles. 

As some textiles might not tolerate washing or ironing, steaming, or tumble drying, 

new textile-maintenance habits may have to be adopted. However, ironing, washing, 

and steaming are familiar and easily accessible methods of textile maintenance, and 

using these to shape textiles opens up for customising, adjusting, and taking a DIY ap-

proach to textiles without the need for advanced sewing, pattern-making, and textile-

construction skills and equipment.  

The care label is a common means of conveying information about textile care, and is 

familiar to most consumers. As how exactly a material will change is difficult to influ-

ence, it may not be possible to give exact instructions, but general guidance along the 

lines of ‘this material is sensitive to water, and can be washed 30°C to create texture 

and at 60°C to separate the layers’ could be provided. Symbols that instruct users to 

wash at specific temperatures or to avoid washing in water are available; what might 

the washing symbols for changeable textiles look like?
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Albers (2000), Borgmann (2000), De Botton (2009), and Edelkoort (2015), among 

others, claim that people’s connection with the material world has decreased due to 

the rapid changes brought about by first industrialisation and later a culture of con-

sumption and digitalisation. Although industrial mass production and advances in 

technology and material science have opened up for many new possibilities and made 

many tasks easier and faster to perform, production processes and products have be-

come more complex and spread out, abstracting knowledge of the manner in which 

materials are produced, what they are made of, and how they function and can be 

repaired. 

Borgmann (2000) argues that in effortlessly consuming and using a product we lose 

the intimacy with materials that comes from the effort of interacting with and learning 

to understand and take care of them. Mazé (2007) further argues that many devi-

ces are designed in a way that does not leave much space for mastering them – they 

function in predetermined ways without the possibility for improvisation, which may 

have a de-skilling effect – and suggests that an openness to further development and 

variation in terms of design might be a more beneficial approach. McDonough and 

Braungart (2002) suggest that one way of increasing material diversity is to consider a 

range of possible uses and users during the design process of products. 

Approaching textiles from the perspective of changeability can encourage alternative 

approaches that are less bound to the production chain and more connected to materi-

als and making, encouraging a rediscovery, understanding, and first-hand experience 

of the material world (see Fletcher 2016). DIY approaches, clothes hacktivism, and 

mending and cherishing inherited or personally important garments or textiles are 

practices that shift the focus towards reusing, modifying, and prolonging the lives of 

materials, and accept and engage with the changes that occur in materials in diffe-

rent ways. Embedding the potential for changing or making adjustments to textiles or 

textile products can prolong their lifespans by making it possible to renew, refresh, or 

customise the expression or purpose of existing textiles, embedding several product 

lifespans in one material (Riisberg & Grose 2017). Changes in texture, size, or number 

of layers could be used to renew, refresh, or customise textiles, while changes in colour 

and the process of redyeing could be used to update a textile or incorporate stains or 

bleached areas into the design.

Chapman (2005) and Niinimäki (2011) suggest that seeing new, individual patterns 

emerge in textiles that are in use for prolonged periods of time could encourage an 

SUMMARY
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intimacy and involvement with textiles. Wabi-sabi values the aesthetics of ageing and 

imperfection, and practices such as boro and kintsugi relate to the natural passage of 

time, in contrast to modern textile production and consumption. Approaches such as 

these, as well as committing to using textiles for longer, require effort and time, and 

could encourage re-evaluation, or rather rediscovery, of our relationships with materi-

als by making first-hand experience and understanding of them central.

This thesis proposes that the inevitable changes in the properties, expressions, aesthe-

tics, and uses of textiles could be considered during their design processes. Perceiving 

textiles as things that change would mean accepting change and wear and tear as parts 

of a textile’s expression, shifting focus away from aiming to have the textile or textile 

product retain its appearance and properties unchanged for as long as possible and 

towards how these properties could or should change. Therefore, permanence as a 

sign of quality has been questioned in the research presented in this thesis, asking 

whether all things should last equally long, what it means for something to last, and 

whether things have to remain unchanged.

With this emerged an entirely new set of questions, concerning how quality should be 

defined, regulated, and controlled. Traditionally, quality control in textiles has been 

adapted to methods usable in industrial mass production, and thus focused on mea-

surable parameters of physical properties, deviations from which are deemed to con-

stitute a decrease in quality (see e.g. Sorkin 2000; Bilisik & Yolacan 2009; Damianov 

& Germanova-Krasteva 2013; Kadolph 2014). Measurable parameters, such as the 

percentage of recycled fibres in a material or the amount of water used in a dyeing 

process, are ways of quantifying movement towards more sustainable production pro-

cesses. They are also, as Meadows (1997) points out, the least effective leverage points 

for creating changes in a system. Cultural values connected to materials, comfort, and 

aesthetics are just as important for the sustainability of a design, but much more dif-

ficult to measure the impact of using quantitative methods (Bak-Andersen 2021). 

The design variables of time and change are interrelated and bound to context, and as 

such might be less well suited to traditional quantitative methods of quality control. 

Defining and measuring the perception of changes in the overall expression of a textile 

– what is favourable, what should be avoided, and in which context – is not straightfor-

ward, as tastes, values, and what is considered to be acceptable or unacceptable vary 

between cultures, classes, regions, and times, suggesting that alternative methods for 

measuring quality are needed. By suggesting that change be seen as just another qua-

lity of a textile and focusing on whether textiles or textile products change at the right 

time, for the right purpose, and in an aesthetically meaningful way, it is hoped that the 

work presented in this thesis will encourage a shift in values that could lead to more 

meaningful relationships between people and the materials – and particularly textiles 

– that they are surrounded by.

Accepting that textiles change would allow them to change over time or be pushed 

to change their expression or form when needed. This could open up for alternative 

expressions, functions, and roles for textiles, allowing them to change their appearan-

ces, structures, dimensions, and functions, and to evolve during use and over one or 

several, possibly overlapping, timespans (see also Chapman 2012). Intentional acts 

of change and forming in relation to shape, expression, structure, and function could 

alternate with longer periods of use and maintenance that gradually build changes in 

expression and/or structure. This may involve becoming more aware of and learning 

to understand the materials that things are made of in order to develop a sensitivity to 

the changes that occur in textiles through age or use, and learning how textiles can be 

handled to influence or prevent changes. Designing textiles that are capable of chang-

ing or evolving in various ways could support a better balance between the lifespans of 

textiles and textile products wherein the lifespans of these can be considered simulta-

neously, reconnecting textiles with the materials they are made of.

The research presented in this thesis suggests several directions for further investi-

gation. Future research could explore reversible changes in textiles, which could go 

back and forth between several stages of change during their lifespans. Alternatively, 

further steps and different rhythms of textile lifespans could be investigated, inclu-

ding gradual changes that take place between more specific moments of change. For 

example, reversible changes in texture could open up for patterns to emerge gradually 

as a textile is used in its textured state for a prolonged period of time, or to explore 

changes in textiles in outdoor applications. End-of-life scenarios could also be investi-

gated in terms of what happens at the end of one lifespan and how materials can be 

separated using degradation or melting yarns to create new fabrics with alternative 

functions.
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Exploring the relationship between material and textile structure 
in creating changing textile expressions 

 

Riikka Talman, University of Borås, Sweden 

 

Abstract 

This paper explores the relationship between potentially dynamic materials and textile 
structures for designing textiles with inherent changing qualities. Textiles are usually 
designed to retain their appearance for as long as possible. Yet all textiles wear out and 
change over time, both physically and aesthetically. This means the life spans of textile 
object and the material it is made from will not necessarily be equal. The dynamic 
changeable qualities in textiles could instead be enhanced by using the potentially dynamic, 
changing qualities inherent to materials and combining them with textile structures. Through 
contextualisation and design examples, this paper discusses the possibilities of embedding 
these qualities into textiles, and presents a series of woven and knitted designs that combine 
these materials into different textile structures. Two materials with differing dynamic qualities 
were chosen for the experiments. These are polyvinyl alcohol (PVA) yarn—a material that 
melts in water and uncoated copper wire—which creates a patina when it reacts with air. 
These materials are combined into woven and knitted structures and then exposed to two 
types of stimuli to explore how different stimuli affect the way in which the materials change: 
passive exposure to weather, and an active workshop with fashion design students. The 
results are initial explorations into the basic principles of combining potentially dynamic 
materials into textile structures to create textiles that take advantage of how different 
materials change over their life span, and how this might look. Through embedding different 
time spans into textiles instead of designing static expressions, the life span of materials and 
textile objects could be better matched, enabling the designer to tailor a more appropriate life 
span for textiles. 

 

Keywords 

textile design; material; structure; weaving; dynamic 

 

 

In traditional textile design, form, colour, and texture are expressed by combining different 
materials and treatments with textile structures. When designing textiles that have dynamic 
qualities – those with the ability to undergo changes in expression or structure in response to 
different stimuli, - time, must also be considered as a design variable. The textile can thus be 
designed according to a time span under which it changes. In this paper, “expression” refers 
not only to the artistic qualities given to a textile by its designer, but also to a material’s 
inherent visual and tactile characteristics. 

Material and choice of technique are often the major variables in textile design. Choice of 
material gives a textile qualities making it suitable for certain applications and after 
treatments. Construction of the textile, such as being knitted or woven, and after treatments 
like printing, dyeing, or coating further shape the textile’s qualities. Materials have inherent 
qualities i.e. they exist in the material itself. In some materials these qualities could be seen 
as potentially dynamic possibilities to change, such as wool’s tendency to felt. Having 
knowledge about materials is thus of great importance to a textile designer, yet this 
knowledge is often non-verbal. Technical information about materials is available, but 
designers often use their intuitive knowledge when making decisions during a design 
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process. This knowledge can be in part experiential, i.e. gathered by the designer by 
experience, requiring physical interaction with the materials. 

Along with material, the yarn and textile structures form the other basic elements of a fabric. 
As early as 1927, Nisbet (1927, p. 3) described the role of structure in woven fabrics by 
stating that: “…it is equally if not more important that a textile designer should be conversant 
with the principles of fabric structure, as that he should be an artist and expert 
draughtsman.” The tangible knowledge in the construction textiles is thus for a textile 
designer a fundamental variable in forming the expression of a textile. Also Nuno´s founder 
Reiko Sudo works with materials´ inherent qualities and combines them with woven 
structures. Sudo´s textiles often have a strong tangible presence and she has said that the 
first thing she considers when designing a textile is how it would feel to touch it (Millar, 
2005). In this way she lifts the tangible experience of touching as a central quality in a textile.  

Dynamic qualities in textiles can be divided into reversible and irreversible. A reversible 
pattern can go back and forth between one or several states. An irreversible pattern does 
not return to its original state. Instead its expression is built up over time (Worbin, 2010). 
Linda Worbin (2010) describes this as an inherent continual expression the textile gradually 
undergoes. These changes are thus inherently embedded in the textile due to its material 
and construction. This paper will focus on irreversible changes, since it addresses textile 
time spans. There is research on textiles with irreversible dynamic qualities that approaches 
them with various perspectives, such as interaction design (Landin, 2009; Persson, 2013; 
Worbin, 2010) and in relation to space design (Dumitrescu, 2013).  

Several examples of this research embed change in potentially dynamic materials by using 
electronics and programming. Changes can be programmed to occur in response to certain 
stimuli, such as a textile that can for example break or shrink when it is touched (Dumitrescu, 
2013; Persson, 2013). However, less information about irreversible changes is available 
about materials’ inherent qualities when used with everyday stimuli. Tom Dixon’s EcoWare 
presents one example of this type of change; tableware made out of biodegradable plastic 
that gradually wears out from use. Dixon argues that this character in fact makes the 
tableware more interesting and unique to the user who moulds them over time (Fairs, 2009). 
Hussein Chalayan has worked with aging and wearing out garments in two collections, ´The 
Tangent Flows` and `Cartesia`. He sprinkled iron filings on the garments and subsequently 
buried them for several weeks. For Chalayan treating garments by burying them was a 
method for storytelling, although he has stated that processes are for the designer and the 
result, the actual garments, is what is most important for the people (Golbin, 2011).  
There seems to be an imbalance between material´s and object´s life spans. For example 
cotton is in itself a durable material, but it might be processed into a t-shirt that is made of 
thin single jersey that breaks easily, constructed with low quality sewing work. The life span 
of the object and the material it is made of do not meet. Research regarding textile life spans 
and the effect of material and aesthetic durability exists, for example Kate Fletcher (2008) 
proposes that garments could, depending on their use, have various life spans ranging from 
fast to slow. Defining these rhythms relates to recognising for which purposes garments are 
acquired. Fashionable clothes that are used for a short time could be made out of short-lived 
or recyclable materials. Less trend sensitive garments such as winter jackets could last for a 
long time and age beautifully becoming more personalised with use (Fletcher, 2008). This 
has been researched also by Jonathan Chapman (2013), who suggests that textiles and 
garments could be designed to improve with age, such as a pair of jeans that the user 
moulds their own through continuous use. Attaching personal memories to garments could 
be seen as a factor preventing early disposal of garments (Niinimäki, 2011; Chapman, 
2005). Embedding fast or slow life spans directly into textiles could help to create a better 
balance between the material and the textile object’s life span, where life spans for both 
could be considered already during the design process. How such textiles could actually be 
constructed has so far seen little research. 
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In this project, textile samples are designed and produced to explore the possibilities of 
combining potentially dynamic materials with textile structures as a method for creating 
textiles with inherent capabilities for irreversible change. Two materials with differing 
dynamic properties are experimented with. These materials react to different everyday 
stimuli by changing and together they offer a range of qualities. The materials are combined 
with both woven and knitted structures. The fabric samples are then exposed to the passive 
stimuli, nature as well as active stimuli, use in a workshop for fashion students. 

 

Experiments 
Method 

The starting point for the experiments was an interest in how irreversible dynamic qualities 
could be embedded into textiles during the design process, and to what extent it is possible 
for the designer to control these changes and how they might look like. 

Two materials that change under everyday conditions were chosen. The first was uncoated 
copper wire, which forms a patina from exposure to oxygen and carbon dioxide (i.e. air). The 
second was polyvinyl alcohol (PVA), which dissolves when in contact with water over 20ºC. 
The materials were chosen because of their ability to produce visible changes from different 
stimuli over various time-spans. Patina can form on uncoated copper slowly or quickly 
depending on the circumstances. PVA reacts to water instantly by shrinking and melting, but 
the process stops temporarily if the material is left to dry, turning hard and translucent.  

Textiles were designed to explore the synergy of these materials and textile structures. 
Experiments A and B explored the role of material and structure in woven textiles exposed to 
passive changes by setting them outdoors. Experiment C compared active and passive 
methods of inflicting changes on a three layered woven fabric. Experiment D focused on 
exploring in what way the textile´s expression change and how these dynamic qualities 
affected the way they are manipulated. A set of knitted fabrics with a range of dynamic 
qualities was developed and an active method of causing changes in them was used - 
fashion design students worked with the fabrics in a workshop.  

The role of material and textile structure in creating dynamic changes in textiles  

The initial experiment A was conducted on knitted single jersey in uncoated copper. A piece 
of the material was buried in earth for one year. Other pieces underwent active changes, 
exposed to vinegar both by soaking and through evaporation by being left closed in a jar 
with the material for various lengths of time ranging from one day up to a year. Afterwards 
the pieces were compared and analysed (fig.1 top row). 

Experiment B explored the relationship between inherently dynamic material qualities and 
woven textile structures by creating changes in its expression over different periods of time. 
All samples were woven to an unbleached cotton warp on an industrial Jacquard machine. In 
experiment B1 two woven pieces of same size and materials, but with different bindings 
were placed outdoors for one month to observe if the choice of binding affected the way the 
textiles changed (fig.1 second row from the top). Both fabrics combined a white cotton warp 
with uncoated copper weft of the same density. One piece was of a rep weave and the other 
a satin binding. Two more woven samples made on the same warp with differing weft 
materials were hung outdoors in experiment B2 (fig.1 third row from the top). One sample 
combined PVA with a copper weft in a rep weave, the other used sample had only PVA as 
weft in a satin binding. In this experiment nature was chosen as a passive stimuli to cause 
changes in the fabrics. The outdoors, with its unpredictable rain, wind, sun and temperature 
was judged to be suitable to help create changes that could be observed occurring in the 
materials. All samples were exposed to weather under similar conditions and time, freely 
hanging outside, attached to a support from the top. The experiment lasted for one month. 
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Exploring possibilities in how textiles could change 

Experiment C compared active and passive methods. A woven material consisting of several 
layers was developed. The sample combined an outermost layer of PVA with a black cotton 
background and a hidden middle layer of stainless steel. For comparison a variation of the 
same construction was woven out in a variant where the PVA was replaced by non-dynamic 
casein-yarn. The fabric was then subjected to different treatments. One sample was placed 
outdoors for one month, one sample was sprayed with water and one sample was machine 
washed at 40ºC. Afterward the samples were compared and analysed (fig.1 bottom row). 

In experiment D knitted fabrics were developed with the aim of leaving their dynamic 
qualities open for other designers to work further with. Three fabrics with qualities ranging 
from subtle to explicit in expression were designed and produced on industrial circular 
knitting machines, combining PVA with more stable materials such as stainless steel and 
wool (fig.2). As this experiment explored how other people could further work with the 
textiles, PVA was used because it causes more instant changes in the textiles, making it 
more accessible to work with. The fabrics were used during a one week workshop ´Crafting 
Wearables ´with BA fashion design students that was held at the Swedish School of Textiles 
on 28th October – 1st November 2013. The aim was to see how other designers could 
actively work with the dynamic qualities. At the beginning of the workshop, students were 
presented with the materials. After initial free experimenting the students could choose the 
materials they wanted to work with further. Their task for the workshop was to re-create an 
existing garment of theirs using the dynamic materials. 
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Fig. 1 Overview of experiments A to C. From top downwards: Uncoated copper jersey 
samples from experiment A. Treatments from left to right: untreated, buried for one year, 
exposed to vinegar for one day, soaking in vinegar for two months, soaking in vinegar for 
one year. Woven samples from experiment B1 exploring the role of two woven structures 
(left: rep weave and centre left: satin) and same samples after one month outdoors. The rep-
weave had retained its flat structure (centre right); the satin (right) had developed a wavy 
structure. Experiment B2 exploring the choice of weft materials in creating changes in fabrics 
shown at a stage before changing (left: PVA and copper weft and centre left: only PVA in 
weft) and the same samples after one month outdoors. Different treatments of sample C. All 
samples show a comparison between changes that have occurred in PVA and areas with 
non-dynamic casein-yarn, where no changes have taken place. From left: fabric in its 
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original state, a sample after one month outdoors, a sample with water sprayed on and a 
washed sample. 

 

Results and analysis 

In experiment A subtle changes occurred in the buried copper knit, which developed a 
surface of brownish and greenish shades (fig.1 top row, centre left). Compared to the B 
samples that were hanging outdoors, the colours were deeper. In the sample exposed to 
vinegar changes in the material occurred after one day (fig.1 top row, middle). Bright 
turquoise powdery patina formed on them. When left in the vinegar for a longer time the 
copper knit began to dissolve. After two months most of the knit had dissolved into crumbles 
(fig. 1 top row, centre right). After one year, the crumbles had transformed into rectangular 
crystals. In some places the structure of the original knit was still visible, even though the 
material had transformed into something different (fig.1 top row, right). 

When comparing B1 samples it could be seen that the sample with rep weave had changed 
colour from reddish to greyish, while remaining quite flat in structure (fig.1 second row from 
the top, centre right). Colour of the satin sample had turned from an even reddish to different 
hues ranging from brown to grey. The fabric had developed a wavy three dimensional 
structure (fig.1 second row from the top, right) due to the loose satin binding, with its 
irregular binding points, that allowed threads to bend in response to wind and rain. The more 
strictly organised rep weave was more stable, resulting in a flatter surface. The choice of 
binding combined with the material was thus an important design variable defining how the 
fabric will change. 

In experiment B2 both weaves shrank over the duration of the experiment, and developed a 
matte, dense surface structure that felt like dry paper to the touch. Structure of the weave 
containing only PVA in weft was completely dissolved (fig.1 third row from top, right). The 
dried out weave could be torn in direction of the warp. The piece containing both PVA and 
uncoated copper in the weft held its shape better. The sample shrank also, but the copper 
wefts held the overall structure of the weave in place resulting in flatter structure (fig.1 third 
row from top, centre right). The shrinkage of PVA caused the copper wefts to form loops on 
top of the weave creating a new visual and tactile surface texture. Here it was the choice of 
material, combined with the binding that was the relevant variable defining the outcome. 

At the beginning of experiment C all the samples had a similar, flat, neutral expression (fig.1 
bottom row left). After one month the sample placed outdoors developed a different visual 
and tactile surface expression as the PVA top layer had repeatedly melted and dried (fig.1 
bottom row, centre left). The surface was a combination of hard areas with dried, transparent 
PVA coating and soft areas where PVA had completely washed away. The middle layer of 
stainless steel had been revealed thus changing the light, neutral and sleek surface to dark 
and textured. Spraying with water caused more local changes revealing the stainless steel 
layer in specific places and causing the surrounding areas to shrink evenly (fig.1 bottom row 
centre, right). Washing removed the top PVA layer completely creating a soft, dark surface 
(fig.1 bottom row, right). No changes occurred in the sample containing casein-yarn instead 
of PVA. In this experiment the choice of material and binding in combination with how the 
textile was treated were the determining variables. 

In experiment D working with a range of qualities from completely breaking down to 
stretching out enabled the creation of textiles that reacted in complementary ways. The 
fabrics developed included a single jersey in PVA that completely dissolves when in contact 
with water, a two-thread fleece combining PVA and stainless steel that changes its visual 
and tactile expression through partial breakdown of its structure, and finally a slipstitch 
pattern in wool, stainless steel, and PVA, which changes its visual and tactile expression by 
stretching without breaking apart (fig.2). During the workshop the students worked with a 
variety of different topics. They took the materials’ dynamic qualities as part of their design 
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process and developed a range of methods for working with them. These methods included 
among others painting with water, steaming, fusing, sculpting and moulding layers with 
water, painting with teabags, heating, spraying with water and stretching and sewing with 
PVA thread. 

 

 
Fig. 2 Range of knits with dynamic qualities from experiment D used in the workshop. From 
left: a completely melting fabric that can turn from soft and white to hard and transparent, a 
fabric changing visual and tactile expression, and a fabric that can be stretched out without 
breaking. 

 

The students effectively used and formed the fabrics’ qualities, such as dissolving, shrinking, 
stretching, stiffness, and formability and transition from white to transparent and soft to hard 
to create a variety of forms. Some worked more with the dynamic qualities as a tool for 
expression, others wanted to enhance the textiles’ expressive possibilities, and some used 
them as a functional part in their design. Students reported that in some cases the fabrics 
changed their way of working during the process. In one case a student redesigned a 
poncho. Instead of relying on creating volume in the poncho by adding fabric in the pattern, 
he cut out and sewed together pieces of the grey slipstitch fabric (fig.2 right). He then added 
volume to the garment through forming and stretching out the fabric in certain areas and 
leaving others untreated (fig.3). Another student created a dress combining three-
dimensional structure and flat surface in the same fabric by shrinking parts of the two-thread 
fleece (fig.2 middle) with water (fig.4). Another created a white pleated top that could be 
transformed into a striped dress by using PVA as sewing thread and combining it with 
thermochromic print, creating a multifunctional garment with the help of dynamic materials 
(fig.5). In this experiment it was the combination of material and knitted structure that created 
a framework around how the textiles could change, but it was the action of forming them, 
which defined how the expression would change.  

 

 
Fig. 3 A poncho by Lui Iarocheski, where volume and form were created by stretching out 
certain parts of the fabric.  
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Fig. 4 A dress by Sofie Larsson combining three-dimensional structured surface with sleek 
flat surfaces in same fabric. 

 

 
Fig. 5 A multifunctional garment by John-Daniel Isacsson, which can be transformed from a 
white pleated top to a striped long dress with the help of warm and cold water. 

 

Discussion 

The first experiments, A and B, focused mainly on material qualities, their combination into 
textile structures, and observing how the structure of the textile contributed to how the 
material changed when subjected to the elements (fig.6). In experiment B2 copper darkened 
in contact with air, and humidity seemed to speed up the process. Samples kept indoors 
retained their original colour. How tightly the copper was woven with other materials affected 
the result. The copper could also be shaped for example by crumbling or folding, but the 
resulting expression will differ from sample B1’s wavy surface which was formed by wind. 
Shaping PVA manually offers perhaps broader possibilities for creating different forms and 
surfaces, as was seen in the workshop with the fashion design students. This would suggest 
that materials and structures, as well as different stimuli, afford the textile certain qualities 
that suggest different uses. They also reveal evidence of the textiles experiencing different 
conditions. 
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Fig. 6 A table over the experiments  

 

The results of experiments C and D (fig.6) indicate that the way in which the textile is formed 
and changed is at least as important as its material and structure. In experiment C the 
sample exposed to weather showed the greatest potential for creating different expressions. 
In this case the overall effect of the weather created a change in the expression that proved 
difficult to achieve with other, more conscious methods. In experiment D the material and 
structure afforded certain types of changes, like shrinking, hardening, and breaking in the 
knitted fabrics, but how exactly the textiles were formed was decided by the fashion design 
students. This led to a variety of expressions in the resulting garments. The samples in fig.2 
present one example of how the textiles could be formed, but exactly how they change 
depends on how they are formed and for what purpose. For example the two thread fleece in 
the middle of fig.2 is manipulated into a flat surface. The dress in fig.4 is made from the 
same material, but the student has formed a three-dimensional surface structure with the 
material. 

Textiles are often experienced simultaneously with more than one sense. This is why their 
tactile qualities could perhaps be considered more in the design process. The experiments 
made during the project indicate that to be able to work with dynamic qualities in textiles, a 
textile designer needs extensive tangible knowledge about both materials and textile 
structures in order to be able to predict how the textiles will change. For example some of 
the experiments made during the project showed considerable change in their tactile 
qualities. Left out in the weather, PVA developed a dry paper like surface, while the same 
material sprayed with water turned hard and smooth. Such understanding is gained through 
physical interaction with material and technique—Nisbet (1927) describes this interaction as 
a conversation. Also for Reiko Sudo a textile´s tactile qualities are as at least as important as 
its visual expression (Miller, 2005), and her textiles often visually convey a sense of how it 
would feel to touch them. The students working with the knitted materials in the workshop 
reported that having the material melt against their skin felt repulsive and that the steel and 
PVA fabric changed from smooth to prickly when it half melted. The physical experience of 
interacting with the materials that dynamically and tangibly reacted to manipulation became 
quite central for the students. They needed to adjust the way they usually manipulated 
materials, which resulted in them developing new working methods. 

In the project different types of changes were embedded into textiles depending on the 
planned method of testing. The samples tested in nature consisted of loose structures 
enabling them to be moulded by the weather. Subtle changes in texture and colouring 
occurred over longer periods of time through repeated exposure. This type of change could 
be described as passive. The knitted fabrics developed and used in the workshop for fashion 
design students had qualities that enabled them to be actively formed in different ways that 
would perhaps not translate as clearly when exposed to nature. Further research is needed 
to compare different types of change on similar textiles to acquire more comparable 
information about the effect of the type of stimuli and how textiles could change.  
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In traditional design processes with static textiles, chance is usually sought to be eliminated 
so the textile can retain its expression for as long as possible. Yet faded colours and worn 
out materials will always occur in textiles over time and use. Instead of aiming to remove all 
signs of ageing, wear could be taken as yet another quality of a textile. Kate Fletcher (2008) 
proposes that garments could have life spans ranging from fast to slow, and that one way to 
make this possible would be to make textiles from materials with different life spans. A pair 
of jeans often requires repetitive use over time to fit its wearer perfectly. This quality cannot 
be added to the garment at production state, but it requires the jeans to be made out of a 
material that wears out in a good way. Instead commitment from the user is needed, which 
also contributes to creating a meaningful relationship with the object (Niinimäki, 2011) and 
could encourage people to look after their garments for longer (Chapman, 2013). 

Still the textile designer most likely cannot entirely control the exact changes the textiles 
might undergo. The changes will occur in interaction with other people or the environment 
and their precise nature is difficult to predict. There remains an element of chance in the 
nature of such textiles. Further research could explore what types of uses and contexts 
textiles with different types of dynamic qualities or life spans could afford or suggest. In the 
case of Tom Dixon’s EcoWare it was the combination of the material and the form of the 
object that determined its intended use. This exposed it to certain stimuli, in this case water 
and detergent that become the variables defining the product’s life span. In Delia Dumitrescu 
and Anna Persson’s (2013) Knitted Heat project the textile’s tangible response to touch by 
shrinking or breaking afforded or encouraged interaction with it and the space. The passive 
changes in the burying and weathering experiments were subtler. They could perhaps offer 
proof of the textiles’ life span, in the same way that jewellery can be refined through patina, 
or Hussein Chalayan’s buried dresses tell of not only his story behind the collection, but also 
what the actual garments have been through. Perhaps changeable qualities in textiles could 
invite users for more tangible interaction with their textiles, or even empower them through 
offering possibilities for engagement in changing the textiles. 

 

Conclusion 
The textiles developed during the project are initial explorations into how materials with 
potential for dynamic changes could be embedded into textiles by the designer. The results 
of the project suggest that the choice of material and textile structure both have effects on 
how the textile will change. Depending on the combination of materials, different life spans 
could be embedded into textiles. The inherent qualities of a material can give indications of 
how they might change. Wool’s tendency to felt in contact with moisture and abrasion could 
for example indicate the ability to shrink and become denser in the wash. Likewise, polyvinyl 
alcohol’s ability to dissolve in water could be used to create textiles that are able to break or 
change their structure when they come into contact with water—garments could thus change 
their form when washed at a high temperature. Depending on how the potentially dynamic 
material is combined with a textile construction, different expressions can be created. 

However, the experiments reveal that the way in which the textiles are formed or changed is 
at least as important as their structure. This would suggest that already at the stage of 
making choices about material and construction, the designer should consider the context in 
which the textile will be used. Embedding life spans ranging from fast to slow into textiles 
could help create a better balance between textile and object, when appropriate life spans 
could be considered already during the design process. The textile designer does not just 
estimate how long a life span could be, but actively designs it. For example, a fast fashion 
garment could be given a very short life span, whereas a quality jacket meant for a long term 
use could be designed with qualities that make it age in a graceful way, becoming more 
personal to the wearer. Further research is however needed into how these textiles could 
look like under different stages of their life spans. 

 

EKSIG 2015 TANGIBLE MEANS - Experiential Knowledge of Materials 351



  323322  

References 
Chapman, J. (2005). Emotionally durable design: objects, experiences and empathy. 
London: Earthscan.  
Chapman, J. (2013). Textile Toolbox: Design to reduce the need to consume. Retrieved 
December 16, 2013, from http://www.textiletoolbox.com/posts/design-to-reduce- the-need-
to-consume/  
Dumitrescu, D. (2013). Relational textiles: expressions in space design. Borås: University of 
Borås Studies in Artistic Research 7. 

Fairs, M. (2009). Green design: creative sustainable designs for the twenty- first century. 
Berkeley, Calif.: North Atlantic Books.  

Fletcher, K. (2008). Sustainable fashion and textiles: design journeys. London: Earthscan. 

Golbin, P. (2011). In H.Chalayan & J.Clark, Hussein Chalayan. New York: Rizzoli.  

Landin, H. (2009). Anxiety and trust: and other expressions of interaction. Göteborg: 
Chalmers tekniska högskola. 

Millar, L. (ed.) (2005). 2121: the textile vision of Reiko Sudo and Nuno. Canterbury: 
University College for the Creative Arts.  
Niinimäki, K. (2011). From disposable to sustainable: the complex interplay between design 
and consumption of textiles and clothing. Helsinki: Aalto yliopiston taideteollinen 
korkeakoulu.  

Nisbet, H. (1927). Grammar of Textile Design. New York (N.Y.): Van Nostrand. 

Persson, A. (2013). Exploring textiles as materials for interaction design. Borås: University of 
Borås Studies in Artistic Research 4. 

Worbin, L. (2010). Designing dynamic textile patterns. Borås: University of Borås Studies in 
Artistic Research 1.  

 

Riikka Talman 

The author is a PhD student in textile design at the Smart Textiles Design Lab at the 
University of Borås in Sweden. With a background in textile design she has an interest in 
how tactile qualities are experienced and how different materials can be combined with 
textile structures to create changeable qualities in textiles. Her research focuses on how 
inherent changeable qualities could be embedded into textiles to create textiles that change 
irreversibly over different time spans, and how these changes could look like. 

EKSIG 2015 TANGIBLE MEANS - Experiential Knowledge of Materials 352



  325324  

PUBLICATION II Publication II

Dumitrescu, D., Kooroshnia, M., Landin, H. & Talman, R. (2018). On researching and 

teaching textile design: examples from the Swedish School of Textiles. In Nimkulrat, 

N., Raebild, U. & Piper., A. (eds.) Soft Landing – Cumulus Think Tank, Publication 

No 3 of Cumulus International Association of Universities and Colleges in Art, Design 

and Media. Helsinki: Aalto University School of Arts, Design and Architecture, 2018, 

pp.71–86.



71

Introduction 

Artistic research in design is relatively new compared 

to experimental research in the natural sciences, but 

it has matured a great deal over the last decade. Its 

extensive development has brought new challenges 

to professional practice, and also raised questions 

regarding how knowledge should be imparted in aca-

demia. By examining the field of textile design, which 

has traditionally been taught in close synergy with 

professional practice, we can discern the emergence 

of doctoral theses that have brought not only new 

perspectives to textile practice but also a new role to 

design educators as researchers in academia. One of 

the challenges that design education programs are 

facing, however, relates to creating a better connec-

tion between research and education in order to con-

tinually enrich curricula with innovations in the field, 

so that basic knowledge can interact with novelty. By 

looking closely at research at The Swedish School of 

Textiles (SST) and its interaction with undergraduate 

and postgraduate education, this chapter describes 

how research has informed the development of textile 

design education. 

Teaching Design Rationales: 
Relationship between Basic and 
New Methods in Textile Design

A textile design education program generally devel-

ops students’ artistic skills, craftsmanship, and tech-

nological knowledge, enabling rational design choices 

to be made when creating a surface expression. The 

varied expertise that students gain through a textile 

design education program relates to technical pre-

cision and artistic ingenuity, which are employed in 

order to define a textile’s character and expression 

(cf. Gale & Kaur, 2002; Sinclair, 2015). Accordingly, the 

methodology builds on the fundamental notions of 

color, pattern, and construction, combining the aes-

thetic and functional qualities of a textile as a material 

of design, and yet is dependent on direct manipula-

tion of material (Albers, 2000). The character of yarns 

and geometry of bindings are the two basic elements 

that form the core of the design process that a tex-

tile designer learns to operate the practice, and the 

interplay between these basic elements forms the 

structure that defines the material (the textile). While 

working with surface design implies a continuous 
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process of refinement of, and critical reflection on 

the basics, e.g., motif, repetition, and organization, 

working with colors adds to the complexity of tex-

tile structural thinking (cf. Steed & Stevenson, 2012). 

Having become an established area of research, tex-

tile design has begun to articulate its own perspective 

on the relationship between material experimentation 

and theoretical knowledge through the education of 

future practitioners. This marks a shift from impart-

ing tacit knowledge (Polanyi, 1966) to training design 

rationales (Kunz & Rittel, 1970) and, even more impor-

tantly, from teaching textile design to teaching tex-

tile design thinking. This journey will be exemplified 

below through the development of research in smart 

textiles at SST. 

Smart Textiles

Throughout human history, textiles have been 

designed to exhibit one expression—a static state that 

gradually changes as a result of use and the organic 

passage of time. However, smart textiles have intro-

duced a new, temporal perspective on design, and 

today we design smart textiles with an awareness of 

time. We design textiles that can change from one 

expression to another, challenging our established 

views of textiles’ character, functionality, and use. 

Accordingly, textile design practice has been broad-

ened from working with pattern design, colors, struc-

tures, and finishes to programming and working with 

digital processes and methods, all in order to design 

complex surface interactions (Quinn, 2010; Kettley, 

2016). The ubiquity of digital technology and the 

development of new materials have expanded the 

textile design field by offering a new paradigm of 

smart textiles. This has resulted in a shift in materials 

from static state materials to dynamic ones that are 

programmed to transform in response to stimuli. As 

a research paradigm, smart textiles have introduced 

a new perspective on textiles at the intersection of 

textile design, computational design, and materials 

technology. Research in smart textiles has challenged 

conventional views regarding textile methods and 

artifacts. It has expanded the textile design field with 

new notions such as temporality, dynamic forms, and 

acts of use. Research results in this field have led to an 

improved understanding of the expressive possibili-

ties of these materials, as well as of the methods and 

basic variables to be used in design. 

At the same time, it has been clear that further 

development of appropriate models to link theory 

and practice is needed for teaching textile design as 

a new academic discipline. Just as theory and prac-

tice cannot be separated in design, the development 

of education programs cannot be separated from 

the development of research. Teaching methods are 

needed that deal with the foundation of textile design 

in relation to newly developed knowledge, where the 

materiality of the practice and its practical experimen-

tal perspective are central. 

On Teaching Smart Textiles

At SST, which is located at the heart of Sweden’s his-

toric textile-industry cluster, education has always 

been in close contact with industry. The Bauhaus 

model, with its focus on the relationship between art 

and technology, has been very close to the way the 

curriculum is organized and the way teaching models 

are applied (cf. Wingler, 1976; Itten, 1975; Albers, 1975). 

The smart textiles research program at SST investi-

gates programmable materials, computational tech-

nology, and textile aesthetics, proposing new ways 

of approaching the foundational definitions of textile 

design through exploration of patterns, colors, struc-

tures, techniques, and expressions. Utilizing multidis-

ciplinary perspectives, including interaction design, 

product design, and architecture, the program ena-

bles the exploration of new approaches using smart 

colors or light as design materials, a better use of con-

ductivity as a material property, and new possibilities 

afforded by digital technology. SST focuses on ways 

of teaching new materials from the perspective of 

the aesthetics of textile interaction design, in terms 

of what a textile can do. The aesthetics of the inter-

action is determined by what can be achieved with 

the textile in relation to how changes of expression 

can be linked to user interaction (Hallnäs & Redström, 

2006; 2008). 

This perspective on teaching smart textiles has 

been articulated in relation to ongoing and completed 

research conducted in the Smart Textiles Design Lab 

that, together with the Smart Textiles Technology 

Lab and the Prototype Factory, constitutes the Smart 

Textiles Initiative, funded by Vinnova, the Swedish 

Agency for Innovation Systems. It has resulted in 

the development of methodological frameworks for 

working with new materials that move from a tech-

nological to an aesthetic perspective. For example, 

Worbin (2010) explores different textile techniques 

and ways of embedding new materials, enriching the 

foundational definitions of textile design by creating 

smart textiles that can change expression—from A to 

B—through programming and/or direct interaction. 
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(Figure 7.1, left); and (b) using dynamic qualities to 

create a relatively static expression (Figure 7.1, top 

& bottom right). Most students choose the latter, 

probably because they are used to creating static 

expressions. Their choices also depend on whether 

the change in the material could only be triggered 

once, such as shrinking, or if it could go back and 

forth between several stages, such as color changing. 

Many students find it difficult to work with materi-

als that they cannot control. For instance, the exact 

shrinkage of Pemotex in response to heat is difficult 

to control, and the effect of PVA melting and shrinking 

in response to water depends on how water spreads 

on the material and how the material absorbs water. 

The less successful experiments include those 

where students control the material’s behaviors or 

go against them, instead of “listening” to the mate-

rial in order to understand its qualities. The success-

ful experiments are those where students attempt to 

understand the qualities and behaviors of the material 

and to use them in the design processes. The process 

of gaining this understanding is usually preceded by 

a period of experimentation that helps to solve issues 

relating to scale, color, texture, and tactility. The stu-

dents then combine different materials to create new 

expressions that take advantage of the materials’ 

qualities. 

Working with these changes as design varia-

bles can open up new ways of sketching and design-

ing textile expressions or new textile applications. In 

essence, the method builds on learning to “listen,” 

to observe and understand how different materials 

behave through systematic, hands-on experimenta-

tion, or conversing “with the materials of a situation,” 

according to Schön (2003, p. 78). This makes it appli-

cable to other design contexts, where knowledge and 

understanding of the interactions between material, 

construction, color, and scale are necessary to explore 

forms and to create new expressions. In this way, stu-

dents must surrender control over knowing the result 

in advance and instead are encouraged to trust the 

materials and adopt an experimental way of working. 

Figure 7.1. Examples of students’ explorations of pattern, texture, and fabric behavior through  

transformable materials. Photograph: Riikka Talman.
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Kooroshnia (2017) develops a new system for work-

ing with smart colors for printing complex multiple 

patterns—her experimental work is situated at the 

intersection of fields other than textile design, such as 

graphic design and interaction design. Landin (2009) 

explores the notion of the aesthetics of interaction 

when it comes to form and expression with the pos-

sibilities enabled by dynamic materials and their pro-

grammable behavior. This research has partly resulted 

in methods and exercises that can be used in teaching 

that aims to develop better sensibility to the aesthet-

ics of interaction in a design process. Furthermore, 

based on a multidisciplinary perspective, Persson 

(2013), Nilsson (2015), and Dumitrescu (2013) exam-

ine how basic variables and textile design thinking can 

affect other fields of design, such as product design 

and architecture. This knowledge gained from prac-

tice-based experimental work performed at the Smart 

Textiles Design Lab has influenced the development 

of new methods for teaching textiles. Accordingly, the 

teaching of smart textiles can focus on material explo-

ration in relation to programming (Kobakant, n.d.) or 

on scenarios of using smart textiles as materials to/for 

design (Nilsson, 2016; Dumitrescu, Nilsson, Persson, & 

Worbin, 2014; Talman, 2016). 

The new perspectives of dynamic qualities and 

interaction possibilities have influenced design educa-

tion regardless of the textile materials or techniques 

used. Today, our knowledge of the design of smart 

textiles is embedded throughout education, featuring 

as elements in basic courses, technical courses, and 

independent workshops. From introductory courses 

in printing or textile materials to conceptual work-

shops on the aesthetics of dynamic and interactive 

forms, nuanced approaches to smart textiles have 

enriched the conventional format of teaching textiles. 

The next sections will illustrate three new per-

spectives on textile design education that have been 

performed through different categories of workshops: 

materials, colors, and forms. These workshops demon-

strate how new knowledge generated from research 

can be transferred to students and integrated in the 

textile design curriculum, thus creating a continuous 

synergy between ongoing research in the Lab and 

education through textile thinking. Subsequently, tex-

tile thinking in education to which these perspectives 

have contributed will be illustrated through examples 

of student work. 

A New Perspective  
on Teaching Materials: 

Transformable Materials

Bringing smart materials into the world of textile and 

fashion education can act as a way of introducing 

students to new materials and methods. A one-week 

workshop for second-year textile and fashion design 

undergraduate students is discussed here to demon-

strate how students are introduced to an alternative 

method for designing textile expressions. The main 

learning objective of the workshop is to introduce the 

students to new materials and design methods involv-

ing transformable materials.

As a result of the research projects mentioned 

in the previous section, the Design Lab has devel-

oped the Smart Textiles Sample Collection, featuring 

materials with a variety of transformable qualities 

that are used by the university’s programs and pri-

vate sector workshops. Fabrics and yarns from the 

collection are used as raw material in the workshop. 

The collection spans a range of samples of transform-

able qualities that react to everyday stimuli, such as 

heat or moisture, including structural change (dif-

ferent characters of smart yarns in knitted or woven 

textiles) or surface change (different types of smart 

colors on printed textiles). The samples in the collec-

tion include, for example, knits that shrink and break 

in response to heat (Dumitrescu, et al., 2014), mono-

chromatic and patterned fabrics that change color in 

response to heating or cooling (Kooroshnia, 2017), 

and knits that break, melt, and expand in response to 

moisture (Talman, 2015). Both irreversible (e.g., shrink-

ing or melting) and reversible (e.g., color changing) 

materials are featured in the collection to provide a 

broad and varied range of transformable qualities that 

can be further explored. What these materials have 

in common is their openness to possible uses and 

functions as well as expressions and states that make 

them suitable for various applications. Together, the 

materials provide students with an easily approacha-

ble, hands-on way of experiencing dynamic qualities 

in textiles.

The brief for the workshop is to create textile 

expressions using materials that react to water or heat 

in order to explore how changeable expressions and 

forms can be designed using materials that have trans-

formable qualities. After an introduction to the mate-

rials, the students are encouraged to freely explore all 

materials before choosing one for further exploration. 

Usually, the students’ explorations take two distinc-

tive approaches: (a) creating changeable expressions 
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Figure 7.2. Color swatches made using static textile pigment paste demonstrates the varying colors  

of thermochromic inks at different temperatures. Photograph: Marjan Kooroshnia.

Figure 7.3. Left: The three-dimensional color system—a pyramid with a triangular base consisting  

of fully saturated colors. It is based on the three primary colors (yellow, red, and blue), and features 

colorless acrylic-based extender (é) at the very top of the pyramid. Right: The color transition on 

the lateral faces of the pyramid. Illustration: Marjan Kooroshnia.
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A New Perspective on Teaching 
Colors: Changeable Colors

In the last decades of the 20th century, thermochromic 

colors—which reversibly change color in response to 

temperature fluctuations—have been introduced to 

and included in the color palettes of designers, par-

ticularly textile designers. For instance, Disobedient 

Tablecloths (Worbin, 2006) illustrates how a thermo-

chromic printed tablecloth reacts to the warmth of 

a cup of hot water. The color disappears in the area 

on which the hot cup is placed. There are two major 

types of thermochromic ink: liquid crystal and leuco 

dyes. The former provides a continuously changing 

spectrum of colors when exposed to temperature 

changes, while leuco dye-based thermochromic inks 

are colored in a non-heated state and become color-

less or have a very light color in a heated state (cf. 

Bamfield & Hutchings, 2010). They are usually blended 

with other (static) pigments, allowing the mixture to 

change from one color to another.

In the basic printing course, a three-day work-

shop for first- and second-cycle students utilizes a 

new system to describe changeable colors employing 

the pedagogical tools of color swatches and thermo-

chromic color transition sample spectra developed in 

Kooroshnia’s (2017) Ph.D. research (see Figures 7.2 & 

7.3). Following the notion of learning by doing (Drew, 

2004) and a motivational framework (Wlodkowaski, 

1999), the workshop helps students better understand 

the behavior of thermochromic inks at various tem-

peratures. The first task of the workshop is to work 

with thermochromic inks with the activation temper-

ature of 32°C. The students are instructed to choose 

one warm- and one cold-color ink. They overprint one 

of the patterns (frame No. 1) with the chosen cold 

color and the other (frame No. 2) with the chosen 

warm color. Afterwards, they heat up their printed 

fabrics to above 32°C using a hair dryer or a heating 

pad, in order to examine and observe color changing 

effects. The second task is to mix the chosen inks with 

a static textile pigment paste. The students are then 

instructed to mix their chosen inks with a static textile 

pigment printing paste, of their choice, and overprint 

the pattern of the frame No. 1 with the mixture of the 

cold color ink and the pattern of frame No. 2 with the 

mixture of the warm color ink.

Printed swatches made using textile pigment 

printing pastes and tasks that involve using them 

make up the core of the teaching materials. The 

swatches demonstrate the color transitions of ther-

mochromic inks at different temperatures, while the 

tasks give students an opportunity to develop their 

understanding of the design potentials of thermo-

chromic inks through experimentation and individual 

exploration. Some of these are structured while others 

are more free, assisting in the development of stu-

dents’ ability to design dynamic surface patterns.

The design outcomes of the workshop are eval-

uated based on how they demonstrate the students’ 

ability to integrate their new knowledge, the behavior 

of thermochromic inks, with their previously gained 

knowledge of static pigments into the design of sur-

face patterns. The workshop allows them to work 

on their ideas using their design skills, and assists in 

developing their ability to predict the consequences 

of their design decisions in terms of where and how 

to apply dynamic colors in relation to other design 

elements on dynamic surface patterns. The workshop 

therefore introduces complexity in pattern design, 

regardless of the use of dynamic materials. 

A New Perspective  
on Teaching Forms: Dynamic and 

Interactive Forms

Bells’ definition of artworks as “significant forms” 

refers to an organized set of variables, e.g., an arrange-

ment of shapes, colors, volumes, and textures (c.f. 

Carroll, 2008, p. 109). Here materials are seen from the 

perspective of forms. Thus, one of the central design 

variables introduced by smart materials—seen as 

forms—is time. This concept is addressed through the 

dynamic form workshop for the third-cycle students 

working on their research concerning transformable 

materials. The workshop aims to introduce forms and 

materials as fundamentals for designing time-based 

expressions. The workshop uses both DeLanda’s 

(2015) theoretical perspective on new material-

ity and Dumitrescu’s (2016) methods for working 

with time-based materials (not necessary textiles). 

Participants examine the possible variables and attrib-

utes of dynamic forms, including change, speed, and 

sequencing, through the discussion of exemplary 

works from the fields of graphic, product, interior, 

and architectural design. They directly explore the 

transformation stages of dynamic forms, examining 

the properties and capacities of transformable mate-

rials that are central to their research. By investigat-

ing actions that can result in the structure or surface 

of a transforming material, each participant is able 

to document the process, select preferred stages/

frames of the material’s transformation, relate them 

through new time intervals, and extract quintessential 

On Researching and Teaching Textile Design: Examples at The Swedish School of Textiles



  333332  

78

SOFT LANDING

Figure 7.4. Svenja Keune’s exploration of seeds as dynamic materials for textile design.  

Photograph: Svenja Keune.
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variables in order to define new dynamic forms. The 

doctoral students select materials that are central to 

their research, using the workshop as a means for 

closely investigating the properties and design pos-

sibilities of materials, as well as finding new methods 

of illustrating these possibilities both practically and 

methodologically. The workshop enables the partici-

pants to find the most suitable way for their research 

to document and analyze the dynamic character of 

the materials that they are designing. 

It is worth mentioning two student explora-

tions during the workshop in 2016. First, a partici-

pant explored the stages of transformation of kinetic 

yarns. Using photography and video recordings, she 

documented the material’s different states of change 

when an external stimulus was applied. The analysis 

of docu mentation enabled the participant to discover 

unexpected transformations and quintessential design 

variables that defined form. It also helped her to select 

preferred states, which can be used later to design a 

new transformation scenario. Second, another partici-

pant explored seeds as materials for textile design, 

photographing changes in textile expression due to 

the transformation of the materials that depends on 

different variables, e.g., time, water, light, and ways of 

embedding seeds in the structure (Figure 7.4). 

Another workshop addresses interactive forms. 

It aims to enable reflection upon what new transform-

able materials, changeable colors, and dynamic forms 

could offer and mean to people. The workshop explores 

the use of writing to examine certain interaction 

issues (as distinct from using writing solely for docu-

mentation). Writing as a way of thinking and experi-

menting is introduced to doctoral students working 

on projects concerning future living with adaptive and 

responsive interior design. They are guided to try out 

thoughts on how the relationship between people and 

interiors can be designed. Writing is used as a tool for 

considering design possibilities and for exemplifying 

the differences between interaction scenarios that 

describe expected user experiences and interaction 

scenarios that build up perspectives on the relation-

ships between people, objects, and spaces. The par-

ticipants are able to explore different perspectives of 

what a dynamic design can add to people’s lives. Such 

a workshop opens up questions regarding aesthetics 

within interaction that can be difficult to see, explore, 

and exemplify in other ways. 

Reflections on the Present  
and Recommendations for 

Further Development of Textile 
Design Education 

Research in smart textiles has opened up new teach-

ing methods about materials, colors, and forms. By 

aligning the knowledge taught in higher education 

with contemporary research paradigms in the field, 

it has proposed new variables and ways of design-

ing surfaces. Modules on traditional yarns of static 

qualities, e.g., cotton, linen, and polyester, have been 

supplemented with new ones on transformable mate-

rials, e.g., conductive, heat reactive, and water-sol-

uble. Established methods of teaching color theory 

have been enriched with a new system to describe 

dynamic colors based on the behavior of the leuco 

dye-based thermochromic inks. Traditional form and 

material workshops with a focus on static expressions 

have been complemented with interaction design 

perspectives: the exploration of time as a design var-

iable and the role of a dynamic design in people’s 

lives. 

Research at SST has provided a broadened view 

on what textile design is now and what it could be in 

the future, and on what basic knowledge is appropri-

ate for students, who commit to the changing field, to 

be able to create its future. This perspective is more 

general than textile design with smart materials and 

independent of technical textiles. It has led to critical 

reflection on the basic notions of textile design, e.g., 

pattern, form, construction, texture, and color. Such 

reflection on the field has arisen from experimental 

research work, and from challenges and discoveries 

when working with unknown materials with change-

able behaviors.

Examples of work by the first- and second-cycle 

students illustrate how the synergy between research 

and teaching can sustain ways in which students 

develop the field of textile design. For instance, works 

exploring how textile properties can be introduced to 

other materials by using certain techniques (Figures 

7.5 & 7.6), or works demonstrating how new design 

expressions can be created using certain materials 

and structural manipulations of conventional textile 

techniques (Figures 7.7 & 7.8). 

The foundation of how we perceive, read, and 

navigate the field has also been questioned through 

the engagement of the expressive possibilities of a 

technique (Figure 7.9) or through research into color 

and material interaction that generates new sustaina-

ble methods for designing textiles (Figure 7.10).

On Researching and Teaching Textile Design: Examples at The Swedish School of Textiles
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Figure 7.5. It’s Now or Näver by Emma Dahlqvist explores ways of applying textile design thinking to birch 

bark craft, using the technique of laser cutting. Photograph: Emma Dahlqvist and Jan Berg.
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Figure 7.6. Dear Dear by Hanna Bredberg looks at food consumption through textile aesthetics and proposes 

a way of taking care of materials which are commonly looked upon as disposals. Photograph: Jan Berg.  
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Figure 7.7. Inspired by the Japanese wood joinery, Giving 

Textiles Form by Lovisa Norsell develops a coating technique for 

challenging the soft character of textiles. Photograph: Jan Berg.   
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Figure 7.8. Lily Adamsdottir’s Tension Attention! Dancing 

Embroidery! brings a new perspective on embroidery. The thread 

tension enables playfulness when interacting with the elements 

on the top surface. Photograph: Jan Berg.
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Figure 7.10. Dyeing Diversity by Emy-Rut Voksepp explores the expressive potential of plant dyeing  

and proposes a method for working with biodegradable materials and weaving. Photograph:  

Emy-Rut Voksepp and Jan Berg. 
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The development of the textile field is main-

tained by keeping an active critical view of what tex-

tile design is. This can be done with the help of other 

fields, such as architecture, interaction design, product  

design, fine arts, and computer science. This pers-

pective corresponds to Findeli’s (2001) revisit of the 

three models of design education—Bauhaus, Chicago 

Institute of Design, and Ulm School of Design—that 

recommends design education to intertwine the fol-

lowing fundamental aspects: art, technology, and 

human and social science. 

Maybe a complementary element is needed in 

conjunction with the existing experimental material 

approach when teaching design, as Findeli suggests? 

One way is to look at textiles outside their novel mate-

riality and design methods, and to complement them 

with a relational perspective—textiles as fundamental 

materials for living. As relational aesthetics reverse the 

idea of passive matter and artifacts, which has been 

traditionally dominant in the artistic fields, and as we 

reconsider our relationships with the things around 

us (Bourriaud, 2002; Ladyman, 2015) we need to add 

new perspectives on teaching textiles as well. This 

could be done by looking at the three perspectives 

of teaching textiles proposed in this chapter—trans-

formable materials, changeable colors, and dynamic 

and interactive forms—from an experiential viewpoint 

of the everyday use of textiles. By doing so, the teach-

ing of textile design may need to introduce a method 

of changing typical situations into unexpected ones, 

stimulating reflections on everyday living, on ways of 

expressing identity, and on ways of looking at materi-

als permanence and/or consumption. 

On Researching and Teaching Textile Design: Examples at The Swedish School of Textiles

Figure 7.9. The Clothes I Live In by Maike Schultz uses weaving to capture the dynamic expressions  

of wearing. Photograph: Maike Schultz.
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Designing for Multiple
Expressions:
Questioning
Permanence as a
Sign of Quality
in Textiles

Riikka Talman

ABSTRACT Developing alternative materials and
methods of production and recycling is crucial to achiev-
ing more sustainable, circular textile practices. In addition
to these, a shift in how textiles are perceived may well
be needed. Textile practice has long sought to create
textiles that, regardless of their material or post-produc-
tion treatments do not subsequently change in expres-
sion, eliminating the fading of colors and wearing out of
materials. Questioning this in order to evaluate quality,
durability, and aesthetics may open up for greater
circularity through extending product lifetimes, and
allowing change to be embraced rather than delaying
the signs of aging. This paper presents work that
challenges the notion of permanence as a sign of quality
in textiles by shifting the focus towards creating textiles
that are capable of developing different visual expres-
sions over time. By examining the natural changes in
color of materials in plain and Jacquard-patterned woven
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becomes less aesthetically pleasing and its value decreases.
Specific types of textile product, such as aprons, sportswear and
doormats, act as sacrificial layers that become stained. On other
textiles and garments, however, stains are unwanted, marking the
fabric and the wearer and recording the passage of time (Sorkin
2000: 77, 79).

When the durability of textiles is tested, this is performed with
regard to retaining the appearance for as long as possible. Testing
usually aims to ascertain how much use and exposure to the ele-
ments a textile can endure before its colors and materials begin to
show signs of wearing out. Textiles, yarns, and fibers are tested
according to various standards; the Martindale abrasion test, for
example, measures the durability of fabrics against abrasion. Here, a
fabric is abraded by circular movements for a fixed amount of time,
after which changes in the textile are measured (Bilisik and Yolacan
2009: 1625). The less material the fabric loses during the test the
higher its test score, and a new textile with an intact surface serves
as the starting point for measurement, deviations from which are
considered to constitute a decrease in quality. Testing methods are
developed in order to improve their accuracy and repeatability and
eliminate variation (Pegram 2000: 90), i.e. to produce standardized,
homogeneous textiles that can be produced as exact copies of one
another. This procedure is often called “quality control,” a term which
hints at how quality in textiles is perceived.

The tests do not, however, take into consideration the form that
the changes that occur in textiles take. A thin single-jersey t-shirt
may lose its shape, while stiff leather becomes softer and acquires
a better fit with use. Social norms also influence the ways in which
the aging of different materials is experienced (Chapman 2005: 133);
some, such as thick leather, improve, while others, such as acrylic,
lose value with time and use.

Chapman (2005: 130) argues that design should challenge the
norm of new, intact products, and proposes an approach to design-
ing artifacts in which retailing is seen as the starting point of a
product’s life. He further argues that textiles and apparel that are
designed to improve with age could create emotional value and
encourage people to look after them for longer. This in turn would set
several requirements for materials, and how they behave as they
age. Consider a pair of jeans: through extensive use, the wearer
molds them as their own, creating an individual pattern, and so wear
and tear is something that adds to the product’s value and narrative
(Chapman 2005: 116; Townsend 2011: 93, 98, 105). In denim, this
quality has proven so popular that designers have added various
treatments to the fabric to achieve similar effects during production
(Townsend 2011: 92–93, 105). Discussing quality in terms of how
objects age could open up for broader interpretations of what consti-
tutes a finished textile or product, and question when the lifespan of
an object has come to an end (Chapman 2012).
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textiles made of several materials, this paper explores the possi-
bilities relating to designing textile patterns that can evolve in mul-
tiple different directions from one starting point. Textiles woven
with a combination of different materials were used in various
contexts, including outdoors, in order to explore how the materi-
als reacted. The resulting color combinations varied depending on
what conditions the material was exposed to, suggesting a more
versatile view on the aesthetics of textiles. The results indicate
that various colors, patterns, and structures can be achieved
from one starting point, indicating that an alternative definition for
quality, based on the aesthetics of change, may be viable. The
natural aging of materials could be used in design processes to
embed evolving patterns, colors, or structures in textiles, recon-
necting textile products with the inherent, changeable qualities
of materials.

KEYWORDS: Textile design, sustainability, circularity, lifespan,
evolving patterns, material

Introduction
Quality in textiles

In relation to the search for sustainable alternatives in the field of tex-
tiles and fashion, there is a growing interest in circular design practices
(Goldsworthy 2017: S1963; Moorhouse and Moorhouse 2017: S1949;
Smith, Baille, and McHattie 2017: S1938–S1939). Finding alternative
materials and methods for production and recycling is crucial to
developing more circular textile practices. Initiatives that have explored
biological processes such as growing building materials or textiles
(Congdon 2014: 2–3; MycoWorks 2017; Ecovative 2018; TextileBio
2018) and natural dyeing methods (Worbin 2013: 4; Lundin 2014: 7),
along with alternatives to cotton and polyester such as paper yarn,
hemp, bio-plastics, and recycled polyester, have broadened the range
of traditional materials and production and recycling processes.

Yet, in addition to these improvements, changes in how textiles are
designed and appreciated may be necessary in order to open up
a more holistic perspective on circularity. Here we note an opportunity
to make a change in how textiles are designed in order to move from
a current focus on delaying signs of aging to embracing them, thus
supporting greater circularity through extending product lifetimes.

Textile practice has long sought to create textiles that, regardless
of their material, are dyed during production and do not subsequently
change in expression, eliminating the fading of colors and wearing
out of materials. Here, the textile is seen as something static.
However, and as with everything else in nature, textiles have a life-
span during which they undergo changes: they wear out and change
as a result of use and time. When a textile starts showing signs
of wear and tear—pilling, fading, or becoming misshapen—it often
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(see Figure 1) (Berzowska 2005: 69–72; Worbin 2010: 37–42;
Jansen 2015: 27; Kooroshnia 2015: 17–19; Taylor & Robertson
2016). Other textiles, however, exhibit more irreversible changes in
color or construction in reaction to various stimuli, such as light, heat,
touch, or information (see Figure 1) (Worbin 2010: 37–42, 2013: 4;
Dumitrescu 2013: 5; Persson 2013: 5; Landin 2009: 147–164). In the
case of irreversible changes, unlike with reversible ones, the expres-
sion does not return to its starting point, but builds up with time and
use (Worbin 2010: 49).

In line with the work of Halln€as and Redstr€om (2002: 113),
“expression” is used in this paper as a fundamental notion that refers
to the ways in which texture, color, structure, shape, etc. create an
overall impression. The changes in expression described in this paper
are the result of various changes; in some cases what is discussed is
a change in the pattern of the textile, in others it is a change in the
color of a pattern wherein the pattern itself can be said to be
unchanged. It should also be noted that what we refer to as a
textile’s “aesthetics” do not necessarily change when the expression
changes, although in some instances this is the case. This relates to
the fact that “aesthetics” is a relatively broad term that differentiates
between various textile styles and genres. “Expression” has therefore
been chosen as a notion that refers to the sum of all of the aspects
of a textile. When compared to ‘appearance’ or ‘aesthetics’,
‘expression’ does not relate to surroundings, contexts, viewers, etc.;
the expression is what it is, regardless of the circumstances, and is
dependent solely on the inherent qualities of the textile itself.

Regardless of whether or not a project’s focus is on textiles that
change between one or several states, a textile’s expression usually

Figure 1
Irreversible and reversible changes in textiles. (a and b) Hanna Landin’s, Anna
Persson’s and Linda Worbin’s work “the Burning Tablecloth”, a tablecloth that

reacts to incoming phone calls by burn marks, explores a non-chemical burnout
technique as an alternative way of presenting information (photos: Linda Worbin).

(c) Marjan Kooroshnia’s work explores the design properties of heat reactive, color
changing thermochromic inks to create dynamic surface patterns in textiles (photo:

Jan Berg and Marjan Kooroshnia).
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Wear and tear

Using wear and tear as a design expression is not new in the field of
textiles and fashion. The most typical example of the wear-and tear-
aesthetic is perhaps jeans. Even Japanese wabi-sabi, kintsugi, and
boro boro, however, which originated out of necessity, praise the
imperfection of things and the value of taking care of and repairing
them. Chalayan explores the wear and tear of materials in his collec-
tions “The Tangent Flows” and “Cartesia,” accelerating the aging pro-
cess of garments by covering them with iron filings and burying them
for several weeks (Golbin 2011: 29–33). The resulting garments have
a rich texture and pattern, combining rusty tones and decomposed
areas. The research presented in this paper used a similar method,
with time and relatively extreme outdoor conditions creating changes
in the expressions of textiles. Margiela (Luna 2009: 155), Worbin
(2013: 4), Landin et al. (2008: 139), Storey, Ryan, and Belford (UAL
Research Online 2016), and many others have explored different
aspects of degradation, wear and tear, and time in their work.

How different materials age, wear out, and respond differently to
treatments, all is influencing the ways in which textiles change. In the
experiments presented in this paper, wear and tear is approached as
a method of exploring the design of multiple expressions from one
starting point. This was undertaken using the materials’ inherent qual-
ities, in combination with textile structures and exposure of the tex-
tiles to a range of stimuli. There is great potential in this way of
thinking about textile materials; considering them to be objects that
can change and be further formed by time or use.

Instead of trying to delay the inevitable signs of wear and tear in
textiles, these could be consciously included in the design process,
shifting the focus away from the static textile and onto creating evolv-
ing textile expressions. This suggests incorporating at least some
consideration of time, use, and maintenance in the design process,
in relation to how these might influence the textile’s appearance.
Considering these aspects at the stage at which choices are made
regarding the materials and construction of a textile, opens up oppor-
tunities for the creation of textiles with the inherent capability to
change their expression over various time spans, and might enable
better matching the material’s lifespan with that of the textile product
(Talman 2015: 351). Although this approach makes wear and tear
part of the textile’s expression, change is mainly addressed from an
aesthetic perspective, and does not cover all other aspects of a
textile’s full lifecycle, or lifecycles.

Designing changeable textile expressions

Textiles can undergo changes in various ways: they can be visual
(e.g. changes in color), tactile (e.g. changes in texture), or both, and
can be reversible or irreversible. Both color-changing and light-emitting
textiles have the ability to go back and forth between different states
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achieving many expressions from one starting point, challenging how
aging and use are valued.

Experiments
Experiments involving different treatments were performed in order to
achieve visual changes in textiles and divided into two groups: creat-
ing textile patterns through degradation (burial underground and
immersion in salt water) and creating textile patterns through use
(prototypes used in different contexts). The first named aimed to dye
patterns through degradation and the latter to add color and/or
patterns to textiles through use. The aim of all of the experiments
was to explore the possibilities of creating variation in different
textiles. Table 1 shows an overview of the experiments with the left
hand column indicating the material (marked from A to K), and top
column indicating the treatment of the material (numbered from 1 to

Figure 2
Various changes in expression. (a, b, and c) prototypes before and after use. (d, e,
f, and g) plain samples after 2 months underwater and buried underground. (h) dif-
ferent color schemes placed in opposition to each other in the triangle pattern after

two different treatments.
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changes in a linear manner: one or several steps unfold from one
starting point and the changes always occur in the same order.
Relatively little research has been conducted regarding expressions
that can develop in multiple directions from one starting point.
However, Worbin (2013: 4) has explored evolving textile expressions
through colors that change over time, in opposition to the traditional
preconception of color as something permanent. By plant-dyeing
fabrics without mordant, she explores and documents colors that
gradually and irreversibly change over time (2013: 4), opening up for
textiles aging in several ways depending on where they are placed.

Several other designers and scholars have used either materials
that are capable of changing or changes that take place in materials
over time as a method of creating evolving expressions. Whiting, in
collaboration with Puma, developed a white sneaker with an emerg-
ing pattern that becomes visible as the shoe becomes dirty, exploring
an “evolving narrative experience” (Chapman 2012). Wood has
worked with the concept of an emerging pattern with Stain; cups
with a pattern of glazed and non-glazed areas that, through use,
change in color, showing the user’s individual coffee- or tea-drinking
habits (University of Brighton 2013). Dixon works with the same
theme albeit from a more everyday, commercial perspective with
the Eco Ware tableware, which is made out of biodegradable plastic.
As the dishes are used their material wears out, gradually changing
from shiny to dull until they can eventually be composted (Fairs 2009:
61). These examples set evolving patterns in the context of an
object’s lifespan, considering the form, choice of material, and type
of change in relation to the intended – or probable – use.

Fletcher (2014: 192–193, 201–202) and Goldsworthy (2017:
S1961–S1963) propose that garments could have lifespans ranging
from long to short depending on their purpose, challenging the notion
of garments as something permanent. Creating these lifespans would
mean matching the material of the garment to its intended use.
Short-lived, trend-sensitive garments could be made of recyclable
materials, while those that are to be used for a long time would
improve with age (Fletcher 2014: 206–214; Goldsworthy 2017:
S1961–S1963). Considering a textile’s expression to be something
that evolves throughout its lifespan would, as Chapman (2005:
133–134) suggests, make the purchase of a new textile only the first
step in its life. This could encourage a more personal relationship
with textiles and garments, preventing early disposal (Chapman
2005: 116; Niinim€aki 2011: 84). Whiting’s sneakers, Wood’s cups,
and Dixon’s Eco Ware all turn wear and tear into something that
customizes and improves a product, instead of it losing value.

Rather than designing static expressions, different lifespans could
be embedded in textiles through choice of material and construction,
enabling the designer to tailor lifespans to both the object and textile
it is made of (Talman 2015: 351). Considering how a textile’s expres-
sion can evolve during the design process opens up the possibility of
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14). Several of the experiments combine multiple materials in one
treatment, and so will be referred to with several letters. An apron
(treatment number 5) combining two materials (B – plain satin in thin
paper yarn and cotton, and J – triangle pattern combining paper,
polyester, wool, copper and cotton) will be referred to in the text
as B5–J5.

The design of textile samples

To compare how different materials change, two cellulose-based
(paper and linen) yarns, one protein-based (wool) yarn, and one syn-
thetic (polyester) yarn were investigated. Wool is a material that gen-
erally dyes well, and paper yarn is more easily colored than cotton.
Uncoated copper wire was also added to some of the samples due
to its strong reactivity to air and moisture. All of the samples were
woven using a Jacquard loom, with cotton as the warp. In order to
place the focus on the different expressions that can be achieved
using changes in materials, only white yarns were used.

A series of five plain fabrics (A–E) and two Jacquard-patterned
fabrics in different material combinations (F–K) were woven using
these materials (see Table 1). A weft-dominated satin binding was
used for the plain samples to create a smooth, plain surface that
acted as a white canvas for the colors and patterns created by the
environment. Basic geometrical elements (triangles and circles) were
chosen as the elements of the Jacquard patterns, and combined
several materials in order to highlight how each material changed.
The circle-patterned Samples F-I (Figure 3) consisted of two elements
with textured surfaces—a circle and its background—each of which
combined two materials. The material combinations used to create
the samples featuring the circle pattern included paper and linen (F),
paper and polyester (G), paper and wool (H), and polyester and wool
(I). The triangle-pattern Samples J–K (Figures 4, 5) combined paper,
wool, polyester in a double-faced weft-dominant satin, with each
material forming one element of the pattern with an additional weft of
either copper (J) or cotton (K).

Creating textile patterns through degradation

The first experiment explored colors and pattern variation based on
how different materials degrade in nature. To this end, woven textiles
were either buried underground or immersed in salt water for 2
months. These two relatively extreme outdoor environments were
chosen over more common contexts for outdoor textiles so as to
highlight the differences between materials.

Samples A1–J1 (Table 1), which measured 30� 30 cm, were
buried in approximately 20 cm of moist soil near the Baltic Sea.
A similar group of samples (A2–J2; Table 1) was immersed in the
brackish water of the Baltic Sea, such that they touched the bottom
at a depth of roughly 160 cm. In addition, three samples of the
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the samples were washed in fresh water without detergent and left to
dry. The colors of all of the samples changed after this—the colors of
the patterned samples in particular became stronger making the
pattern stand out more clearly, likely due to the fact that the samples
came into contact with air. Wool in particular took on a green shade.

Creating textile patterns through use

The second experimental series explored colors and pattern variation
in relation to how different materials wear and become discolored
and dirty through use. Five categories of everyday uses of textiles
were chosen, and a total of eight prototypes were made using

Figure 4
The differing expressions of the same section of the triangle pattern. Before (a),

after two months underwater, unwashed (b), and washed (c). Before (d), after two
months underground, unwashed (e), and washed (f).
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triangle-patterned Sample K3 were placed in a bucket filled with
water and iron powder for 1, 2 and 3 days, respectively. Dyeing with
oxidized iron is a well-known technique that requires no additional
pigments or fixing of the color, and so was explored to ascertain how
the pattern was transformed when parts of it absorbed color
differently.

After 2 months underground and in salt water, the samples
were recovered for analysis. All had changed in appearance, with the
materials reacting differently to the conditions. The buried samples
generally had stronger, muted, and more even colors, whereas the
salt–water samples had uneven, lighter colors (Figures 2–4). All of

Figure 3
The differing expressions of the same section of the buried circle pattern. Before
(a), after two months underwater, unwashed (b), and washed (c). Before (d), after
two months underground, unwashed (e), and washed (f). The paper yarn in the

buried sample was dyed brown, while the underwater sample was not.
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Results
Following the period of use and/or exposure to an outdoor environ-
ment, all of the textiles evinced some form of wear and tear. They
were colored, stained and in some cases even degraded. Each had
been dyed differently based on the environment in and use to which
they had been placed. The colors of the samples may well continue
to change, strengthen or fade with time.

The changes in the buried and immersed samples

Samples A1–J1, A2–J2, and K3 (Table 1) changed from white to col-
ored, and the patterned Samples F1–J1, F2–J2 and K3 developed
multi-colored schemes based on their material combinations and the
type of exposure (Figures 2–5). The surfaces of the circle-patterned
samples became multi-colored, and the triangle-patterned samples
developed various color schemes depending on the aging method.
The patterned samples were dyed quite evenly, likely due to the rela-
tively small elements of the patterns, while the plain samples acquired
more random splashes of color. The main factors that influenced the
resulting changes in expression were the choice of material, how the
materials were combined and the conditions that the fabrics were
exposed to.

As was expected, wool and paper yarn exhibited the most pro-
nounced changes in color. More unexpected, however, was that
some treatments, such as immersion in water with iron powder (K3)
resulted in wool being most strongly colored, while others, such as
the black laundry test (F14–K14) and burial underground (A1–J1, but
not immersion in salt water), resulted in paper obtaining the strongest
color (Figures 2–5). Although this may be related to the chemical
compositions of the textiles and the substances that they came into
contact with, just as with regular dyeing methods, the results of these
experiments were relatively difficult to predict. This may open up the
possibility of designing patterns or surfaces in which different parts of
the pattern are highlighted or relegated to the background depending
on what the textile is exposed to, creating not only new color combi-
nations but multiple different patterns. The circle pattern is an
example of this, in that the elements of the pattern were either high-
lighted or hidden when the paper yarn in one sample (but not the
other) had been dyed brown (Figure 3).

The buried paper samples degraded considerably faster than the
linen ones, for example. Burial also seemed to generally cause deg-
radation to occur more rapidly than being submerged in salt water.
The durability of various materials could be further explored with a
view to creating textiles that gradually reveal new expressions, in the
form of textures, colors or materials, as parts are worn out or
degraded. The specific ability of paper to react in a unique manner to
various stimuli could open up for further research regarding the
design of textiles with expressions which develop in distinct direc-
tions depending on their handling.
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the same fabrics as in the first experiment. The results of the first
experiment suggested that patterned fabrics in particular undergo
more versatile changes in expression. As a result, primarily triangle-
and circle-patterned fabrics were used for the prototypes, which
were subjected to everyday use for approximately 2 months.

The prototypes included textiles for use in both domestic and
public spaces: a fabric bag (J4), an apron combining two materials
(B5–J5), two chairs for public spaces—a foyer (K7) and a small
conference room (F6–I6)—and pocket details on four working coats
for use in a printing lab (J8, J9, C10, and B11; Table 1, Figure 2).
These applications were chosen in order to cover a broad range of
possible contexts in which people and textiles interact, in terms of
both variety and type of wear. A bag comes into contact with clothes
and/or the body, while an apron works as a towel and protective
layer when cooking or cleaning. Chairs in public locations come into
contact with different kinds of clothing, as well as some staining. Lab
coats used in printing labs, which have pockets on the front, act as
towels and a protective layer between clothing and pigments and
other chemicals used in hand printing.

In addition, three washing tests were conducted wherein white
triangle- and circle-patterned fabrics were washed with yellow
(F12–K12), blue (G13–K13) and black (F14–K14) garments to ascer-
tain how the different parts of the patterns absorbed color. This was
undertaken in relation to the fact that colors bleed during washing,
and that this is a well-known but frequently undesirable way of dyeing
textiles. Garments and textiles made of multiple materials, including
cotton, viscose, silk and wool, were used in the washing tests in
order to include several types of loose pigment.

Figure 5
The differing expressions of the triangle pattern. The raw fabric (a); after 2 months

underwater (b), 2 months underground (c), 2 days in water with oxidized iron
powder (d), 4 weeks in use as a bag (e), and having been washed with yellow (f),

blue (g), and black laundry (h), respectively.
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used as a way of creating more individual patterns, and so go
beyond the design of the original piece.

The chairs and the apron showed similar evidence of use focused
on the areas of greatest wear, although the changes were subtler.
The pigments used in the lab influenced the changes in the color
and pattern of the pocket details of the lab coats. The changes
in the expressions of the prototypes were, however, relatively
preliminary, constituting just one stage in the lifespan of a textile.
These would generally evolve gradually over a long period of time,
and so the prototypes will be used further in their environments
in order to ascertain the changes in expression that take place
over a greater timeframe.

Aging and change as a part of a textile’s lifespan

Considered from the perspective of traditional quality standards,
which aim to produce standardized, predictable textiles, the samples
would likely be deemed to have degraded in quality. From the
perspective of aesthetics, however, the textiles could be said to have
acquired alternative expressions, e.g. changing from a white pattern
or fabric to one that is colored. Either of these expressions could
have been designed from the beginning by weaving a colored
pattern, dyeing the fabric or performing other post-production
treatments. In these experiments, however, all of the expressions
were achieved from one starting point and by exposing the textiles to
various stimuli (Figure 5).

The results of the experiments indicate that various colors,
patterns, and structures can be achieved from one starting point.
The resulting color combinations, visible on the same patterns, varied
depending on the treatment that the materials had been exposed to.
This suggests that the natural aging and changing of materials
could be consciously used in design processes to embed evolving
patterns, colors, or structures into textiles. This could open up for the
design of textiles that do not have one expression throughout their
lifespan, but can develop several depending on what they are
exposed to. This in turn challenges the notion of permanence
as a sign of quality in textiles, and what is considered to be the
lifespan of a textile.

This suggests a shift in how quality in textiles is defined; from the
intention of producing identical, standardized textiles that do not
change to embracing how they wear out and evolve over time. New
methods of evaluating quality based on the aesthetics of change,
rather than measuring visual or mechanical changes such as fading
or pilling, are, however, needed. Defining these methods is not,
unfortunately, straightforward, as they would build on the textile
during various stages of its lifespan rather than be possible to
measure precisely at any given point in time. A shift in attitude is
also necessary in terms of accepting textiles as objects that
undergo changes rather than continuing to view them as static.
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The triangle-patterned samples developed different color schemes
based on the treatment (Figures 2, 4, 5). The samples that were sub-
merged were colored green, yellow, or black, dependent on the
composition of the material and whether mud from the sea had cov-
ered some or all of the sample. The integrated copper wire formed
black lines in the fabric. The buried triangle-patterned samples
acquired more even shades of green and brown, and here the cop-
per wire created a pattern of circular shapes. The triangle-patterned
samples that were placed in water containing iron powder developed
a color scheme featuring various shades of reddish brown, with wool
having the strongest color.

The changes in the samples in use

After 8 weeks of use, most of the prototypes had undergone some
form of change in expression. The bag and the washed samples
underwent the most pronounced changes.

Washing with laundry in different colors produced yellow, blue and
bluish-gray patterns (Figure 5). Black garments produced the stron-
gest color, which was a shade of bluish gray. In the machine wash
with black laundry paper took on the darkest shade, while cotton
warp and wool were dyed lighter shades and polyester was not dyed
at all, and so this created the greatest contrast in terms of the
pattern. In the yellow laundry wool and paper were dyed quite evenly,
making the white polyester parts of the pattern stand out clearly. The
blue laundry did not result in strong color changes; rather, the fabric
took on a more neutral, white hue. The effect was reminiscent of
the whiteners containing blue pigments that are sold to decrease
yellowness in older white textiles.

These experiments explored the variation in patterns that can be
achieved by making use of the varying ability to absorb dyeing
substances of different materials in a woven pattern and different
methods of dyeing materials. The results, however, suggest an
alternative way of approaching the generally unintended transfer of
pigments between textiles. When one does laundry, the transfer of
loose pigments from one textile to another is usually avoided on the
basis that it is undesirable. However, this has the potential to create
new color combinations, alter the expression of existing textiles and
even update textiles with stains or marks of wear and tear.

The bag underwent relatively localized changes in color: dark
areas appeared where it had rubbed against clothing and at the
corners, enhancing the tactile and visual elements of the pattern
(Figure 2). The paper yarn and wool absorbed more color, while the
polyester remained relatively white. The handles acquired a grayish
tone. Some marks did not follow the logic of the pattern due to the
use of the bag in practice (e.g. its being folded or put on the ground).
Over a longer period of use and possibly after washing, such marks
could add to the complexity of the pattern. These could perhaps be
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example, the paper yarn gained the strongest color; in the samples
that were soaked in water containing iron powder, the wool was
most strongly dyed (Figure 2). When applied to a pattern with greater
differences between its elements in terms of size and proportion, this
technique could result in various patterns from one starting point,
depending on how the material is dyed. If multiple treatments are
applied to the same piece of fabric, further color combinations could
be created.

This approach could also be used in the design of colored tex-
tures or patterns. A yellow textile would turn greenish or brownish
depending on whether it was made of wool or paper. A patterned,
even, single-colored yellow textile might develop a multi-colored pat-
tern in various shades between yellow, green, and brown, depending
on the materials used in the different parts of the pattern.

Designing for multiple expressions

The basic knowledge regarding how different materials change under
different circumstances that was gathered during the experiments
could be used in a broader design perspective. The broad range of
colors in the Jacquard patterns, which was obtained without the use
of dyes, suggests that patterns could be designed and colored using
only the inherent qualities of different materials and how they react to
different stimuli. Further research would, however, be needed regard-
ing the colors that can be created using different materials, what they
react to, and if multiple colors could be achieved using one material
and different treatments.

Changes in color were explored in these experiments, but
changes in the construction of the textile are another possible track
for further research. The speed and way in which different materials
wear out or degrade could be used to create surface expressions
and textures wherein colors, materials, and/or constructions are
revealed as parts of the textile degrade, wear out, shrink, or melt.
Paper, which degrades relatively fast, could be combined with more
durable materials such as cotton, wool, polyester, or metal, for
example. A combination of paper, cotton, and polyester might result
in a textile with several different time spans embedded in it, and so
the materials would degrade at different rates based on usage.
Biodegradation could even be used as a means of material separ-
ation in fabrics that combine several materials.

Altering or removing parts of a textile’s construction through the
enacting of changes in its materials could be used to create new
functions in textiles. Shrinking, forming, or dividing could be used to
change textile qualities such as texture, size, volume, number, thick-
ness, and opacity, altering the way in which the textile can be used.
Dynamic materials such as melting, shrinking, and evaporating yarns
responding to heat and water could be used. Combining materials
that react to different stimuli in one fabric could open up for the
design of textiles that have a function and expression that can be
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This is related to expectations of what is being purchased and
what happens when a white textile becomes colored, and is
a subject for further research.

Discussion
Both the outdoor- and wash-dyed examples explored changing the
appearance of a pattern using a material’s inherent properties, but in
different ways. In the outdoor-dyed samples, shades from green to
brown emerged depending on the material and placement of the
sample, resulting in multi-colored patterns. The outdoor environments
seemed to enhance the tendencies of materials to change color in a
certain way; wool, for example, consistently turned green, and paper
yarn brown. Leftover pigments in a washing machine were absorbed
by some materials and repelled by others. The samples were
exposed to a random mixture of substances, each of which affected
the various fibers differently; man-made pigments, on the other hand,
are intended to dye a specific type of fiber a specific shade.

The patterned samples were more successful in that they, through
the combination of several different types of fibers, evinced more
variety in the resulting color schemes. Using different treatments and
paper, wool, and polyester in different parts of the triangular pattern
resulted in seven different color combinations from the same, white-
on-white pattern. This opens up the possibility of more color combi-
nations emerging over time than in single-colored fabrics, in which
the single weft material also determines the main color of the fabric.

The circle pattern also changed from white to multi-colored, but
its color palette was more limited due to the blending of the materials
on a small-scale surface. The textured surfaces of the pattern
elements were, surprisingly, more interesting than the overall pattern,
showing subtle gradations in color. This could be further explored
through the use of different textures on various materials and scales,
which may relate to the color of the fabric rather than enhancing an
existing pattern, and so draw attention to individual patterns of use.

Furthermore, the plain satin fabrics might be better utilized as
markers for use: Blank canvases used in contexts in which the textile
is worn through repeated handling or placement in specific positions.
The changes in expression that occurred through use were subtler
and largely took the form of localized changes in hue, but were closer
to the type of stimuli a textile encounters in everyday life, than burying
or immersing in salt water for longer periods of times. With regard to
colors and patterns in textiles being influenced by how various mate-
rials gather dirt in use, for example, the resulting expression bears a
closer connection to the use of the textile or object when the areas
that are handled most frequently change more, creating individual
marks and patterns of use (cf. Sorkin 2000: 77).

Different treatments dyed different areas of the triangle pattern;
some triangles became lighter and some darker, and this varied
based on the treatment. In the laundry-washed samples, for
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their extent properly. The main finding of the experiments is, that it is
possible to achieve various colors, patterns, and structures from one
starting point, indicating that an alternative definition for quality,
based on the aesthetics of change, may be viable. The experiments
propose ways in which textiles could evolve, quickly or gradually, and
shift the focus away from single, static expressions and towards
designing textile lifespans. Through choosing materials that age in
various ways and combining these with patterns or surface textures,
evolving patterns or colors can be added to textiles, questioning the
ideal of static aesthetics.

Thinking of materials in terms of how they change over time and
what they react to could open up for designing textile lifespans that
are better tailored to different uses, suggesting a more holistic
approach to textile design that goes beyond the design of single,
static expressions. Taking change as one quality of a textile could
even encourage the development of sustainable alternatives, such as
circular design practices, in the field of textiles, matching a material’s
lifespan with the product’s or encouraging a sense of emotional
attachment, and in so doing open up for alternative perspectives on
what sustainable textiles can be. Further research should, however,
be performed regarding the ways in which these can be created
through a combination of material, construction, and handling.

ORCID
Riikka Talman http://orcid.org/0000-0003-1589-4118

References
Berzowska, J. 2005. “Electronic Textiles: Wearable Computers,

Reactive Fashion, and Soft Computation,” TEXTILE, 3(1): 58–75.
DOI: https://doi.org/10.2752/147597505778052639

Bilisik, K. and Yolacan, G. 2009. “Abrasion Properties of Upholstery
Flocked Fabrics,” Textile Research Journal, 79(17): 1625–1632.
Available online at: http://search.proquest.com.lib.costello.pub.hb.
se/docview/236411789/fulltextPDF?accountid¼9670

Chapman, J. 2005. Emotionally Durable Design: Objects, Experiences
and Empathy. London: Earthscan.

Chapman, J. 2012. “Design to reduce the need to consume.” (October
19) Available online at: http://www.textiletoolbox.com/research-writing/
design-to-reduce-the-need-to-consume/ (accessed 2015).

Congdon, A. 2014. “Developing a hybrid textile practice within the
tissue engineering laboratory: design challenges associated with
working with living materials.” Proceedings of Ambience ’14 &
10i3m. Tampere University of Technology: Tampere, Finland 7–9
September 2014.

Dumitrescu, D. 2013. Relational Textiles: Expressions in Space
Design. PhD diss., University of Borås. Borås: University of Borås
Studies in Artistic Research 7.

Designing for Multiple Expressions

Jo
ur
na

lo
f
Te

xt
ile

D
es

ig
n
R
es

ea
rc
h
an

d
P
ra
ct
ic
e

1
9

  367366  
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resistant, washable material of the objects suggest that they be used
as dishes.

The experiments presented in this paper are an initial exploration
of designing textiles whose expression can develop in several differ-
ent directions from one starting point through various influences.
Several variations of the same pattern were created through degrad-
ation and washing. The results on adding color and pattern to textiles
through use were rather preliminary due to the short period of time
for the experiment. A prolonged period of use is needed to assess
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Weaving form, forming weave 
Riikka Talman, Karin Peterson

Weaving form, forming weave is a joint venture that explores the materiality of textiles in 
relation to form through a series of investigations using formable textiles and separable 
dress moulds. Here, changes in texture, size and shape of the textile and the placement of 
openings for limbs inform the shape of the mould and direct the placement of the textile. 
Likewise, the mould informs the shape of the garment through the textile’s ability for 
change. This allows for close communication between the textile and the form as both are 
develo¬ped in conjunction, from initial sketch through to final garment

Role of Collaboration: Traditional methods of cut and assemble in garment making is 
accused of disregarding the importance of the materiality of textiles, and the three-
dimensionality of our body. Our joint venture aims to address this gap by investigating the 
expressive possibilities of woven textiles with inherent form-giving qualities in conjunction 
with garment moulds. We treat the construction of textile and form as equals through 
the initial design process, rather than as two isolated entities meeting at the point of final 
assembly. Bringing to the collaboration our respective specialisms in textile and fashion, we 
strive to bring new knowledge to both fields.

Artist Bio: Riikka Talman and Karin Peterson are enrolled at the doctoral program in 
Textile and Fashion design respectively at the Swedish School of Textiles. Riikka’s research 
explores how different materials can be combined with textile structures to create textiles 
with abilities to change or evolve over different timespans, suggesting alternative ways 
of designing and perceiving textiles that accept change as one of their qualities. Karin’s 
research explores form giving and crafting of surfaces as a simultaneous act of doing in 
dress as an investigation of making and thinking, questioning the cut assemble method 
perceived as the dominant method within the field.



  375374  

 
PUBLICATION VI Publication VI

Talman, R. (2021). Weaving sequential changes – designing textiles with multiple 

embedded stages. In Proceedings of Cumulus Roma 2021: Design Culture(s). Rome, 

Italy, June 16–19, 2021, pp. 1873–1890.



  377376  

Weaving sequential changes – designing 
textiles with multiple embedded stages 

Riikka Talman*a 

aThe Swedish School of Textiles, University of Borås 
*riikka.talman@hb.se

Abstract | The development of dynamic materials has changed the ways in which textiles are 
designed, but few research projects have investigated multiple sequential changes in 
textiles. This paper explores the design of textiles with the ability to undergo 
transformations involving multiple stages. Dynamic shrinking, hardening and dissolving yarns 
were combined in industrially woven structures to create a collection of five textiles, the 
texture, size, thickness, and number of layers of which were possible to change through heat 
and moisture. The fabrics were used in two workshops, and a series of prototypes was 
developed to explore potential application areas. The outcomes of the experiments show 
that textiles can transform in several stages through alterations to their properties, and that 
it is possible to embed this in their structures. Further research is needed on potential 
applications and how to better integrate textiles into product design processes.  

KEYWORDS | WEAVING, MATERIAL, DYNAMIC, LIFESPAN, TEXTILE DESIGN. 
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1. Introduction and related work 
This paper explores the design of textiles with the ability to undergo multiple stages of 
transformation within a sequence; these transformations can relate to changes in texture, 
size, thickness, and number of layers. Experimental work with dynamic materials, including 
shrinking, dissolving, and stiffening yarns, explored the concept of embedding irreversible 
changes in industrially woven fabrics. 

The experiments presented build on the inherently changeable properties of various 
materials. There is a wide range of dynamic materials with various properties on the market, 
and these are used for a wide variety of purposes. The materials that were investigated are 
often used in industry within manufacturing processes, and are generally removed from the 
final product before it reaches the consumer.  

1.1 Yarns with changeable properties 
Polyvinyl alcohol (PVA) is a water-soluble synthetic fibre (Sakurada, 1985). When a piece of 
PVA thread is dipped in water, it shrinks, becomes rubbery, and eventually dissolves 
completely. Wet PVA can be formed around objects and becomes hard and translucent 
when it dries, losing its textile qualities. In the experiments presented in this article, a spun 
yarn with a dissolving temperature of 40°C was used. PVA is non-toxic and degrades into 
water and carbon dioxide, and is used within e.g. the food, pharmaceutical, and textile 
industries (DeMerlis & Schoneker, 2003; Kuraray, 2019).  

The properties of PVA have been explored in several projects: Storey, Ryan, and Belford’s 
(2008) dissolvable PVA dresses comment on the current fashion system, while Valle Noronha 
(2017) uses PVA threads and fabrics to embed pre-determined alterations, such as changes 
in shape and details, in garments. 

Grilon yarns are thermoplastic copolyamide and copolyester yarns with a low melting point, 
and are used to separate, bond, and reinforce [something] (EMS-GRILTECH, 2019). Grilon LT 
yarn, which was used in the experiments presented in this paper, melts, shrinks, and 
disintegrates at temperatures of above 85°C (Districo, 2019). Single threads of Grilon can be 
easily disintegrated using a hairdryer, but larger quantities need prolonged heating through 
e.g. ironing or steaming. 

The properties of Grilon have been explored from a design perspective by e.g. Dumitrescu 
and Persson (2011), whose knitted materials responded to touch by warming up, causing the 
structure to break. Resortecs (2019) uses stitching in a heat-dissolvable yarn to separate 
fabrics, buttons, and zippers in relation to the disassembly, reassembly, repairing, and 
recycling of garments. 

Comfil yarns are thermoplastic composites that combine a reinforcement fibre and a 
thermoplastic matrix polymer, and are used for e.g. vacuum and compression moulding 
(Comfil, 2019). The Comfil polyethylene terephthalate (PET) yarn used in the experiments 
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presented in this article shrinks and stiffens when heated, and can be activated by steaming 
and ironing, for example. When combined with other yarns it creates shrinkage and texture, 
while the other materials allow the fabric to retain their soft and flexible qualities.  

Dumitrescu and Persson (2011) use thermoplastic yarns that shrink and then stiffen in 
response to heat to transform the textures and patterns of knits in response to touch. 
Brock’s (2018) ‘self-assembling’ Jacquard weaves use structure and yarn shrinkage to create 
three-dimensional textiles that gain their final form when steamed. Miyake’s three-
dimensional steam-stretch fabrics use after-treatment of heat-shrinking materials in 
industrially woven Jacquard patterns to create fabrics with three-dimensional surface 
structures (Howarth, 2014). 

The changes in all of the dynamic materials used in the experiments presented in this paper 
are irreversible. The materials are not able to regain their original expressions, and instead 
their expressions are built up gradually (Worbin, 2010). 

1.2 Designing textiles with dynamic yarns 
The development of dynamic materials has changed the ways in which textiles are designed, 
in that various changes can be achieved in a textile’s structure and visual expression. Such 
materials can be used to make textiles with qualities that can be changed after production, 
affording alternative uses. However, the designer’s perspective on the material – whether it 
is central to the product idea or a detail chosen at the end of the design process – influences 
how closely the material design and product design processes are intertwined (Nilsson, 
2015). A material’s inherent changeability influences the changes that occur, and as such 
they are central to the design of textiles with the ability to undergo multiple stages of 
transformation, as well as investigations of potential applications. Textile techniques and 
material properties define the qualities of textiles, as well as ultimately the qualities and 
uses of products. 

Several projects in the field of fashion have explored embedding changes in garments: 
Riisberg and Grose (2017) explore the concept of designing garments that evolve over time, 
facilitating an extended garment life and thus the usage of fewer resources. Valle Noronha 
(2017) explores the embedding of pre-programmed temporary and permanent changes into 
garments for stronger person-product attachment in order to highlight the materiality of the 
garments themselves. 

1.3 Lifespan thinking 
Lifespan thinking could be embedded in fashion and textiles in multiple different ways. 
Products could, depending on their uses, have lifespans ranging from fast to slow, with 
flimsy, recyclable, or durable materials that match the intended lifespan (Fletcher, 2014). 
Longevity could be addressed from the perspective of two different ‘speeds’: products with 
short, fast lifespans with materials that go through multiple ‘loops’, and extended, long 
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lifespans through emotional durability, repair, and up-cycling (Goldsworthy, 2017). 
Streamateria is a digital platform for made-to-measure, biodegradable garments with short, 
pre-defined lifespans, connecting designers to companies that work with renewable, 
biodegradable materials and processes to promote circular and closed-loop practices 
(Streamateria, 2019; Vinnova, 2019). Embedding multiple stages of transformation in a 
textile’s structure encourages a better matching of the lifespans of the product and the 
material that starts during the design of the textile material itself.  

2. Experiments 
Various experiments were conducted in order to ascertain whether multiple stages of 
transformation, involving changes in size, thickness, opacity, softness, texture, and number 
of layers, could be embedded in industrially woven textiles. Single-, double-, and triple-
layered woven structures were made using the aforementioned dynamic, heat- and water-
reactive, shrinking, dissolving, and stiffening materials (Table 1). As a result, a collection of 
five fabrics was developed; the structure of each was possible to alter through ironing, 
steaming, and machine washing.  

Two workshops were organised with designers and product developers at IKEA of Sweden to 
investigate the possible applications that the qualities of the fabrics might suggest. Based on 
the workshops, six preliminary prototypes of everyday textile products were made in order 
to explore the materials’ changeable qualities and to adjust and change the products during 
their use phases. The project was carried out in collaboration with Linda Worbin from IKEA 
of Sweden. 

2.1 The experimental setup and materials 
The aim of the experiments was to explore how multiple sequential changes could be 
embedded in textiles. Heat and water were chosen as the main activators of changes due to 
their availability and the possibility of applying them to fabrics either separately (for example 
by ironing or washing) or simultaneously (through steaming or washing at a high 
temperature; Table 1).  

The dynamic yarns were used as floats to create texture when they shrank, as a binding weft 
between the layers of fabric to enable separation of the layers when they dissolved, and as 
stripes to shrink parts of the fabric in order to create texture. They were combined with 
more stable materials such as cotton and paper yarn to form the main body of the fabric. All 
of the experiments were undertaken using an industrial Jacquard loom for flexibility with 
regard to developing and altering the weave structures and proportions of the materials. All 
of the structures were woven in two variations to test how the choice of dynamic material 
influenced the function of the textile; one used water-reactive, shrinking PVA, and the other 
either the heat-reactive, evaporating Grilon or shrinking Comfil yarns. 
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Table 1. The properties of the three dynamic yarns. 

Stimulus 
Yarn 

Ironing Steaming Machine wash 
30°C 

Machine wash 
40°C 

Machine wash 
60°C 

PVA 40°C - Shrank Shrank and 
melted 

Shrank and 
melted 

Shrank and 
melted 

Grilon LT Broke slightly Broke slightly - - Shrank slightly 

Comfil PET Shrank Shrank Shrank and 
melted 

Shrank Shrank slightly 

 

2.2 The final fabrics 
A collection of five materials was developed as a result of the experiments, and is presented 
below (Figs. 1–5). These weaves were chosen due to the variation with regard to the number 
of possible transformation stages of each, as well as for the variation in stages that the 
different fabrics offered as a collection. 

All of the fabrics were systematically tested with treatments that included water, heat, and 
steam. The tests showed that the fabrics could each undergo differing numbers of stages. 
For some, but not all, of the samples, the order of the treatments affected how the materials 
changed. For example, first steaming and then ironing the wavy-textured paper and PVA 
fabric produced a different texture than first ironing and then steaming it (Fig. 2). The fabrics 
could be washed several times before their layers separated, and had to be steamed or 
ironed for a long time in order to effect a change in them. If the fabrics are used in their 
textured state over a long period of time, patterns of dirt may be formed.  
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Figure 1. The different stages of transformation of Fabric 1, as well as how these were 
reached and the structure and materials of the fabric. 

The terry cloth fabric (Fabric 1) was a flat, smooth double weave in paper and cotton yarn 
with a binding weft in PVA between the layers (Fig. 1). Water and steam shrank the PVA, 
making the fabric thicker and more roughly textured. When the PVA completely dissolved, 
the fabric separated into two parts. The fabric could be either shaped around objects or 
separated in specific places to create pockets. 
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Figure 2. The different stages of transformation of Fabric 2, as well as how these were 
reached and the structure and materials of the fabric. 
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The wavy-textured fabric (Fabric 2) was a flat, smooth double weave in paper and cotton 
with a binding weft in PVA floating on the reverse side of the fabric (Fig. 2). Water and steam 
shrank the PVA, making the fabric thicker and wavier in texture. When the PVA had 
completely dissolved, the fabric separated into two parts. It was possible to move back and 
forth between some of the textured stages, depending on the stimulus applied to the fabric. 
The fabric could be either shaped around objects or separated in specific places to create 
pockets. The lines of the texture gave the fabric direction and support. Applying water to 
specific lines of floats could be used to make the fabric curl inwards on itself. 

 
Figure 3. The different stages of transformation of Fabric 3, as well as how these were 
reached and the structure and materials of the fabric.  

The dividable double-weave fabric (Fabric 3) was a flat, smooth double weave in paper and 
cotton with a binding weft in Grilon floating on the reverse side of the fabric (Fig. 3). Heat 
and steam caused the Grilon layers to separate to different degrees (into pockets or 
channels, or completely). When machine-washed at 60°C the Grilon shrank and the layers 
partially separated. 
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Figure 4. The different stages of transformation of Fabric 4, as well as how these were 
reached and the structure and materials of the fabric.  

The dividable three-layer fabric (Fabric 4) was a three-layered fabric in cotton with a binding 
weft in Grilon between Layers 1 and 2 and a binding weft in PVA between Layers 2 and 3 
(Fig. 4). The middle layer had a different colour and surface design than the others. Water 
shrank the PVA, giving the fabric texture. Repeated machine-washing at a high temperature 
dissolved the PVA and separated Layers 2 and 3. Heat and steam caused the Grilon thread 
holding together Layers 1 and 2 to dissolve, dividing the fabric to varying degrees (into 
pockets or channels, or completely). 
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Figure 5. The different stages of transformation of Fabric 5, as well as how these were 
reached and the structure and materials of the fabric. 
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The texture-changing striped fabric (Fabric 5) was a flat single-layer woven fabric in cotton, 
with a white-on-white striped pattern in PVA and Comfil yarns (Fig. 5). Heat and steam 
shrank the Comfil, changing the size and texture of the fabric. Water and steam shrank the 
PVA, which also changed the texture and size and created floats by dissolving the PVA 
completely. The fabric could be shaped around objects, and its texture could be changed 
several times within a sequence by alternating between washing and ironing treatments (Fig. 
5). 

3. Workshops 
In order to explore the possible applications of the materials, Fabrics 2–5 were woven out 
and used in two one-day workshops at IKEA of Sweden in Älmhult, Sweden. Each had four 
participants, who were a mixture of product developers and designers. The collection of 
fabrics and their stages of transformation were introduced to the participants, who were 
able to explore them using spray bottles, hair dryers, and clothes irons. The main questions 
asked during the workshops were: 1) What challenges do you face in your projects in 
relation to textiles? and 2) what expressions or functions are you looking for?  

The participants came from fields including design management, childrens’ textiles, and 
home textile design, and had different perspectives on the design process. Accordingly, the 
discussions involved a broad range of ideas for the materials and their applications. With 
regard to using dynamic materials in the product development process or embedding 
changeable qualities in products, understanding and communicating change were seen as 
the main obstacles. This likely stemmed from that fact that, from the perspective of a 
designer, one often starts with a problem or an idea for a product and chooses a material 
that fits the idea. 

The ideas for using the changeable qualities of the fabrics in the production process included 
form-fitting fabric for a lampshade and shaping fabric onto furniture for easier upholstering 
and less work-intensive production processes. This latter could be achieved by adding 
shrinking yarn to a double weave and washing it to create a quilted effect, rather than using 
the time-consuming method quilting by sewing. Other applications included furniture 
upholstery in order to create up-to-date expressions, a baby blanket that can change size or 
be separated into several thinner blankets, curtains with adjustable lengths, and room 
dividers or wall hangings with optional storage pockets.  

4. Prototypes 
In order to further explore applications, some of the workshop ideas were created as 
prototypes; these included a bedspread, two lampshades, two curtains, and a pillow (Figs. 6–
9). The pattern shop at IKEA of Sweden in Älmhult made the prototypes. The prototypes 

1883   Cumulus Conference Proceedings Roma 2021  |  Track: Design Culture (of) MAKING

R. Talman

 

explored changes in the function, form, and expression of everyday textiles by e.g. using the 
shrinkage of a fabric as an after-treatment when forming the textile, and using the shrinkage 
of a fabric to fit it to a product and adjust a textile product during its use phase.  

The textured surface of the bedspread was created using the shrinking behaviour of PVA 
rather than the quilting technique; the pattern of the middle layer of the fabric defined the 
texture on the outside of the fabric (Fig. 6). The lampshades explored the idea of using the 
shrinking behaviour of PVA to fit fabric around a frame. A length of Fabric 4 was pre-shrunk 
with water and sewn into a lampshade (Fig. 6). Fabric 2 was sewn into roughly the right 
shape, then shrunk using water and fitted onto the frame (Fig.7).  

The curtains and pillows explored ways of forming a textile product after its production by 
adjusting its length and width using heat and water. The pillows could be adjusted in terms 
of size in stages through washing and steaming, while the curtains were not planned to 
change from one specific size to another; instead, they could be freely adjusted (Figs. 8–9). 
As most of the changes were irreversible, a potential user would need to learn new ways of 
treating and maintaining their textiles in order to take advantage of the different stages of 
transformation and prevent unplanned changes. 

 
Figure 6. Two prototypes that explored the shrinking behaviour of Fabric 4 to create texture 
through machine washing: a bedspread and a lampshade. 
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Figure 7. The process of fitting Fabric 2 around a lampshade. 

 
Figure 8. Prototypes for pillows that can be adjusted in increments through steaming or 
washing: from bottom to top, non-treated, steamed, machine washed twice at 60°C, and 
machine washed at 30°C. All of the pillows had the same amount of filling. 
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Figure 9. Two pairs of curtains. Left: a curtain in Fabric 2 before and after shrinking. Right: a 
curtain in Fabric 5 before and after shrinking. 

The prototypes, while very basic in their scope, showed the importance of developing 
materials alongside products. Some of the ideas for prototypes were not possible to achieve 
with the developed fabrics. The details of the textile products, such as stitching thread, 
lining, and trim, would have to be matched to the planned changes. The original idea behind 
the bedspread was that it would be suitable for a single bed in its shrunken textured state 
and, after being washed at 60°C, would fit a double bed. This was facilitated by the textile, 
which shrank by 50% at most, but was hindered by the fact that the trim and stitching would 
not have expanded with the fabric. Ultimately, the shrinkage of the fabric was effected 
through an after-treatment, giving the bedspread a heavy, textured surface before the 
material was stitched to create a more static prototype. 

5. Discussion 
The main question, which was explored from several different perspectives through 
experimental work with materials and weave structures, development of prototypes, and 
discussions with practitioners, was how changes or sequential stages of transformation can 
be embedded in the structure of a textile; a secondary aspect was at which stages of the 
design process textile materials can be utilised to achieve this, and what possibilities such 
changes open up for with regard to applications and designing several product lifespans in 
one textile. 

Designing textiles with embedded changes means that the effects of these changes have to 
be considered when using the materials in different products or applications. Nilsson (2015) 
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argues that textiles can be incorporated into product design processes at several points, 
from constructing a new material to choosing an already existing fabric, and that their 
influence varies depending on where in the process they enter. Choosing a material based 
on an existing product idea was a common method among the participants of the 
workshops. The discussions highlighted a lack of awareness of the existence of changeable 
materials, and in some cases uncertainty regarding the need for them. The participants often 
started with a problem, came up with a product that solved that problem, then picked a 
material as the final step.  

This method of choosing materials for products is challenged when it cannot be assumed 
that the textile will remain static after the production of a product. Changeable qualities 
invite a more active role on the part of textiles, wherein materials enter the design process 
at an earlier stage and their properties are developed alongside the intended expression and 
functionality of the product. This is a concept posited by Nilsson (2017). Such a method has 
consequences for the overall design and production process; for example, if a bedspread is 
designed such that its size can be adjusted through shrinking or a blanket can be divided into 
two thin shawls, the trimmings and sewing thread must be adjusted to allow for these 
changes. This suggests that there is a need for alternative ways of designing textiles and 
textile products that have such abilities, requiring textile and product designers to work in 
dialogue while developing both a product and its materials.  

Textiles with embedded changes can propose alternative solutions to existing issues or be 
developed with a specific product in mind. Thus, time and the way a products is handled 
shape the exact changes that take place. Different properties of changeability lead to 
different types of change and various applications. For example, a fabric with the ability to 
gather and shrink in one direction suggests an alternative method of shortening a pair of 
curtains through shrinkage, which can later be reversed through washing. A fabric that can 
be separated into two fabrics, on the other hand, suggests an alternative method for 
hanging curtains by opening channels for the curtain rods, rather than sewing.  

However, the design of such fabrics is challenging in that this will require users to learn new 
habits with regard to how they handle their textiles. On the other hand, methods such as 
ironing, washing, and steaming are familiar and easily accessible methods of textile 
maintenance. Using such methods to shape textiles opens up the idea of customising, 
adjusting, and taking a DIY approach to textiles without the need for advanced sewing, 
pattern-making, and textile construction skills and equipment. Another challenge is that 
consumers expect a product to maintain the same expression and function throughout its 
lifespan. They would thus have to understand the changeability of such textiles and ‘buy 
into’ the concept of change, and this would need to be communicated to them in a clear 
manner before a purchase is made. 

Changeable qualities in textiles could also be used to replace more costly production 
processes. The fabrics presented in this paper were all woven on an industrial Jacquard loom 
for the purpose of flexibility in terms of development. They could, however, have just as 
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easily been woven in greater quantities on a shaft machine. If produced on an industrial 
scale, the intolerance of textiles to heat and moisture would require the preparation process 
and after-treatments to be rethought, as the materials cannot be washed without changes 
occurring. This could open up for reducing the amount of chemicals used in production 
processes. 

6. Conclusions and future work 
The textiles presented in this paper exemplify the idea that it is possible to design textiles 
that are able to undergo multiple sequential changes as a result of inherent changeability 
and the placement of materials in a textile structure. The number of stages of 
transformation did not automatically correlate with the versatility of the possibilities that 
were created in the fabric. Fabric 2, with its ability to change in terms of size, thickness, and 
texture and be divided into several layers, had multiple different stages. In comparison, 
Fabric 3 offered relatively few stages of transformation. However, when the possibilities of 
the materials were discussed during the workshops, an equal number of possible uses and 
applications were posited for both fabrics. 

Using the inherent material property of changeability to design textiles could suggest 
alternative approaches to designing the lifespans of textiles, wherein a textile’s qualities are 
connected to the material’s properties and the material’s properties are better matched to 
the textile’s lifespan. The ability of a textile to undergo multiple changes in a sequence could 
open up for the design of several product lifespans using the same material, not by reusing 
the textile for a new product but by changing its structure and qualities. This would imply 
the need for textile and product designers to come together earlier in design processes in 
order to gain an improved understanding of the possibilities and limitations of materials and 
the requirements of the product. Further research is needed with regard to the various 
properties of changeability in materials and their uses and functions, and how to combine 
the knowledge of textile and product designers such that the development of textiles 
becomes an integrated part of design processes. 
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