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light up at the same time as someone steps anywhere on the carpet, light threads on the 
opposite side from where someone stands light up, etc.  

The proximity sensors and the electroluminescent wires are controlled by a BX-24 
programmable microcontroller [BasicX, 2010]. The electronics are placed approximately one 
meter from Spår and are connected to the carpet with wires. To detect signals from the carpet, 
the wires are connected to the five knitted conductive yarn meshes embroidered on the back 
of Spår. Wires are also connected to the electroluminescent wires to provide electricity. Spår 
runs on 9 Volts.     
  

   

Soldering and connecting the electronic circuits for Spår 
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DIMMA (FOGGY) 
 

 
 

  

Dimma is a tufted carpet combined with light sources. Due to surrounding light conditions, 
Dimma's light-pattern is able to change into three different states. The intensity of the 
surrounding light influences the ambience of the pattern into a range of different expressions. 

 
Result, Dimma  
 

Dimma is an example of a tufted textile structure combined with an under-layer of 
electroluminescent films. Connected to a light sensor, the carpet is programmed to express 
three different modes corresponding to light conditions in a room at day, dawn/evening and 
night. Twenty-five rectangular light films are individually turned on and off which makes the 
pattern change over time. The light films are placed as a layer and shine through the tufted 
structure. Two different colours of light have been used, white and turquoise.  
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Mode 1: During daytime, the carpet changes between two interactive expressions so that a 
chess-pattern is pending between a white-light checked pattern and a turquoise-light checked 
pattern.  

Mode 2: At dawn and in the evening, three electroluminescent films light up at a time, 
forming a pattern that slowly moves around the carpet. As one light film is turned on, another 
one is turned off, making the pattern constantly change.   

Mode 3: At night, a calmer pattern is created, as just one light film is turned on at a time. 
After some seconds the light film is turned off and a neighbouring light film is turned on.   

Design Process, Dimma  
 

To explore how tufted textiles could be combined with light sources in a carpet, the work 
started by using already existing black and white coloured tufted samples from the Kasthall 
tufted range. As a first experiment, electroluminescent light films were placed under several 
tufted samples with cut out holes, to explore the expression of light shining through the tufted 
materials.  

After the first experimental exploration, some new qualities designed especially for certain 
light requirements, were made using special hand tufting machines. For example, samples 
with circular shaped holes for the light film to shine through were made together with thinner, 
more transparent qualities. Also after-glow yarns and optical fibres were tried out, but the 
material was too stiff to use in the tuft machines, so some of the yarns were instead stitched in 
by hand.  

  

Tufted holes and the light film shining through 

To be able to turn the whole carpet into a potential light source, thinner and more transparent 
qualities were chosen. A range of thin samples in different sizes and qualities were tufted, 
both by using different amounts of material and different kinds of materials. The quality used 
in Dimma consists of rows of thick tuft combined with rows of no tuft at all, creating a 
slightly striped pattern that diffuses the light that shines through.  

In parallel, an external under-layer of electroluminescent light films were constructed. The 
layer was made of twenty-five electroluminescent light films, taped together into the same 
size as the final tufted carpet, 140 x 200 cm. Two different colours of light were used, 
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turquoise and white. The films were positioned next to each other in horizontal and vertical 
rows so that the two colours are arranged as a chess-pattern.  

Just like in Spår, a BX-24 programmable microcontroller is used for interaction. The 
electronics and power supply for Dimma are placed in a box beside the carpet. Compared to 
Spår, Dimma requires relatively high electricity (around 40 V) due to the twenty-five light 
films. For safety reasons, the box is closed (but transparent) and each light film is connected 
to the box with a wire and can be switched on and off individually. In this way it is possible to 
design for a very large range of different patterns.  

  

The thinner tufted structure used for Dimma   

 

  

Trying out programming possibilities with four electroluminescent films. The box with 
electronics is seen behind the light films.    
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GLÖD (SPARK) 
 

     

 

Glöd is a carpet functioning as a mobile heat-source for heating up cold floorings. The carpet 
changes pattern due to the amount of heat-elements turned on at the moment.  
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Result, Glöd  
 

Glöd is a woven carpet printed with pink thermo-chromatic pigments. In a second layer, 
placed under the woven carpet, eighteen individually controlled heat-elements are integrated.  

The dynamic textile pattern visualizes the temperature generated from the carpet; when Glöd 
is striped (pink and red stripes) it means that it is “cold”. As the stripes dissolve into a pink 
and white checked pattern, heat is generated.   

There is no microcontroller used for Glöd, the heat elements are turned on and off by hand so 
that the pattern can change from striped to checked, symmetrical or asymmetrical in a range 
of variations. Each white rectangle that appears in the pink printed area, indicates that a 
certain heat element has been turned on.  

Each heat-element is connected to a box, placed beside the carpet, by a wire. The box is 
equipped with eighteen switches so that each heat-element is manually regulated and able to 
be turned on or off by hand. Glöd is meant to be used as a mobile carpet able to heat, for 
example, a cottage or a basement.  

Design Process, Glöd  
 

Glöd is based on the carpet "Polka", an existing white and red striped woven carpet from 
Kasthall’s range [Kasthall, 2010]. To enhance the carpet with a dynamic pattern when 
exposed to heat, the carpet was screen-printed with thermo-chromatic pigments.  

By placing different cut out papers on top of the carpet to visualise colour and form before 
printing, full-scale sketches could be made directly on Polka.  

To achieve the same red colour used as weft in Polka, the possibility to mix a red thermo-
chromatic colour was considered. But to achieve the same red intensity for the thermo-
chromatic pigments showed to be impossible. Instead, other colour combinations were tried 
out. The first printing test was made with a turquoise thermo-chromatic pigment printed as 
squares on the white parts of the carpet. The thermo-chromatic pigments are supposed to be 
completely transparent when heated, and the plan was that only the warm red colour of Polka 
would show. But instead of disappearing completely, the turquoise pigment left a dull grey 
shade.  
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To be able to sketch with full-scale colour-changes directly on Polka, cut out papers in 
different shapes were placed on top of the carpet.   

 
To avoid the difference in shade due to the combination of unprinted white parts next to the 
thermo chromatic printing, stripes (instead of squares) were printed on the white areas.   

Before the final print was made, three different test prints were made on the back of the carpet 
to try out the pigment, the printing technique, the colours and at what temperature the print 
reacts.  

Parallel to the printing experiments, different ways of generating heat in textiles were 
explored. Both methods for integrating heat directly into a textile structure and to use heat 
elements as separate layers, were considered. As a first experiment, knitted structures 
constructed of wool and Bekaert HT steel yarn [Bekaert, 2010] printed with grey thermo-
chromatic pigments were made. By parallel-connections, the structures were connected to a 
power source to generate heat. The heat made the print gradually dissolve, first into stripes 
and then it became completely transparent.   

It turned out to be hard to achieve a stable temperature in the knitted heat-elements over a 
longer period of time. Following the device of the Functional Styling project - to make design 
examples that show new possibilities rather than solving technical details, special designed 
heat-elements were custom made. Eighteen heat-elements were made in a size and shape to fit 
Glöd. The heat elements were fastened in an under-carpet to generate and direct the heat to 
the printed carpet on top. Due to the rather high power (40 Volts) needed for the heat-
elements, it was also convenient for safety reasons to place the heat-elements insulated as an 
external under-layer. 
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When connected to a power supply, the thermo-chromatic print on the knitted fabric becomes 
warm as the heat is spreading through the fine lines of conductive yarn. 

   

  

Before printing the electroluminescent pigments, the group had a look Linda’s colour maps, 
made in a previous project  
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EXPLORING A NEW DESIGN SPACE 

By exemplifying and pointing out new expressions, functions and use for carpets, the design 
examples are meant to serve as openings towards further interactive textile design. With the 
ability to sense and react on external stimuli, the examples open for new possible use for 
carpets, where decorative aspects are part of how they behave and express themselves over 
time.   

Programming a dynamic textile pattern  
 

Textile designers are used to work with advanced textile technologies, maybe even to 
program weaving- or knitting machines. The process of designing a dynamic textile pattern 
might still be unfamiliar to him/her since it includes the programming of a pattern that 
changes over time. To program a microcontroller that controls an interactive textile pattern is 
to design the expression of the textile. The programming code is in this way not an objective 
line of numbers and letters only used for adding functions. On the contrary, the code is highly 
expressive and defines the textile’s expression.  

When working with Spår and Dimma, the programming code was written quite late in the 
design process, a fact that might have influenced the outcome since the coding opens for a 
huge range of design variables. Still, even late in the design process, there were plenty of 
options of how to program the carpets. The programming code dictates the expression of the 
interactive patterns, and the carpet can easily be reprogrammed. For example, it is easy to 
imagine how Spår could be reprogrammed to be used to show a visitor the way inside a 
complex building, a carpet for children to play hopscotch on, or to a carpet that could add 
some mystery in an office building by leaving traces of persons etc. In this way, the 
expression can be redesigned after a textile is produced, both with respect to functionality and 
with respect to aesthetics.  

Dealing with electronics  
 

Another issue that textile designers normally do not have to deal with, is electronic 
components and power supplies. For pedagogic reasons, the electronics designed for the 
design examples were deliberately exposed. The differences in size of the electronic parts 
vary for each design example; in Spår the electronics are not even mounted in a box, the 
rather small circuit board is placed right beside the carpet and is driven by a 9 Volts battery. 
In Dimma and Glöd, the electronics were mounted inside boxes for safety reasons since both 
Dimma and Glöd requires relatively high current. For the electronics connected to Dimma, a 
transparent box was used so that the electronic parts are seen through the plexiglass. For Glöd, 
the electronics are put inside a box equipped with switches to manually turn the heat-elements 
on or off.  

New Possibilities   
 

The project shows three carpets, designed in specific ways. The interactive expression of 
Dimma is programmed and designed so that the carpet responds to different light conditions 
in a room, and a specific series of pattern-changes are visualised. Dimma exemplify one way 
of using a textile layer combined with a programmable under-layer which in this case consists 
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of light films. By using another textile structure, another programming code, other kind of 
light sources and other types of input (for example sound-sensors, movement-detectors, etc.), 
the principle used for Dimma opens up for a huge number of new possibilities for designing 
interactive carpets in other forms and shapes. Also the principle of letting the proximity of a 
person build a dynamic pattern, (as in Spår), point out new use and new carpet expressions as 
the carpet is able to give information, show a direction or to give a clue about previous events.  

Handicraft Vs. Industrial methods  
 

Functional Styling deals with how to transform an experimental-craft process to fit production 
requirements within the textile industry. When bringing new materials into the textile design 
industry, both handicraft methods and industrial machines can be used. For example, by using 
old style weaving machines with shuttles, optical fibres and the electroluminescent wires in 
various sizes could be inserted as weft inlays, something that would be real hard to do with 
modern weaving machines since they cut the edges. Still, the machine had to be stopped 
during the weaving to make some inlays by hand in a process that can be considered a kind of 
industrial-crafts process.  

Since some of the tufting work at Kasthall already is made by hand, it was easy to manually 
test several materials in the hand tufting machines. Examples of materials that were tried out  
were different conductive yarns, optical fibres and glow-in-the-dark yarns, all combined with 
yarns already used at Kasthall. Stiff and strong materials, such as the conductive yarns and 
optical fibres, did not work in the hand-tufting machines since the machines were not able to 
cut them properly and it also led to wearing out the machine components.  

In one way, this project meant to take one step back to be able to take two steps forward when 
dealing with new interactive material, not yet adjusted to an industrial process.   

 
DESIGN CHALLANGES   

As the carpet pattern is not static anymore it means that more, or at least other, design 
decisions related to how textiles express themselves over a period of time have to be 
considered. When interaction design and textile design start to merge, the appearance of a 
textile is the sum of all inherent building materials and constructions and in what way external 
environmental stimuli are able to influence its appearance (such as the presence of a person, 
light conditions in a room etc.). Through their physical form and temporal expression, the 
carpets are manifesting the expressional and subjective art of inherent physical materials and 
software.   

The dynamic pattern-expressions of Spår and Dimma are partly designed in the program code 
written for the microcontrollers connected to the carpets. In Glöd, the dynamic pattern-
expressions are mechanical and controlled by a person switching changeable elements on and 
off. The appearance of the carpets at a certain moment is strongly related to the interaction 
between the carpets and their surroundings; in Glöd, the pattern corresponds to the action of 
turning the heat elements on and off by hand while the pattern-change in Spår corresponds to 
someone walking on the carpet and Dimma’s interactive pattern responds to light conditions.  
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The changeable elements in the carpets (such as the light threads in Spår, the light films in 
Dimma) are, apart from the programming, of course also designed with physical materials. 
But, the change doesn’t manifest itself until the environment behaves in a certain way. This 
means, hypothetically, that a certain carpet pattern (in terms of a certain combination of 
changeable elements appearing at the same time and in a certain order) might never appear. 
We are able to design the physical material and the computer program, but the behaviour of 
the surrounding is often harder to predict. The design is in this sense open.  

A certain appearance of a carpet is affected both by properties inherent in the physical 
material and software, and also by external stimuli such as user interaction. The relation 
between the two varies. For example: when crossing the carpet Spår, at a specific moment a 
certain number of light threads light up as I put my foot down, creating a certain carpet 
expression. This specific appearance shows only when my body is near the carpet and I 
behave in a certain way. The light threads, electronics and computer program are all inside the 
carpet all the time, designed for potentially lighting up. However, they do not show their full 
potential until someone crosses the carpet.  

 
EXPRESSION DIAGRAMS  
 
As an attempt to explore the relationship between how a certain interactive expression is 
created through internal (material, design and programming) and external (user interaction) 
properties, “expression diagrams” have been introduced [Persson 2009].  

When reading the expression diagram, the notions of function and interaction and actions and 
reactions (cf. [Hallnäs 2004, Hallnäs and Redström 2006]) are essential. In this context, 
function refers to what a given thing does when we use it, whereas interaction refers to what a 
user does when using the given thing. Actions and reactions refer to the chain of actions-
reactions that occur when an interactive expression (in this case dynamic textile pattern) 
appears. The chain of actions-reactions is depending on each other, and the degree of actions-
reactions is directly related to a textile’s changing properties.  

Example: A person approaches Spår and step on the carpet  the sensor detects the near-
proximity of a person  the microcontroller reads the signal  the microcontroller sends a 
signal so that three light threads are turned on  the foot is lifted from the area  the sensor 
detects no near-proximity of a person  the microcontroller sends a signal to the power 
supply and the light threads are turned off one at a time etc., etc. 

In the expression diagram, a textile’s initial design is seen at the lower left corner where the 
axes of the system intersect (the origin).    
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Expression diagram where given initial design describes: 
- The degree of functional actions and reactions 
- The degree of interactional actions and reactions 

 

 

 

 

  

 

     

 

 

Expression A shows a specific expression appearing at a certain time due to the influence of a 
person. Expression B shows a specific expression appearing at a certain time due to the 
influence of the material, construction and programming. 

Following diagram shows some possible interactive expressions able to appear in Spår:   

 

 

 

 

  

 

     

 

 

Expression A: The initial design: no light threads are turned on 
Expression B: All light threads are turned on 
Expression C: Three light threads on each side of the carpet are turned on 
Expression D: The light threads turn off one by one 
Expression E: The colours of the light are white and turquoise 

Expression A 

Interaction 

Function 

Actions  I  Reactions 

Actions  I  Reactions 

Expression A 

Initial design 
Expression B 

Interaction 

Function 

Actions  I  Reactions 

Actions  I  Reactions 

Expression 
B  and C 

Expression  
D  and E 
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For expression B to appear, someone might have run really fast over the carpet so that all light 
threads are turned on. Another possibility is that that several persons are standing on the 
carpet at the same time. Either way, expression B is related to one or several persons’ 
influence. The same goes for expression C, where either a person has taken a leap on the 
carpet, or two persons are standing on each side of the carpet. Hence, both the expressions are 
placed close to the interactional-axis.  

Expression D and E are closely related to the material, construction and programming design. 
Therefore, the expressions are placed close to the function-axis in the diagram. But for the 
light to appear at all, a person has to interact in some way. Hence, the expressions can not be 
placed directly on the function-axis, but a little bit upwards.  

Following diagram shows some possible interactive expressions able to appear in Glöd: 

 

 

 

 

  

 

     

 

 

Expression A: The initial design: the carpet is all striped 
Expression B: One pink area has partly turned white  
Expression C: All pink areas have dissolved into pink and white checks  
Expression D: The colours of the checks are pink and white 
Expression E: The shape of a check is rectangular  

For expression B to be seen, a person has just turned one switch on. The corresponding heat-
element heats a pink area that gradually changes colour into white. Expression C appears as 
all switches on the box are turned on. Both expressions relate to the action of a person.  

Expression D and E relate to the material, textile construction and programming design and 
are placed close to the function-axis. 

 

 

Expression A 

Interaction 

Function 

Actions  I  Reactions 

Actions  I  Reactions 

Expression C  

Expression  
D  and E 

Expression B  
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Designing an interactive textile means to work with both passive material (here meaning 
material such as cotton, wool etc.) and active material (here meaning material such as 
conductive yarns, light threads, thermo-chromic colours, etc.). As in all designs, it is hard to 
foresee the outcome of a design process, and by adding interactive features, such as software, 
the final design is even more difficult to predict.  

Smart textiles in general tend to be more associated to functional rather than to aesthetical 
issues, and the expressive possibilities of software design are sometimes overlooked. Just like 
any other design decision, decisions related to software need to be carefully considered.  

The integration of computer technology brings new design possibilities to the area of textile 
design. By enhancing a textile with sensing and reacting qualities, a textile’s expressional 
properties are extended. Computer enhanced textiles need to be seen as something new, that 
brings new aesthetical values to textile design. 

Expression diagrams could be a help to structure and control the design process in relation to 
a desired outcome. By visualizing relations of function-interaction and actions-reactions, the 
expression diagrams were developed as a tool to be able to foresee possible interactive textile 
expressions. By providing a language to describe and pinpoint a certain interactive 
expression, the diagrams can be used to explicitly map out a new design space located in the 
intersection of textile design and interaction design.  
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ABSTRACT 

 

This paper describes a practice-based research 

project in which design experiments were 

conducted to explore how knitted structures 

can be designed with particular emphasis on 

various interactive heat expressions. Several 

heat transformable structures, able to both 

sense and react to human touch, were 

developed in the textile collection Knitted 

Heat.  The designed textiles serve as 

references to reflect further on the role of 

interactive textiles as materials for potential 

designs. Specific scenarios defined by 

shrinking, breaking, stiffening, texturizing and 

warming expressed by the textile 

transformations exemplify and discuss their 

potential as complementary for other design 

processes.  
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INTRODUCTION 

The last few decades have shown an extreme 
development of the textile material as the area of 
interactive, or smart, textiles has influenced the fields of 
industrial design, architecture and of course, the textile 
industry (cf.[Berzowska and Coelho, 2005; Braddock 
Clarke and O´Mahoney, 2005; Colchester, 2007; 
McQuaid, 2005; Seymour, 2008; Ramsgaard Thomsen, 
2007) etc).  Compared to “non-interactive” textiles, the 
concept of smart textiles primarily describes textiles 
whose qualities have been enriched by technology. In 
this context, textiles can be defined as physical 
materials with transformable behaviors, the materials 
are “augmented with the power of change and have the 
ability to perform or respond“ (Verbücken, 2003).  

Due to technical developments within computer 
technology such as the miniaturization of electronic 
components, the possibility of integrating textiles and 
electronic components has been demonstrated through 
material research and development projects. As a sequel 
to the concept Tangible bits - the notion of seamlessly 
coupling the worlds of our physical environment with 
cyberspace (Ishii and Ullmer, 1997), soft material 
interfaces such as Super Cilia Skin (Raffle, et al., 2004), 
Sprout I/O (Coelho and Maes, 2008) and Bosu (Parker 
and Ishii, 2010) have been developed as alternatives to 
traditional screen-and-keyboard interfaces. By sensing 
and reacting to physical touch, these interfaces have a 
kinetic memory, are transformable and engage new 
sensibilities. Consequently, the interest to develop new 
design tools that help designers to relate virtual and 
physical media has emerged. Projects such as Skin 
(Saakes, Stappers, 2009), Cabinet (Keller et al., 2006) 
or SandScape (Ishii et al., 2004) open the interaction 
design field to novel creative processes. 

The concept of smart textiles opens new discussions 
about the role of the material in the design process and 
the need for bridging various design disciplines. By 
introducing concepts such as interaction and 
transformation as essential features in textiles, the 
textile practice faces new challenges.  

This paper describes Knitted Heat, a collection 
consisting of the previous projects Touching Loops 
(Dumitrescu and Persson, 2008) and Designing with 
Heat (Dumitrescu and Persson, 2009), with a particular 
emphasis on how interactivity can extend a textile’s 
expressional properties as the use of conductive yarns in 
an advanced knitting design makes a textile become 
both sensitive and reactive to human touch. Knitted 
Heat explores possibilities to design for tactile and 
visual interaction as the textiles encourage a close and 
sensitive interaction with knitted textile material both by 
touching and sensing.   

This project is made within the Smart Textile Design 
Lab at the Swedish School of Textiles and takes on an 
experimental approach in which design examples 
explore the aesthetics and emerging expressions of 

smart textiles rather than technical functionality (cf. 
[Redström et al. 2005; Worbin, 2010]). 
 

KNITTED HEAT  
Knitted Heat is a collection of several design 
experiments in the form of interactive textile samples, 
and unites two experimental projects, Touching Loops 
and Designing with Heat. Both projects uniquely 
explore the integration of heat as the focal point of the 
surface design. 
 
TOUCHING LOOPS 
In Touching Loops, heat is used to transform a textile 
surface’s structure. The outcome is three different 
interactive textiles able to change structure both visually 
and tactilely. When one touches the textile by hand, the 
textile becomes hot and structure changes are made.  
The design examples show different kinds of structural 
changes in three different textile designs; shrinkage, 
breakage and stiffening. The following scenario refers 
to all three examples, with a difference in how, the 
structure is changing: 

I touch the textile with my hand and it reacts 
immediately by shrinking (Structure 1) by breaking 
(Structure 2) or by stiffening (Structure 3) since it is 
programmed to generate heat as soon as it senses the 
presence of my skin. The textile reacts in the same area 
as it is being touched upon. Once it has been touched, 
the heat is on for 15 seconds which is considered to be 
enough time to make the surface react in a way that is 
perceivable. 

 
Figure 1: detail -knitted pattern Structure 1 

Touching Loops: Structure 1 (Fig. 1 and Fig. 2) 

The surface is designed as a combination of two 
different tactile patterns. Its texture is based on the mix 
of a plain knit with a ridge pattern. Fine rows of 
conductive yarns separate the areas of the textile surface 
sensing and transmitting the information as heat.  
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When current is applied, the knitted patterns change size 
by shrinking in relation to the amount of heat and the 
surface area where heat appears.  

 

Figure 2: detail -structure transformation Structure 1 

 

Figure 3: detail -knitted pattern Structure 2 

 

Figure 4: detail -structure transformation Structure 2 

 

Touching Loops: Structure 2 (Fig. 3 and Fig. 4) 

Rows of ridge patterns are interlaced on the surface 
design building its texture as a structural frame. In this 
case, the surface does not change texturally, as it did in 
the previous design experiment. Instead, applying heat 
through the conductive yarns on the material’s ridges 
produces a transformation in the surface from soft to 
hard- by stiffening specific areas. 

 

 
Figure 5: detail -knitted pattern Structure 3 

Touching Loops: Structure 3 (see Fig. 5 and Fig. 6) 

The pattern uses a Jaquard 2X2 net technique. The rows 
of Jaquard are separated in a computer program to 
control the placement and size of the breaks in the 
material. When exposed to heat, the transformable yarns 
melt, leaving the loops of conductive yarns. The rows of 
conductive yarns sustain the shape of the loops 
transforming the textural effect of the surface from a 
two dimensional to a three dimensional pattern by 
breaking.  
 

 
Figure 6: detail -structure transformation Structure 3 

 

DESIGNING WITH HEAT  
Designing with Heat consists of two design examples 
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developed with a focus on heat changing properties. 
When someone touches the textiles with their hand, the 
surface becomes hot in a comforting way. The textiles 
show two different kinds of heat design, where 
temperature changes produce two types of tactile 
patterns. 

 

 
Figure 7: shaping by heat various knitted pattern in Structure 4 

Designing with Heat: Structure 4 (Fig. 7 and Fig 8) 

This structure uses the same principles as the first 
design experiment but implements a different pattern 
design. The knitting technique in this design experiment 
is based on yarn inlays. The conductive yarn is inlayed 
in patterns instead of being knitted into the structure. 
Consequently, having less points of contact in between 
the conductive yarn and the shrinking yarn, produces a 
larger range of transformations in the surface design 
when heated. The effect appears both in shape and in 
size of the patterns by texturizing.  

 
Figure 8: close up -structure transformation Structure 4 

I touch the textile with my hand and it reacts by 
changing texture since it is programmed to generate 

heat as soon as it senses the presence of my skin. The 
textile reacts in the same area that it is being touched. 
Once it has been touched, the heat is on for 10 seconds 
which is considered to be enough time to make the 
surface react in a way that is perceivable.  

 
Designing with Heat: Structure 5 (Fig. 9 and Fig. 10) 
 

 
Figure 9: detail -knitted pattern Structure 5 

The conductive yarns are partially knitted to form three-
dimensional geometric shapes creating the texture of the 
surface. The conductive texture changes temperature. 
According to which area heat is activated and the 
planned time sequence of the change; new heat patterns 
can be created as a second layer of the surface by 
warming the hands.  

 
Figure 10: detail -structure transformation Structure 5 

I put the palm of my hand on the textile surface and the 
textile reacts by becoming warm. The textile becomes 
heated in six different areas and the heat moves around 
to warm my hand. The textile senses the location of my 
hand, and heat is generated in areas around that spot. 
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The textile reacts kind of slow and once it has been 
touched, the heat is on for 5 seconds in each heating 
area. This keeps the heating areas from cooling down as 
long as my hand is still touching the textile.   
 

KNITTED HEAT  

In Knitted Heat, we talk about knitting in terms of 
structure and texture where both elements are expressed 
by aesthetic and tactile qualities of the knitted surface. 
The experimental projects resulted in the creation of 
various interactive knitted patterns where the design 
variables of the basic knitted surfaces were enriched by 
computation. The design of transformations in the 
surface and the interaction with the surface are relating 
in the subtle changes that appear as material design. The 
knitted surfaces in Designing with Heat and Touching 
Loops are complex textile constructions capable of 
embedding various layers of information, as they are 
able to both sense and react. 

Heat is integrated into the textiles as a means to shape 
new patterns or to produce changes in the surface 
structure. The relationship between the amount of heat 
and the exposure time in the conductive yarns is the key 
factor in shaping the material design.  

Various expressions of transformation are explored in 
the design of knitted surfaces. Each of the examples of 
textile surfaces represents a specific relationship 
between structural pattern and the placement of 
conductive and transformable yarns. The patterns, the 
texture and the shape of the textile surfaces are designed 
to allow further transformation of the knitted structures. 
According to the type of pattern used, the type of 
transformable yarn, the placement of the conductive 
yarn on the surface and the time settings in the computer 
program each of the structures allows for various states 
of transformation. 
 

KNITTED HEAT AS DESIGN MATERIAL 

Knitted Heat aims to advance upon new dialogues in the 
design process between designers and interactive 
textiles as material for design. That is to initiate a space 
where the textiles function as a meeting point between 
the virtual and physical design prototyping spaces. In 
Knitted Heat, the experiments by design combine the 
concreteness of the textile material with computation to 
create different types and scales of expression of 
physical and visual transformation- by breaking, 
stiffening, shrinking, texturizing or warming.  

The expressions of heat transformation represent 
flexible relations in the textile surface relative to 
pattern, texture or shape leaving the knitted surface 
open for further change when placed as a material for 
various design processes. Accordingly, the examples are 
not an end design product; the result is a collection of 
knitted textiles whose changing behavior can be used as 

an open platform for surface explorations in knitted 
design.  

Expressions of shrinking, breaking, stiffening, 
texturizing or warming can be further enriched when the 
knitted textiles are supposed to be related to various 
products or scales of design. Therefore Knitted Heat 
opens the design parameters of the textile surface 
design, such as shape/texture/pattern, bridging shape to 
material exploration in one process.  

The experiments show potential ways of exploring the 
relationship between surface/shape, pattern/shape, 
tactile/visual etc. in initial stages of the design process 
through the direct manipulation of the material when the 
scale of prototyping is the real world scale (that of the 
knitted material). In this context, Knitted Heat can be 
described as an expressive prototyping tool presented in 
real world scale.  

re-texturizing  
Structure 4 is an open knitted design that when placed in 
a 3D modeling context, allows the designer to play with 
the placement or scale of the pattern on the desired 
shape of the garment or object (Fig. 11).  Through 
tactile interaction Structure 4 is able to express various 
types of patterns- opening possibilities for multiple 
relations in between its texture and form.  

 
Figure 11: exploring pattern placement by physical manipulation of 
Structure 4. 

On the right side, Structure 4 is a plain knitted surface. 
The conductive yarns are placed in fine layers on the 
wrong side to produce a transformation on the plain 
knitted side via heat. Depending on the location of touch 
and how the fingers are placed on the material the 
conductive yarn creates various types of tactile patterns 
on the right side of the material.  

re-shaping 
The knitted surface as in Structure 2 is shaped by 
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physical manipulation (Fig. 12). In this context, the 
physical manipulation of the surface and its 
transformation generates new relationships in between 
designing form using textiles and exploring the surface 
knitted materiality. 

 
Figure 12: exploring surface shaping by physical manipulation  

Due to heat and tactile interaction, the soft textile 
surfaces can change properties by stiffening. According 
to which conductive lines are pressed and how much the 
hands are pressing the material and on which areas, its 
surface can be three dimensionally shaped by varying its 
softness. The textile material in this example is seen as a 
means to transform a soft surface into hard shape and to 
explore them simultaneously by physical manipulation 
of the material.  

re-scaling 
Relating the experiments with heat patterns to larger 
scales of design, such as architectural design, various 
relations based on the relation between visual and tactile 
patterns can be created. The experiments with heat 
patterns expose the potential for new tactile expressions 
in space design. The textile surface in Structure 5 has a 
static visual pattern that relates to the dimension of 
space. The heat pattern is activated only in the near field 
when the textile surface is touched (Fig. 13). 

 
Figure 13: Near-field scenario - exploring textiles as tactile 
expressions in architectural space, Structure 5 

 

 
Figure 9: field scenario- exploring textiles as visual expressions in 
architectural space 

New dynamic relationships in between textile scale and 
space design can be envisioned, where different scales 
of expression interact on one surface starting from the 
near field of the textile structure up to space. In this case 
the interactive tactile surfaces can complement the 
digital tools of prototyping by material exploration at 
real world scale, bridging new relationships between 
CAD applications and the concreteness of textile 
materiality.  

By questioning the relation between human interaction 
and surface exploration in the design process of form 
making, Knitted Heat presents multidimensional forms 
that can be further transformed by the designer in form, 
texture, interaction, etc... This offers a new perspective 
in the context of interactive materials, providing open 
expressional tools for further designs, since textiles act 
as materials by and for design. The examples indicate 
various ways of exploring the surface’s textural effects 
at different scales in the initial stages of prototyping, 
while retaining the textile as reference dimension.  

The role of an interactive material for design, in this 
context, is to integrate various design processes leaving 
certain aspects open-ended for further experimentation 
with the textile texture. 

By proposing alternatives to shaping, texturizing and 
scaling we aim to question the textile role in the design 
process for various fields and engage new dialogues 
where the textile and interaction can materialize design 
thinking. Consequently, the textile becomes both a tool 
and a material for design blurring clear distinctions in 
between material by design and for design; where the 
basic variables of design bridge various steps in the 
design process from material “fabrication, application 
and appreciation”(Doordan, 2003).  
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DESIGNING WITH INTERACTIVE TEXTILE 
EXPRESSIONS 

Adding sensing and reacting properties to a textile 
extends its expressive possibilities and brings new 
challenges to the area of textile design. The relation 
between the textile material and the interaction can be 
seen as interactive textile expressions. A textile’s 
interactive expressions should be seen or experienced in 
a textile over a period of time; they are both spatial and 
temporal in their nature (cf. [Hallnäs and Redström, 
2006, 2008]). For example, examples of interactive 
textile expressions in the Knitted Heat collection are 
those of shrinkage, breakage and stiffening. The 
collection also shows examples of expressions that are 
purely tactile and in the form of temperature changes (as 
heat).   

The two collections were designed with a focus on their 
interactive expressions, and are meant to exemplify 
ways of designing with these materials. They are meant 
to show the potential of how to reflect upon and 
understand the expressional tools these kinds of 
constructions and materials provide. This is made by 
both envisioning specific designs but also by opening up 
the design process to create new designs that use the 
same interactive expressions with another scenario.  
A specific design example exemplifies one way of 
interacting with the textiles (as an example, see 
Structure 3). The scenario described is simple. Still, 
multiple choices have been made when designing this 
specific interactive expression. In this way, the design 
examples allow for further designs with the same 
materials (Fig. 15): 
The specific example breaks in one area. The breakage 
occurs after I touch the textile, and is sustained for 15 
seconds. The resulting expression is clear. 
 

 
Figure 15: interaction scenario- breaking patterns in Structure 3  

 

For further design, we can ask ourselves:  
 
When touching the textile, where should it break 

- On several areas or one area 
- On the opposite side from where I touch or on 

the   same spot 
- As a whole stripe or as a part of a stripe 
- Etc. 

When touching the textile, how should it break 

- Fast or slow  
- In a subtle or clear way 
- In a small or big area 
- Etc. 

When touching the textile, when should it break 

- Directly or with a delay 
- Once, or as a chain reaction 
- As long as I touch it or within a range of time 
- Etc.  

All issues above are part of an interactive textile design 
and cannot be ignored. While issues considering how 
and where the textile should break are closely related to 
the material design, issues considering when to break 
are more related to the design of the computer program. 
The material design (the textile design, choice of yarns, 
electronic design etc.) and the design of the computer 
program function together and cannot be overlooked.  

 
INTERACTIVE TEXTILES BY/FOR DESIGN 

Through our design explorations, we were able to define 
knitted expressions for surface transformation on 
shrinking, breaking, stiffening, texturizing and warming  
when textile and interaction design form a common 
ground. 

Describing design scenarios relating human interaction 
to surface exploration in the design process of form 
making, or extending the textural expressional registers 
of architectural space design with tactile patterns, we 
aimed to initiate new questions on textile materiality 
when placing Knitted Heat in the context of materials 
for design.  

The design scenarios illustrate potentialities in a design 
space where the textile material is placed as a generative 
tool for new processes and expressions; a potential 
design space where textile materiality give computation 
a tangible dimension in the design process.   Therefore 
the concept of interactive textiles for design uses the 
effects of heat as a prototyping method for object 
shaping or as a medium for interaction in the 
architectural space.  
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Abstract 
As a way of opening a space where methods from the fields of fashion design, textile design 
and interaction design overlap, the project Repetition intersects different methodologies 
through practice-based research in design. Experiments were conducted to explore ways of 
creating relationships between body and space by means of translating information as 
pattern design between garments and interactive knitted walls. By arranging a startup 
performance, we reflected on the expressional variables that influence the expression of the 
pattern translations; variables concerning the garments, the walls, the print and the 
movements were illustrated by the expressions found. The result formulates specific 
descriptions regarding accuracy and distribution of pattern translation, illustrating basic 
concepts of pattern formations identified in visual changes appearing in the garment. By 
communicating our understanding of basic expressions, Repetition aims to formulate a new 
framework for collaborative work as a method for further design. 

KEYWORDS: textiles, fashion, interaction, design methodology 

Introduction 
Two decades have passed since the first approaches were made toward combining clothes 
and technology through the concept of wearable computing (Mann, 1997), where body-worn 
computers, including devices such as cameras and sensors, were placed directly on the body 
to provide its wearer with an augmented reality that allowed him/her to interact with the 
surroundings (Starner, et al., 1997). Since then, developments in technology and textile 
materials have pushed design fields such as textile design, fashion design and interaction 
design toward development of novel processes and methods to explore both functional uses 
and means of artistic expression. 
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In various ways, research projects explore technology as a means to create new social or 
spatial relations through the changes the garments materialize; they bring into view different 
visions on how technology can be integrated directly with fashion to introduce new 
expressions in wearing or to influence the ways in which one can express herself through the 
garments by wearing them. 

The Firefly Dress (Post, et al., 2000) may have been one of the first examples of expressive 
reactive garments including small technological devices, such as light emitting diodes, which 
reacts to the wearers’ body movements by lighting up. Several examples of garments able to 
react and respond have since been developed, presenting new conceptual ideas that interact 
with their wearers but also with their surroundings (cf. Seymour, 2010). 

Using body-to-body interaction as a method of communication, examples of garments able 
to communicate a history of use through a physical memory are the garments created within 
the Memory rich clothing project (Berzowska, 2005). The collection includes a shirt that is able 
to sense and display physical contact, as a hidden microphone and touch sensors detect 
whispered sounds and physical contact. Other examples of narrative garments are those 
created in the E-motion project at the Berlin University of the Arts, including a low-tech 
trench coat that allows people to communicate by writing messages on its back, functioning 
as an analog message board (E-motion, 2009). In Reach (Jacobs, Worbin, 2005), dynamic 
textile patterns are integrated in wearable everyday objects investigating personal ways of 
expressing one’s personality in public spaces. By exploring social interactions through the 
dynamic objects, the project designs new ways to connect people as a method to propose 
new forms of social interaction. 

Costumes (Bondesson et al. 2009) explores the relationship between body and space through 
the expressiveness of interactive textiles. In the context of a performance, body movements 
affect the visual expression of a room by changing colours and through that, affecting 
patterns. Accordingly, the movements of three dancers wearing interactive dresses affect the 
colour of a tapestry via radio signals. The way in which movements have been 
choreographed and are expressed by the dancers affects the changes in the visual expression 
of space.!
As an example of practice-based research in design, this paper presents Repetition.!Repetition is 
an experimental project meant to explore relationships between body and space as a method 
of creating interactive repetitions of patterns using body movements. In Repetition, the body 
and space are exchanging tactile and visual information through movement. In contrast to 
Costumes, the texture of the space affects the changes in the pattern of the garments on the 
body through near-field interaction. By sensing and reacting to the proximity of a body, the 
space is able to leave marks/patterns on the garments as a form of temporal expression. Our 
research explores how technology integrated in a space can affect the expressions in wearing. 
Interactive walls are designed to incorporate the electronics; they sense and react to tactile 
interaction with the body. Sensitive garments are designed to change their patterns according 
to the movement of the body in the space.  

The project opens a space where methods from fashion design, interaction design and textile 
design overlap. By intersecting different design methodologies in the experiments, this 
project aims to build a framework for collaborative work.  
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Method: Exploring by Design 
In order to bridge relationships between body and space, dynamic patterns were formed and 
explored. The experiments searched for ways of creating relationships between body and 
space by means of translating information as pattern design. In the experiments, we explored 
ways of visualizing these relationships in the form of garments with the ability to alter their 
patterns. 

Two interactive knitted walls and several responsive garments composed the setting (figure 
1). In a performance, a dancer was asked to connect the elements of the setting, e.g. the walls 
and the garments, in repetitive movements. 

 

Thermochromic printed garments reacted to the heat emitted by the knitted structures, 
which made up the textured surface of the walls; when put together, they formed a system 
for exchanging patterns between body and space able to take on interactive expressions. The 
surface of the garments was reactive: its ability to exhibit the visual transformations through 
changing of colours and shapes were possible due to thermochromic paste being printed on 
the garments.  

 

Walls 

Soft textile walls were constructed to display interactive heat patterns in the shapes of looped 
lines and squares. Each conductive line was programmed to heat up when in contact with 
the body. When the body pressed the conductive patterns, the walls responded (Dumitrescu, 
Perssson, 2011). The patterns of the wall translated their shapes onto the thermochromic 
garments, reforming shapes and arrangements of patterns depending on the placement of 
the body and its interaction with the wall. The intensity of the heat pattern depended i.e. on 
how long the body was in contact with the walls and for how long it stayed away from the 
walls. Two distinct knitted structures were designed to explore i.e. how the texture of the 
wall influenced the appearance of the pattern on the garments.  

Figure 1 shows the elements of the setting. 
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The first structure was designed using an inlay knitting technique (figure 2). The structure 
was loosely knit to create a fine net of conductive threads. In this example, the transformable 
pattern of the surface was designed as interactive stripes of heat. The rows of conductive 
yarns act both as sensors and actuators. The principle behind the sensing technique was 
proximity sensors.  

Once the conductive yarns were touched, the affected area was programmed to heat up after 
10 seconds. The striped repeats of heat could also be programmed to react at different time 
intervals. Each row of conductive yarns was able to have a different repeat time, allowing 
each row to be programmed to have a distinct temperature. Accordingly, when the body 
came in contact with the conductive lines, a varying amount of heat were activated and 
sensed.   

 

  

The second structure combined a ridge pattern with a full rib (figure 3). The textile 
background was of a dense structure. The surface was compact and elastic to enhance the 
three-dimensional texture of the conductive ridges. The ridges formed a robust pattern with 
dense rows. Similar to the first structure, the rows of conductive yarns were planned to be 

Figure 2 shows the first knitted structure of the wall 

Figure 3 shows the second knitted structure of the wall 
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both sensors and actuators and they responded by activating formations that were each made 
up by two shapes at distinct intervals of time. The transformable texture of the surface 
depends on the area touched. When the body came in contact with the textile surface, 
heating is activated for that specific area. If the body remained in contact with the wall for a 
longer period of time, the heat pattern activated two other shapes in a position near to that 
of the first formation and in doing so, repositioning the heat pattern on the garments. 

For both structures, sequencing was an essential part in the pattern design as it decided the 
accuracy and placement of the pattern translation from the wall to the garment.  

Garments 

A series of garments were designed in fabrics printed with thermochromic ink. Designed 
under the theme repetition, the garments emphasized the theme as repetitions of the shapes 
and the patterns.  During the design process, it was important to have a connection to the 
wall; the movements of the body toward and away the wall became the starting point of the 
search for the shape of the first garment (figure 4, 5, 6). Although we soon realized there are 
not that many ways in which to interact naturally with a wall, this made us only more curious 
to continue the exploration. Different shapes were explored and tested, starting from 
interaction with the wall (figure 7). Shapes inviting the wearer to interact with the wall in 
specific ways were in focus.  

 

Photographing, draping and sketching alternated in the design process and the utilization of 
these methods aimed to explore the repeated feeling in the garments, i.e. in the shape and 
the pattern of the fabric. After draping different details and silhouettes, pleats were 
integrated in the garments as a reference to the repetition theme. This process of finding 
shapes for the garments was repeated for the following designs: the pleats and the shape 
shared a common origin, but were not exact copies of the first garment. Before deciding on 
the final expression of the garment, the dancer tried the toils and gave feedback about the 

Figure 4 shows the relationship between garments shape and wall interaction   

!
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shape and the ability to move in the garments, e.g. comments on the length and width of 
parts of the garments to better facilitate movements of the leg up against the wall and 
adjustments on the pleats (figure 8). Later, some adjustments were made to the shape of the 
final designs.  

 

 

Fig. 5 shows images from the sketching process of the garments. 

 
!

Fig.6 shows images with the garments used in the performance. 
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Fig.7 shows images during the design process while sketching the wall interaction, the 
garments’ shape and the position of print!

Fig. 8 shows images with the ballet dancer testing the garment 

!
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Prints  

When designing with thermochromic ink, there are some basic aspects to consider in the 
process, i.e. the properties of the material and the print. Experiments were made with 
different fabrics such as cotton and wool, testing different thicknesses. Due to the fact that 
thermochromic print stiffens textile surfaces, we searched for ways of balancing the garment 
design with the expression of the print itself. We also had to perform tests to find out the 
duration of the visible effect caused by the heat on the different materials (figure 9, 10).  The 
experiments showed that the wool fabric retained heat the longest. The heat pattern kept its 
translated expression longer and, thus, wool became our first choice of material for the 
garments. We also tested different colour combinations in order to find out whether the 
expression of the heat pattern appeared clearly. We searched for contrasting combinations in 
order to make the changes in the patterns visible from a distance.  

 

The choice fell on screen-printing as the printing method for the thermochromic ink. 
Consequently, we decided to use the printing frame as a method for creating patterns on the 

Figure 9 shows print tests with different colour combinations: violet/pink. 

Figure 10 shows print tests with different colour combinations: green/cyan. 
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fabric; it also related to the theme of repetition. The shape of the frame created a repeated 
pattern on the fabric.  

 

The expression of the printed garments is described as structured because of the horizontal 
and vertical lines created by the printing frames (figure 11). The lines of the patterns on the 
fabric reinforced the expression of the vertical pleats. The checked pattern on the fabric was 
formed by dark lines and squares and their expression became strong in the overall garment 
design.  

 

Movement 

To be able to achieve the effect on the garment, all the elements of the set had to combine: 
the performer had to move in a loop, moving toward and away from the wall to create, 
translate and repeat patterns overlapping all the design dimensions, e.g. the wall, the 
garment, the space, the motions. The garments moved with the performer and the shape of 
the garment changed as the dancer moved (figure 12). The movement of the performer was 
one of the crucial elements for the expression in wearing and how we experienced the final 
result. This is also what needs further development in next phase of the project. 

 

Figure 11 shows the position of the printed pattern on the fabric. 
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!

Performance 

The design process started by arranging an initial performance, i.e. taking a holistic view on 
the project. In this phase, we focused on understanding the expressive value of the formal 
variables that influence design decisions. We reflected upon the essential relationships that 
define the overlaps of the design spaces. 

The shapes of the garments defined the movement of the body and, thus, the possible 
positions in relation to the wall. The garments invited the performer to move in a certain 
way: the way the body moved in space defined the placement, the shape and the depth of the 
emerging patterns on the garments. Relating different designs in this way, temporal pattern 
expressions were formed and repeated as a performance in space. The temporal pattern on 
the garment is a trace of repetition the performer attempts to perform. The dancers were 
given a single word to perform: “repeat”. They improvised repetitive motions. Subsequently, 
their actions in contact with and away from the wall began leaving repetitive patterns on the 
garment's surface; their looped movements added another dimension to the design of the 
garments, reinforcing our theme: “Repetition”. 

This initial setup worked as a platform and framework for our experiments with the body, 
the garments and their interaction with the textile wall (figure 13). In doing so, we aimed to 
map how all the design variables were put together and find out how they related to the 
results. We reflected upon how the body and the movements effected the changes in the 
expression of the garments, not only by drawing temporal patterns on the surface but also 
the way in which the shapes of the pattern were effected. In this first experiment, we 
searched for ways of enhancing the visibility of the temporal pattern on the garments and the 
project focused on finding ways of describing and emphasizing these expressions.  

 

Figure 12 shows images from the performance. 
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Figure 13 shows pictures from the performance. 
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Reflections on the design: methods and expressions of pattern 
translation  
 

Methods: formal variables for the pattern translations  

In the design process, the following formal variables regarding the walls, the garments the 
prints and the movements for pattern translations were identified: 

In Repetition, the movement of the dancer is a relational element that allows the pattern 
expression to connect walls and garments. Thus, the changing expressions of the garments 
are dependent on the knitting design of the walls (timing - programmed activation time 
sequence for the heat pattern, knitted pattern - shape made by the conductive threads, heat 
pattern - area heated when activated, temperature - intensity of the heat pattern) and the way in 
which the body interlaces movements, i.e. relating walls and garments.  

The way movement design is defined by the dancer depends on the timing – the time 
sequence when the body is/is not in contact with the wall, shape - the way the body shapes 
itself to the wall, recurrence - how movements are repeated. Accordingly, the shape of the 
garment influences the movements of the body and the interaction with the wall.  

The way the heat of the walls translates to the clothes is dependent on movement variables 
materialized through colour changes on the surface of the clothes. The expression of the 
colour changes on the garments also depends on the textile variables (material - thermal 
conductivity, density of the structure, print -thickness of the printed layer, contrast of printed 
colours). The surface of the garment reacts when the body comes into contact with the wall 
and, thus, the way in which the variables of the wall form the heat design and the way in 
which the interaction is formed by movement combine with the textile in redefining the final 
surface expression of the garment. 

The changing expression of the body in relation to the knitting design could be described in 
terms of accuracy and distribution of the surface of the clothes. Accuracy of the pattern 
translation describes the precision of the shape rendering of the walls on the garments 
through body movement. Distribution of the pattern translation describes the way the 
texture of the wall is repeated on the garments through body movement. The following five 
examples show specific expressions of accuracy and distribution.  

 

Expressions of pattern translations  

When designing a printed pattern, the shape and the way it is repeated are basic formal 
variables to be considered in the pattern forming process. The expressions of pattern 
translations add formal variables to those of a traditional printed pattern such as time, 
interaction, texture of the wall, movement of the body or shape and placement of the 
garment in space. The result focuses on describing some of the ways the wall pattern 
translates its texture on the garment, by the movement of the body in space. We will start by 

Walls

knitted pattern
heat pattern
timing
temperature

Garments

shape
print
material

relational element:
movement

timing
shape
recurrence
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describing formal aspects of basic design variables such as shape and repetition. The 
emerging expressions describe the accuracy of the pattern translation and the way the repetition 
is distributed on the garment because of the movement of the body in relation to the wall. 
The expressions, e.g. reflected, diffused, mirrored, superimposed, define ways of designing pattern 
translations through body interaction in space: they describe the way the visual 
transformation is manifested as patterns on the garment. 

Def. Accuracy of the pattern translation describes the precision of the shape rendering of the 
walls on the garments through body movement. The expressions can be reflected or 
diffused. A reflected expression translates the pattern of the wall to an identical shape on the 
garments through body movements. A diffused expression translates the pattern of the wall to 
an indefinite shape on the garments through body movements.  

 

Reflected  

Example 1.  

Fine lines of conductive yarns formed the knitted pattern on the wall. The garment was 
made out of light wool. The performer placed her back on the wall so that the backside of 
the garment came in contact with the wall. The heat pattern on the wall was immediately 
activated one knitted stripe as the body pressed the garment against the conductive lines. 
The emitting temperature was low. The body kept this position for a short time and then 
moved swiftly away from the wall. The duration of the interaction and the heat exposure 
were equally short (10 seconds). The pattern on the wall was translated with clear lines to 
form an identical shape as colour changes became visible on the garment (figure 14).  

 

Example 2. 

Robust ridges of conductive yarns formed the knitted pattern on the wall. The garment was 
made out of heavy wool. The dancer placed her front side on the wall, heavily enough to 
support his/her body on it, and the front area of the garment came in contact with the wall. 
The heat pattern on the wall activated as the body pressed the garment against the 
conductive lines at an interval of 10 seconds. The emitted temperature was higher compared 

Figure 14 shows the reflection of the pattern on the garment. 
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to the previous example due to the heavy wool in the garments. The body maintained this 
position for a while, allowing the garment to be exposed to heat long enough to translate 
with accuracy the outline of the knitted pattern onto the garment. The knitted lines of the 
wall were translated to form an identical shape as colour changes became visible on the 
surface of the garment (figure 15).  

 

Diffused  

 
Example 3 

a. overexposure 

Fine lines of conductive yarns formed the knitted pattern on the wall. The garment was 
made out of heavy wool. The body was placed so that the back of the garment came into 
contact with the wall. The heat pattern on the wall activated as the body pressed the 
garments against the conductive lines. The emitted temperature was high. The body stayed 
still, maintaining the same position. The time of exposure was long for the printed wool, 
exceeding 30 seconds. The knitted lines of the wall dispersed a constant amount of heat to 
the garment, influencing larger areas. When the body moved away from the wall, the colour 
changes became visible on the garment in the form of distorted shapes (figure 16). 

 
 

Figure 15 shows the reflection of the pattern on the garment. 

!
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Example  

b. underexposure 

Fine lines of conductive yarns formed the knitted pattern on the wall. The garment was 
made out of heavy wool. The body touched the wall briefly. The heat pattern on the wall 
activated some of the stripes as the body pressed the garment against the conductive lines. 
The emitted temperature was high. The time of exposure was less than 10 seconds, which 
made it difficult for the pattern to be clearly translated to the garments. The knitted lines of 
the wall dispersed an irregular amount of heat over the garment and merely influenced 
certain areas. When the body moved away from the wall, the colour changes became visible 
on the garment as interrupted lines (figure 17).  

 

Figure 16 shows the diffusion of the pattern on the garment. 

Figure 17 shows the diffusion of the pattern on the garment. 

!
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the garment. The translated patterns reflected the texture of the wall in different positions on 
the garment. The texture of the wall was overlaid on the same area with the striped patterns 
in rotated positions (figure 19). 

 

Mirrored 

Example 5 
Fine lines of conductive yarns formed the knitted pattern on the wall. The garment was 
made out of heavy wool. The body was placed so that the front side of the garment came 
into contact with the wall. The heat pattern on the wall activated for several of the 
conductive lines as the body pressed the garment against the wall. The temperature of the 
pattern was equally distributed over the knitted lines for an interval of 30 seconds. The body 
stayed still, pressing the garment against the wall, providing 20 seconds of exposure. The 
body then twisted rapidly to the other side of the wall, exposing the backside of the garment 
for an equal amount of time as that of the first action. The colour changes became visible on 
the front side of the garment and started to grow on the backside. By allowing both sides to 
come into contact with the wall, the patterns translated were mirrored as a regular repetition 
of the wall texture on the garment. As the dancer moved away from the wall, the pattern 
became visible on both sides. The garment translated the pattern from the wall and 
distributed it all around its own shape (figure 20). 

Figure 19 shows a rotated superimposition of the pattern on the garment. 

!

The Art of Research 2012 Helsinki  page 16 

Def. Distribution of the pattern translation describes the way the texture of the wall is 
repeated on the garments through body movement. Distribution can be superimposed or 
mirrored. A superimposed expression translates through movement the texture of the wall by 
overlapping the layer patterns on one side of garment. A mirrored expression translates 
through movement the texture of the wall on both sides of the garment. 

Superimposed  

Example 4 

a. parallel  

Fine lines of conductive yarns formed the knitted pattern on the wall. The front side of the 
garment was placed against the wall. The heat pattern on the wall activated one of the 
conductive lines as the body pressed the garment against the wall. The temperature of the 
pattern was equally distributed over the knitted lines for an interval of 30 seconds. The body 
stayed still for 20 seconds during the first exposure. Keeping the same orientation toward the 
wall, the body began to move up and down at short intervals; the body pressed against the 
same area of the wall by changing its position on the vertical axis at different time intervals.  

When the body moved away from the wall, the colour changes became visible on the front 
side of the garment. The patterns translated showed the regular repetition of the texture of 
the wall in different positions on the garment. The texture of the wall was overlaid on the 
same area with the striped patterns in parallel positions (figure 18). 

b. rotated 

Fine lines of conductive yarns formed the knitted pattern on the wall. The body was placed 
so that the backside of the garment maintained a twisted position in contact with the wall. 
The translated lines on the garment had a random direction compared to the horizontal 
stripes of the wall. The heat pattern on the wall activated one conductive line as the body 
pressed the wall using slow movements. The temperature of the pattern was equally 
distributed over the knitted lines for an interval of 30 seconds. The body stayed still, 
maintaining the twisted position, and moved away from the wall at a set time for each 
exposure. Keeping the same orientation toward the wall, the body began to rotate the 
shoulders in different directions, pressing the garment against the same area on the wall with 
slow movements. When the body twisted, colour changes became visible on the backside of 

Figure 18 shows a parallel superimposition of the pattern on the garment. 

!
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In Repetition, the experiments aimed at finding new ways of creating relationships between 
body and space by means of translating information as pattern design. Bridging relationships 
between body and space, dynamic patterns were formed and explored as a method of 
connecting design variables from fashion design, textile design and interaction design. In our 
explorations, we combined new materials and existing design methods from different fields 
to be able to formulate a new framework. The concept of pattern translations played a 
central role in the experiments: it aimed to open a dialogue between the design disciplines 
involved in the project and further reflections as foundations for a new design methods.  

Based on the practical work, we were able to describe the results in forms of expressions as a 
methodological frame for the design. The expressions found are definitions built on the 
design experiments: we see them as explanations aimed to widen the understanding of an 
individual design process.  

By describing the changes in the visual information, we focused in this stage of the project 
on finding ways of describing the pattern manifestation and formation on the garments. The 
expressions found in our experiments describe different forms of pattern translations: they 
illustrate how certain expressions can be formed using design elements related to both body 
and space when creating temporal patterns.  

The expressions are described in a simple way as outcomes of the design process and, also, 
illustrate methods to create them. The definitions are intentionally formulated as basic 
descriptions for the designs; in this context, they aim to illustrate fundamental concepts of 
pattern formations. Through pattern descriptions, the definitions communicate our 
understanding of the basic expressions that appear as visual changes in the garments, i.e. in 
terms of shape and repetitions: they influence the way in which wall interaction and 
movement should be related in the next design.  

As a way to contextualize our exploration of temporal patterns as a mediator between body 
and space, the context for the exploration has been set to a performance where a dancer 
translates the “informative state” of a wall as traces on the clothes. Thus, the wearer of the 
clothes is able to pattern the body in communicative ways through near-field interactions in 
space. In this way, the performance illustrates an example of how space could reveal 
temporal information which may only be discovered through direct interaction. Alternative 
programming design of the walls would open up other possibilities, where information could 
be programmed in various ways as heat patterns in the dynamic elements of the walls, 
discovered only through close interaction as patterns on the body.! 
These temporal expressions could be used as information or communication in playful 
spatial interactions forming the context of a performance or opening new ways to 
communicate, where the setting is defined by the relationship between garments, body and 
space. Directing ways of moving in space through clothes and walls, the expressiveness of 
the movement can be enriched by the expressiveness of the dynamic patterns occurring on 
the clothing.  

In Repetition, the dancer was asked to connect the elements of the setting, i.e. the walls and 
the garments, in repetitive movements and the performance focused around the idea of 
repetition. However, the dancer was given no instructions regarding the different possibilities 
the garments had to visually express the repetition through movement. Thus, the intention 
of the next design will be to give the dancer information on the way basic pattern 
expressions are formed, i.e. having the methodological framework become a platform for 
discussions. We aim to further explore how the design of the movement can be added in the 
initial setup of the performance to influence the textile and fashion process and, in doing so, 
we aim to enrich the pattern descriptions found in the present project. 
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Figure 20 shows a mirrored expression of the pattern on the garment. 

Dissemination:  reflections on experimentation as method for 
practise-based research in design  
One way of discussing experimental research in design is through the perspective of the new 
knowledge formulated to develop the methodology of the field, i.e. seeing practice as the 
main contributor to the understanding of the artistic potential brought about by new means 
of expression, e.g. materials, techniques, methods (c.f. Biggs, 2002; Frayling, 1993). 
Accordingly, the results describe the expressions found in the design and the materials 
explored (c.f. Hallnäs, 2010). They aim to reduce a complex process to an abstract 
explanation as a method for advancing knowledge when dealing with new design materials 
and, by doing so, intend to create a new foundation for the design field. 

The performance in Repetition acted as an initial start up: it framed essential questions for the 
design, i.e. how different variables, e.g. the textiles, the shape of the garment, or wall 
interaction, relate in the pattern expressions. We explored ways of illustrating these relations 
in the practical work. The design experiments in this practice-based research project 
functioned as ways of reflecting on the methods used. During work on the setup for 
Repetition, we interpreted the experiments not as finished designs but as design explorations.  
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References from the area of recording music are discussed and put in the context of kinetic 

textiles as a method for inspiration for developing the design examples.   

 

KEYWORDS: textile interaction design, smart textiles, knitting 

design, expressions of imitation 

This paper presents Stretching Loops – design 

examples of sensing and reactive knitted textiles 

able to record and replay human interaction. 

Placed in a room, textile tubes imitate 

interactions performed by a human through 

motor control. As an example of basic research 

in the context of textile interaction design 

research, Stretching Loops is part of a series of 

experiments exploring various interactive textile 

expressions. Stretching Loops serve as an 

example of exploring design variables related to 

different expressions of Imitation. As examples 

of motor controlled textiles, Stretching Loops 

are to be seen as material for further design.  
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Stretching Loops as material for further design 
 

By not positioning Stretching Loops in a certain context for a specific function, I wish to illustrate a 

method for investigating possible expressional properties in motor controlled textiles. As a 

method for further movement design, the borrowing of concepts from the area of music and 

applying them to the behavior of the textiles in relation to human interaction is meant as a way to 

spur the imagination by using familiar attributes. The materials are in this way suggesting certain 

expressions of imitation, but are also instruments, tools for further design. Stretching Loops are to 

be seen as inspirational material when aiming for certain properties in interactive textile 

applications, such as textile tangible interfaces, organic displays or kinetic textile sculptures, etc. 

 

The textiles use motors as examples of kinetic control. In combination with the Arduino 

microcontrollers, the textiles are programmed to move in distinct ways to be able to exemplify 

certain kind of movements. Stretching Loops are meant to give a deeper understanding of 

various design variables related to different expressions of Imitation.  

 

The approach of focusing on expressions is meant as a way to open up the design space when 

designing for interactive textiles. The implemented design examples explore design variables 

especially related to the design dimension of Timing. Conceptual ideas related to Spacing are 

further discussed and illustrated by the method of borrowing attributes from the area of music.  

 

Acknowledgements  
 

I wish to extend my gratitude to knitting technicians Lars Brandin and Tommy Martinsson at the 

Swedish School of Textiles. The project was made within the Smart Textile Design Lab 

[www.stdl.se] part of and financed by Smart Textiles [www.smarttextiles.se], VINNOVA 

VINNVÄXT.  
 

 
References 
 
Arduino, 2012. Available at: <www.arduino.cc> 

[Accessed 15 September 2012]. 

Berzowska, J., Coelho, M. 2005. Kukkia and Vilkas: Kinetic Electronic Garments. Proceedings of 

the Ninth IEEE International Symposium on Wearable Computers. Washington, USA 

October 2005. 

Braddock Clarke, S.E. and O´Mahoney, M. 2005. Techno Textiles 2: (Revolutionary Fabrics for 

Fashion and Design). London: Thames & Hudson. 

 
10th European Academy of Design Conference - Crafting the Future 13 | P a g e  

Coelho, M. and Maes, P. 2008. Sprout I/O: A Texturally Rich Interface. Proceedings of the 

Second International Conference on Tangible and Embedded Interaction. Bonn, Germany 

2008. ACM Press. 

Colchester, C. 2007. Textiles Today. London: Thames & Hudson. 

Hallnäs, L., & Redström, J. (2006). Interaction design: Foundations, experiments. Borås, Sweden: 

University College of Borås. 

Hallnäs, L. (2011). On the Foundations of Interaction Design Aesthetics: Revisiting the Notions 

of Form and Expression. International Journal of Design, 5(1), pp. 73-84.  

Landin, H. (2009). Anxiety and trust and other expressions of interaction Doctoral dissertation. 

Göteborg, Sweden: Chalmers University of Technology. 

McQuaid, M., Extreme Textiles – designing for high performance, Thames and Hudson, 2005 

Parkes, A. and Ishii, H. 2010. Bosu: A physical Programmable Design Tool for Transformability 

with Soft Mechanics. Proceedings of DIS 2010, the 8th ACM Conference on Designing 

Interactive Systems. Aarhus, Denmark August 2010. ACM 

Persson, A. 2009. Knitted circuits for visual and tactile interactive expressions. Thesis for the 

degree of licentiate. The Swedish School of Textiles, University of Borås, Department of 

Computer Science and Engineering, Chalmers University of Technology, Gothenburg, 

Sweden. 

Raffle, H., Tichenor, J., Ishii, H. 2004. Super Cilia skin: A textural interface. Textile: The Journal 

of Cloth and Culture, 2 (3), pp. 328–347. 

Ramsgard Thomsen, Hicks, T. 2008. To Knit a Wall, knit as matrix for composite materials for 

Architecture. Proceedings of Ambience, smart textiles conference, Borås, April 2008. 

Ramsgard Thomsen, M. 2009. Textile Logics in a Moving Architecture. Transitive Materials 

Workshop, CHI Computer Human Interface 2009. CHI2009  

Valente, Michael; Holly Hosford-Dunn, Ross J. Roeser (2008). Audiology. Thieme. pp. 425–426 

Wikipedia, 2012. Available at: < http://en.wikipedia.org/wiki/Flanging> 

[Accessed 15 September 2012]. 

Winograd, T. (1997). From computing machinery to interaction design. In P. Denning & R. 

Metcalfe (Eds.), Beyond calculation: The next fifty years of computing (pp.149-162). New 

York: Springer Verlag. 

Worbin, L. 2010. Designing Dynamic Textile Patterns. Doctoral Dissertation. The Swedish 

School of Textiles, University of Borås, Department of Computer Science and Engineering, 

Chalmers University of Technology, Gothenburg, Sweden. 

 

 
 
 
 


