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Abstract 

	
This practice-led research examines how the emerging role of the ‘material designer’ can 

enrich the design process in Human Computer Interaction. It advocates embodiment as a 

design methodology by employing tacit knowledge; focusing on a subjective, affective 

and visceral engagement with computational materials. This theoretical premise is 

explored by drawing on the fields of soft robotics, as well as transitive and programmable 

materials.   

 

With the advancement and democratisation of physical computing and digital fabrication, 

it is now possible for designers to process, or even invent and composite new 

programmable materials, merging both their physical and digital capabilities. This study 

questions how the notion of soft can develop a distinct space for the design of novel user 

interfaces. This premise is applied through a phenomenological understanding of 

technology development—as opposed to generating data which is solely reliant on 

observable and measurable evidence. 

 

Bio-engineered technologies such as electroactive polymer, pneumatic and hydraulic 

actuator systems are deployed to explore a new type of responsive, sensual and organic 

materiality. Here, traditional medical diagnostic applications such as microfluidics are 

transferred into the experimental contexts of textiles and wearable technology. Therefore, 

by thinking through physical prototyping, a bodily engagement with materials and the 

interpretation of the elements of water, air and steam; a designer can create a fertile 

ground for a polyvalent imagination. Together, this methodology is used as a qualitative 

system for collecting and evaluating data on the significance of design-led thinking in soft 

robotic materials. 

 

This research concludes that there are insights to be gained from the creative practice and 

exploratory methods of material-led thinking in HCI that can contribute to the commercial 

research and development fields of wearable technology. Outputs include a prototype 

box of ‘Invention Tools’ for textile designers and the identification and creation of the role 
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of embodied making in relation to the imagination. Further, soft composite hybrids, 

incorporating elastomers, have potential applications in colour, texture and shape 

changing surfaces. Thus, this thesis argues that it is within the creative soft sciences that 

the next advancements in soft robotics may emerge. 
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Chapter 1 : Introduction 

 

1.1 Project Background and overview 

The significant advances in the developments of soft robotics, as both a 

programmable and a transitive material, have the potential to transform the expressive 

nature of design. 

The aim of this study is to examine the potential of soft robotics through a frame of 

embodied imagination and making, which evokes discourses on materiality and 

immateriality, tangible and intangible, sensual and ephemeral. As a practice-based 

enquiry, this research aims to ‘examine the artistic process itself and how learning 

occurs through that process.’1 

The human body is placed at the centre of this research question, and it is here that 

this investigation translates embodiment as a design methodology by engaging the 

human body as an active part of the living design process, arguing for a direct and 

affective engagement with the physical design of the soft machine.  

By questioning ‘why does soft matter', we are also asking ‘why is soft relevant’? This 

interrogation is used to challenge the assumptions of positivism,2 a research paradigm 

correlated with the natural sciences which maintains that knowledge can only be 

generated through observational, empirical and measurable evidence. Holding an 

alternative epistemological stance related to phenomenology,3 we argue in favour of 

using human experience as a valuable source of data, rather than reducing people 

and their behaviour to variables. Our use of practice-based research, therefore, 

employs design artefacts to construct questions as a source of data.4 We argue that 

design,5 and the subjectivity that emerges throughout this research process, can be 

used to produce new forms of knowledge, specifically within the relationship between 

                                                
1 Maggi Savin-Baden and Claire Howell Major, Qualitative Research (Milton Park, Abingdon, Oxon: 
Routledge, 2012), p.293 
2 Ibid., p.18 
3 Ibid., p.61 
4 This approach of research through design is examined in more depth in Chapter 3.  
5 Specifically this study deals within the domain of material-led design. 
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smart materials and human-computer interfaces.6 Human Computer Interaction (HCI) 

is an area of research which studies the relationship between humans and computer 

systems; it is here where we investigate how material-led design can enrich the 

development of emerging technologies within HCI.   

First, we question how programmable soft materials offer the opportunity to amplify, 

develop and foster our interactions. Wearable technology, as a material system, can 

characterise a new relationship between wearers and garments, thus augmenting the 

way we interact with our own bodies.  

Second, we ask how the application of computational components to flexible, soft 

substrates can blur the boundaries between the physical and the digital, thus 

transforming our notion of materiality.  

Third, through our final case studies, ‘Building a Soft Machine’ and ‘Symphonic 

Materials,’ we develop specialist ‘material’ design thinking methods which encompass 

the link between imagination, material and hand; a method of acknowledging the 

kinaesthetic imagination.  

This thesis asks ‘Why does Soft Matter?’ through the following questions: 

• Why are we concerned with the subjective and emotive methods of a textile 

designer? Can ‘embodied material thinking’ create an alternative strategy for 

R&D soft material innovation?  

• How can we explore the role of materiality in soft robotics? What kind of new 

materials or fluid experiences are we aiming to discover? 

• Through the use of imagination and embodiment, what notions can the 

phenomena of soft robotic materials and programmable machines elicit?  

• How can materials designers use their unique skills in the development of 

emerging interfaces within HCI, such as Tangible User Interfaces (TUI), Organic 

User Interfaces (OUI) and Ephemeral User Interfaces (EUI)? 

 

                                                
6 Manuel Kretzer, Andrea Minuto, and Anton Nijholt, ‘Smart material interfaces’, in: Proceedings of the 
15th ACM International Conference on Multimodal Interaction - ICMI '13,(NewYork: ACM, 2013)   
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To begin at Chapter 2, ‘Material Policy’ provides a contextual grounding to the main 

argument. That is, a questioning of the classical objectification used in the design of 

emerging materials for wearable technology. Technologies acting at the interface of 

the body can offer an opportunity to extend, explore and re-imagine user experience. 

This could, in turn, replace the current value and focus which is placed on quantitative, 

binary data streams, objective design methods and task optimisation. This study, 

therefore, aims to develop new research methods towards programmable materials 

which have the potential to encompass sensitivity towards material.  

Chapter 3, ‘Hard Science versus Soft Sciences’, outlines the theoretical arguments of 

our research question by placing this work in dialogue with phenomenology, 

embodiment, material culture, human-computer interaction and design thinking. 

These are then all underpinned by our questions surrounding the translation of tacit 

knowledge. Tacit knowledge, as originally defined by scientist and philosopher 

Michael Polanyi,7 is a form of intuitive and unarticulated knowledge. This contrasts with 

explicit knowledge, which can be more easily formalised and codified. The theoretical 

frameworks subsequently feed into the practice through considered reflection. We 

review the theoretical and methodological framework of the thesis, and the 

implications of these offerings are examined in the context of wearable technology 

and material design.  

Chapter 4, ‘Bricolage Practice’, plays an analytical role in the research project by 

demystifying the role of technology and reframing the modern textile designer as a 

‘material hacker’ – engineering with an alchemist's mind. Characterised by continuous 

learning, Bricolage Practice articulates a material-led approach to programmable 

materials by deciphering engineering papers and deploying the democratisation of 

technology and DIY culture as a tool to develop an embodied process for designers.  

Chapter 5, ‘Soft Robotics’, examines how different disciplines define soft robotics.  

Where are the meeting points? Where are the differences? And, where are the 

moments of potential? A case study in collaboration with Bristol SoftLab (Bristol 

                                                
7 Michael Polanyi and Amartya Sen, The Tacit Dimension (Chicago: University of Chicago Press, 2009) 
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Robotics Laboratory), ‘ChromoSkin’ (electroactive polymers), is used as an initial 

starting point to develop our argument for the emergent roles of the textile designer 

and soft robotics. 

Informed by our collaborative case study on soft robotics, reviews of computational 

materials and newfound access to physical computing, Chapter 6, ‘Building a Soft 

Machine’, investigates how the distinct role of the textile designer is able to enrich the 

design process in HCI. This research will employ embodiment as a design 

methodology by focusing on a subjective, visceral engagement with material and 

physical computing, and using tacit textiles expertise for the fabrication of an 

interactive textile composite. 

Chapter 7, ‘Symphonic Materials’, considers a future of wearable fluidic materials 

through a frame of embodied making and imagination. The aim of this chapter is to 

develop material-led design thinking to support soft, haptic, palpable, affective, 

tactual and computational experimentation. We conclude by considering how the 

experiment can provide new capabilities, both embodied and speculative, for design 

researchers to explore the invention of the emerging technologies for wearables.  

Finally, the concluding chapters, 8, ‘Discussion and Conclusion’, and 9, ‘Future’, outline 

the original contribution to knowledge and build on concepts developed during this 

research period, thereby shaping how this new knowledge can be expanded and 

commercially translated. The aim of this research is to function as a platform to 

develop imaginative methods in the invention of soft programmable materials. 
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1.2 Aims of objectives: Why does Soft Matter?  

In this thesis, an original contribution to knowledge is argued on the following three 

themes: 

A. An expansion of the current definition of textiles as a form of new materialism 

and the identification of the emerging role of the textile designer within 

programmable materials as a hacker, a bricoleur and an alchemist. 

B. Materials-led Human Computer Interaction (HCI): Novel Interfaces and Soft 

Robotic Materials. 

C. A prototype box of ‘Invention Tools’ for textile designers; identification and 

creation of the role of embodied making in relation to the imagination. 

1.3 Personal Background 

The personal experience of the researcher is used to foreground this study. Personal 

experience8 is employed to critically reflect on the wider contextual, social and cultural 

implications of smart textiles and wearable technology research & development 

(R&D).9 The majority of the thesis is written in the third person; a neutral voice of 

analysis. In contrast, the first person voice, formatted in a bold typeface, is interwoven 

throughout the text to provide emphasis to the subjective data gathering of this 

research.10 These specific points of reflection acknowledge the intuitive response of 

the researcher and helped to capture and identify aspects of the ‘making experience’ 

in contrast to the technical content of the practice. 

Rainbow Winters, the brand established by the author in 2010, seeks to express the 

emotive and aesthetic expressions of technology.11 Merging material innovations with 

                                                
8 Through the methodological approach of autoethnography examined in Chapter 3.  
9 R&D is a constituent of innovation using applied research [technological] to facilitate future product 
development. We use R&D here to describe the commercial development of smart materials.  
10 Our rationale behind the first-person and third-person voice is discussed in more depth in Chapter 
3.  
11 Rainbow Winters (2017) http://www.rainbowwinters.com [accessed 14 February 2017] 
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fashion, the garments used interactive textiles, which were responsive to external 

influences such as light, sound, speed and moisture.   

Having trained formally in theatre design, the author’s initial inspiration was to create a 

visual, transforming narrative. Interactive textiles have the ability to express this – thus 

creating a story through material.  

The sound-reactive Thunderstorm Dress (2010), as an example, turned the wearer into 

a living thunderstorm with the aim of creating ‘visual music’ (see Fig.1.1) The 

electroluminescent panels sewn into the dress are triggered by sound; when the 

volume rises the dress flashes, simulating lighting. This dress was inspired by the 

powerful energy release of a violent summer storm witnessed over the Alps, making 

the final dress automatically relatable. Who has not experienced the visceral thrill and 

enchantment of thunder and lightning?12   

Electroluminescent panels are a screen-printable multi-layered material, with a certain 

degree of flexibility. These printed electronic sheets worked well when paired with an 

equally sturdy material, such as leather. However, rather than showcasing an 

engineering principle, the aim was to develop a sensory experience through 

technology. The visceral impact of the dress in popular culture, and its connection to 

experience, rather than usability, meant that the dress was publicised throughout the 

fashion industry,13 wearable technology maker culture14 and also mainstream news.15 

 

                                                
12 ‘Redefining fashion with interactive textiles’, Queen Elizabeth Prize for Engineering (2016) 
<http://qeprize.org/createthefuture/redefining-fashion-interactive-textiles/> [accessed 9 October 
2016] 
13 Chandra Steele, ‘PCMag's Coco Rocha explores CE Week's wearable tech’, PCMag UK, 21 July 
2013. <http://uk.pcmag.com/consumer-electronics-reviews-ratings/14462/news/pcmags-coco-rocha-
explores-ce-weeks-wearable-tech> [accessed 17 January 2016] 
14 Rene Bohne, Making Things Wearable - Intelligence kleidung selber schneidern, (s.l.: O'Reilly Verlag, 
2013) 
15 Rob Walker, ‘Fashion’s big brands follow the money to join the wearable tech revolution’, Guardian, 
14 February 2015 <http://www.theguardian.com/technology/2015/feb/14/fashion-phones-wearable-
technology> [accessed 17 January 2016] 
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Fig.1.1: Sound-reactive Thunderstorm Dress. Photo: Cereinyn Ord (2010) 
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Fig 1.2: Rainforest Dress. Sun and water-reactive. Changes colour in response to sunlight and 
water. Transitional textiles. Left: Dress indoors Middle: Dress on reaction to water Right: Dress 
on reaction to sunlight. Photos: Cereinyn Ord (2011)  

A further illustration can be found in the Rainforest Dress, which reacts to 

environmental elements, altering its colours in response to sunlight and water. (see 

Fig.1.3)  Here the water-reactive ink (hydrochromic) 16 disappears, revealing the 

printed colours underneath the dress. Sun-reactive ink (photochromic) remains 

invisible out of the sun, changing to lilac hues when exposed to UV light. The initial 

concept was based on the notion of a transformative garment which can mirror 

seasonal cycles of change, such as winter shifting to spring. This particular approach 

was not driven by techniques found in textile engineering as the author did not have 

an engineering background nor a specific motivation to, for example, measure the 

exact levels of UV for colour activation. In contrast, a visual enchantment to elicit magic 

and experiential qualities through the audience and material agency became of 

interest. The dress was drawn out in storyboards in an imagined setting of flowers 

‘blooming' in sunlight or a black and white palette morphing into one that was multi-

coloured under torrential spring rain. 

Prior to carrying out these experiments in wearable technology, the study of textile 

design was incorporated into the author’s school days, accompanied by a particular 

                                                
16 Hydrochromic ink is a reversible ink which is white when dry and clear when subjected to water. 
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interest in a bricolage approach to mixed-media textiles, collage, painting, montage, 

compositing, stitching and appliqué. Instead of using a paintbrush, the use of textiles 

offered a more expressive, evocative and experimental tactility characterised by 

adding, shredding and evoking.  

A degree in Theatre Design at Central Saint Martins followed. It was hoped that this 

would combine the multi-disciplinary interests of textiles, fashion, sculpture and film. 

Initially, this experience was to prove challenging, as the design methods contrasted 

sharply with the familiar, tactile and explorative material-based work of textiles. Rather 

than ‘physical making’, design approaches aligned more with architectural practice 

(creating 1:25 scale models of designs); film school (storyboarding into various 

sequences to fit a narrative); and numerous speculative projects which honed the 

imaginative, conceptual and storytelling skills of the student, but delayed practical 

execution until the design had been finalised on paper. It was, however, collaborative, 

with students drawn from backgrounds in drama, architecture, fashion and illustration. 

Specialising in music-based narratives, such as opera, music videos and musicals, 

shaped an opportunity for a more intuitive design process. Designing for music 

became an instinctive and expressive development. Music videos provided a vehicle 

for quick, visceral and punchy sensibilities while designing for opera required slower 

abstracted highs and lows. Storyboards would progress through a flowing, 

impressionistic arrangement by painting and plotting out elements abstractly. The 

notion of ‘transformation' was frequently applied as a dramatic device to imagine 

scenic transformations – the idea being to ‘design like a symphony'. These ideas will 

be explored in more depth as a method in Chapter 3, under ‘time-based bricolage’.  
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Chapter 2 : Material Policy 

  

2.1 Contextualisation 

In recent years the phrase ‘wearable technology' has shifted from a niche of 

experimental prototypes into a commercial opportunity. In doing so, soft materials, 

material science, engineering and fashion have intersected and become entangled. 

This recent commercial drive in wearable technology has acted as a spur to so-called 

‘smart’ textiles and multi-sensory garments, which are seen as an important part of this 

fast-growing industry. Commercial growth has been observed in TopShop’s start-up 

programme for wearables,17 L’Oreal’s newly established wearables division18 and 

Intel’s ‘make it wearable’ campaign.19 These are examples of major brands in, 

respectively, fashion, beauty and technology. 

Further, the miniaturisation of technical components and the rise of technology and 

designer collaborations have created a host of multi-sensory textile developments 

defined through sensors and microprocessors. These materials are able to interact, 

communicate and also sense, as documented recently by industry experts such as 

Sarah Kettley,20 Bradley Quinn2122 and Rebeccah Pailes-Friedman.23 Gaps identified 

include a lack of sensory ‘material’ awareness and experimentation. Cute Circuit,24 

Moritz Waldmeyer25 and XO Studios26 have also found success as a platform within 

                                                
17 Rachel Arthur, ‘Seeking start-ups: Topshop launches innovation programme geared to wearable 
tech’, Forbes (2016) <http://www.forbes.com/sites/rachelarthur/2016/04/27/seeking-start-ups-
topshop-launches-innovation-programme-geared-to-wearable-tech/#1b68e2f270c9> [accessed 12 
December 2016] 
18 Ibid. 
19‘America's Greatest Makers – Welcome to the America's Greatest Makers digital experience’, 
America’s Greatest Makers (2017) <https://www.americasgreatestmakers.com> [accessed 15 
February 2017] 
20 Sarah Kettley, Designing with Smart Textiles (London: Fairchild Books, 2016) 
21 Bradley Quinn, Fashion Futures (London: Merrell, 2012) 
22 Bradley Quinn, Textile Futures (Oxford: Berg, 2010) 
23 Rebeccah Pailes-Friedman, Smart Textiles (London: Laurence King, 2016) 
24 ‘CUTECIRCUIT’ (2016) <http://www.cutecircuit.com> [accessed 13 December 2016] 
25 ‘Will.I.Am – Tailored Video Jacket’, Moritz Waldemeyer (2016) <http://www.waldemeyer.com/will-i-
am-tailored-video-jacket> [accessed 11 December 2016] 
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popular culture through celebrity endorsement and soft electronics. However, these 

are all still considered to be a niche interpretation of wearable technology. To 

emphasise this point, we can see that Cute Circuit have put their focus into advancing 

the technology of the miniaturisation of LED components embedded into garments – 

something which can result in limited visual and sensory language.   

Textile designer Lauren Bowker, of the company The Unseen, in contrast employs a 

self-described approach of ‘material alchemy’ – that is, experimenting with a range of 

responsive printed inks. These include thermochromic (heat-sensitive) and 

piezochromic (wind-sensitive) inks on such natural materials as feathers and leather.27 

The brand, therefore defines its practice to be in opposition to the more electronic-

orientated wearables due to the latter's hard and clunky components. 

Complementing Bowker’s approach, textile designer Dahea Sun constructed the Rain 

Palette as a way of ‘visualising air quality through rainwater’.28 These naturally dyed 

materials transform in colour in response to pH levels of rainwater, resulting in a 

nuanced and subtle display of environmental data.  (see Fig. 2.1) 

 

 

 

 

 

 

 

 

 

                                                                                                                                
26 ‘XO’, Studio-xo (2015)  <http://www.studio-xo.com> [accessed 11 April 2015] 
27 ‘T H E U N S E E N’, Seetheunseen (2017) <http://seetheunseen.co.uk> [accessed 14 February 2017] 
28 Dahea Sun (2016) <http://www.sundahea.com/rain-palette> [accessed 13 December 2016] 
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Fig.2.1: Rain Palette. Photo: Dahea Sun (2013) 
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Similarly, fashion designer and academic Ying Gao’s29 emphasis on poetry and 

craftsmanship deploys technology as an instrument to demonstrate metaphorical 

ideas rather than technical principles. Her Living Pod,30 for example, uses motors and a 

light-sensor to twist and manipulate delicate organza. Environmental elements such as 

light trigger the motors, creating a tactile interface.  

This thesis will, therefore, be positioned between material and computational 

practices. Thinking through physical prototyping, a bodily engagement with materials 

and reflexive practice is at the core of the textile designer's work. Anne Louise Bang, 

design and textile educator, articulates how the textile designer works by 

‘communicating tactile and visual characteristics of materials’,31 and states that this 

particular method of working is produced through ‘cultural references and heritage, 

trends and personal experience research-based knowledge.’32  As a result, we can 

argue that engagement with textile practice enables the exploration and 

experimentation of computational design through material, allowing the maker to 

express his or her tacit knowledge. Conversely, the computational, rather than being 

just a collection of clunky components used to measure and quantify, can be applied 

to ‘textiles thinking' as a tool for experiential, interactive and aesthetic capabilities. 

During this study, the author exhibited at the International Consumer Electronics Show 

(CES 14, 15) 33 34 and Consumer Electronics Week (CE 13) and witnessed increasing 

commercial interest from consumer fashion and sportswear organisations seeking 

convergences.35 The following reflections have been taken from the analysis of the 

personal experience of working within the cultural setting of  consumer electronics. As 

a result of these experiences, the thesis is directed towards providing a voice to the 

development of a critical methodology for contemporary designers of soft materials. 
                                                
29 Ying Gao, ‘Ying gao – designer’ (2016) <http://yinggao.ca> [accessed 13 December 2016] 
30 Ying Gao, ‘Ying gao – designer’( 2017) <http://yinggao.ca/interactifs/living-pod/> [accessed 26 
February 2017] 
31 Anne Louise Bang, ‘Fabrics in function - emotional utility values’, in: Proceedings of the 2nd Nordic 
Design Research Conference, (Stockholm, Sweden, May 27-30, 2007)  
http://www.nordes.org/opj/index.php/n13/article/view/159 
32 Ibid.  
33 A global consumer electronics show which typically displays the latest presentations of new 
products and technologies.  
34 Walker, 2015. 
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At CES, the human body was frequently referred to as ‘body real estate’36 by press, 

exhibitors and industry insiders:  

The word ‘wearable’ has become so synonymous with products such as 

‘wristbands’ and ‘tracking devices’ that at CES 15 a delegate questioned 

me: ‘where are the wearables?’. I responded that the garments were 

‘wear-able’. He looked confused and explained that he meant wristbands 

and glasses.  (Journal entry: 15th January 2015) 

The body has been commodified, objectified and compartmentalised by companies 

and research laboratories eager to commercialise and exploit the ‘hot trend' of 

‘Wearables’37 – smart watches, bands and headgear embedded with sensing 

capabilities, which quantify, measure and calculate. The majority of ‘wearables’ on 

display face issues of market unacceptability, and are the result of statistical data 

employed in the context of industrial engineering design practices (see Fig. 2.2). The 

consequences, as exposed by the wearable technology trends of wristwear, are 

systems that fail to acknowledge the complexity of being in this world.38 Interaction 

designer and academic Kristina Höök further comments that our embodied 

experiences of the world are ‘are integral to how we come to interpret and thus make 

sense of the world.'39 In this sense, we include the embodied voice of the researcher 

through emboldened excerpts.  

Technologies acting at the interface of the body in HCI offer an opportunity to extend, 

explore and redefine user experience. However, the objectified standardisation 

commonly found in a Cartesian-inspired design of human-machine integration can 

isolate us within a fixed chain of procedures and overlook opportunities to develop 

embodied, sensitive and nuanced methods of expression. 

 

                                                
36 Joseph Dvorak, Moving Wearables Into the Mainstream (New York: Springer, 2008), p. 107 
37 ‘Wearable Technology Market by Product - 2020| MarketsandMarkets’ (2016) 
<http://www.marketsandmarkets.com/Market-Reports/wearable-electronics-market-983.html> 
[accessed 4 February 2016] 
38 Antonio R. Damasio, Descartes' Error (London: Vintage, 2006) p. 249 
39 Kristina Höök, ‘Transferring Qualities from Horseback Riding to Design’, in: Proceedings of the 6th 
Nordic Conference on Human-Computer Interaction: Extending Boundaries, (Reykjavik, Iceland, 
October 16-20, 2010) (New York: ACM, 2010)  
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Fig.2.2: Presentation slide at Westminster Media Forum: Prospects for the British 
fashion industry - domestic manufacturing, skills and wearable technology. Diagram: 
Author (October 2014)  

 

Arguing against this classical objectification, cultural ecologist and philosopher David 

Abram lends an example most of us can probably remember from our secondary 

school biology classes: 

The breathing body, as it experiences and inhabits the world, is very different 

from that objectified diagrammed in physiology textbooks, with its separable 

‘systems’ (the circulatory system, the digestive system, the respiratory system, 

etc.) laid bare in each page.40  

In contrast, the embodiment theories of philosopher Maurice Merleau-Ponty41 provide 

an alternative to René Descartes' dualism of a radical separation of mind and body – 

thus offering a holistic lens through which to view and design novel materials through 
                                                
40 David Abram, The Spell of the Sensuous (New York: Pantheon, 1996), p. 45 
41 Merleau-Ponty 
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a vigorous and visceral engagement with the lived body throughout the design 

process. This emphasis on the subjective, embodied and affective design experience 

is crucial in developing a methodology which is unique to those who have a complex 

and nuanced relationship with material, such as textiles, fashion, jewellery, costume 

and set designers. 

Another key point is provided by digital critic Jaron Lanier, who argues for the re-

design of machines which are not solely based on the principle of binary values. This 

re-framing of the machine could enhance the ability to develop and articulate self-

expression.42 To clarify, Lanier argues that: 

The binary character at the core of software engineering tends to reappear at 

higher levels. It is far easier to tell a program to run or not run, for instance, 

than it is to tell it to sort of run.43 

Wearable technology, a close relative of the consumer electronics industry, has 

inherited the ‘binary’ character of software engineering. We can thus argue that 

wearable technology is often technology-led and a commercial R&D system that is a 

direct product translation of the binary character of the consumer electronics industry, 

has accordingly developed based on propositional knowledge. In contrast with 

explicit and propositional knowledge, Polanyi’s premise of tacit knowledge, 'we can 

know more than we can tell’,44 offers informed ‘hunches’ as specific and embodied 

ways of knowing.  

There have been key developments in the progress of making wearable computing 

into forms that are more expressive. Increasingly, textile designers with an affinity for 

technology and its multi-sensory capabilities are re-branding themselves as ‘materials 

experience designers', ‘trans-disciplinary designers' and ‘materialogists' as a way and 

                                                
42 Jaron Lanier, You are not a Gadget (New York: Alfred A. Knopf, 2010), p.63 
43 Lanier, p.71 
44 Michael Polanyi, Michael and Amartya Sen, The Tacit Dimension (Chicago: University of Chicago 
Press, 2009) 
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means of describing their emerging position.45 As fashion designer and educator 

Anna Lottersberger points out: 

The science-design gap may provoke a radical rethink of textiles; as the 

science of textiles grows more complex, there will undoubtedly arise different 

perceptions and definitions of what a textile designer is.46 

By the same token, traditionally HCI has grown out of the discipline of computer 

science. Placing textile design within the field of HCI opens up further questions: Can 

the traditional textile designer grow and evolve into a new role – i.e. a modern material 

designer within ‘human-material interaction.’  

2.2 Why Soft Robotics?  

At the start of this project, in October 2013, this study aimed to explore soft compliant 

materials with embedded sensors and actuators. This research project is built on four 

years (2008-2012) of engaging with novel technologies for textiles and fashion, during 

which time the researcher has developed her own bank of tacit knowledge. Project 

examples include a ready-to-wear line at retailer Brown Thomas,47 the development of 

the stretch-reactive Polymer Opal Material at Cambridge Nanophotonics and custom-

made showpieces for advertisements, exhibitions and music videos.  

A new direction emerged following a presentation and brainstorming discussion 
48held at the Printed Electronics Europe Conference, IDTechEx, Berlin April 2012.49 

The conference discussed the potential for interactive polymers for textiles/fashion 

applications and the subsequent discovery of soft robotics at the Polymers for Energy 

                                                
45 Presentation on ‘Post-digital synthetics’ to RCA Textiles MA students [April 2016]. Description of 
event: The future of digital/physical design integration and the convergence of biology, polymers and 
electronics for polyvalent surfaces and structures. As fashion and textiles practitioners of the 21st 
century they promote biological atelier and soft machines as hybrid eco-systems of design. 
46 Anna Lottersberger, ‘Design-driven innovation for the textile industry’, Advanced Materials Research, 
331 (2011), 730-734  
47 ‘Brown Thomas’, (2016) <http://www.brownthomas.com> [accessed 31 October 2016] 
48 Brainstorming discussion with polymer chemist Phillip Konstanzo [California Polytechnic State 
University] 04/04/12. 
49 ‘Printed Electronics Europe 2012 | Tradeshow Theatre’ (2016) <http://www.idtechex.com/printed-
electronics-europe-12/theatre.asp> [accessed 10 August 2016] 
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Harvesting seminar with the Materials KTN (June 2012).50 These experiences fertilised 

the new direction that the wearable technology practice would take.  A determined 

shift from costume- and performance-related wearable technology occurred towards a 

focus on the affective ‘materiality' of technology. Further, it became apparent that the 

core interest lay within the material processes and what this alchemy could offer. While 

the machines would not need to change, the materials and their processes could. 

Today, with advances in programmable materials, designers are stimulated by, and 

are starting to engage directly with, the work of soft robotics laboratories. Soft robotics 

is currently defined as a sub-field of robotics, which develops organically-inspired 

flexible materials, mechanisms and structures, which are able to adapt more easily to 

interaction with humans: stretchy, they are elastic materials which can be programmed.   

Although an emerging and dynamic field, there is still confusion surrounding the 

actual term ‘soft robotics’ as to whether this is a multidisciplinary field, a buzzword or 

merely a category; how different disciplines define soft robotics, and where the 

meeting points and the moments of difference are located.  

This thesis, therefore, aims to question how design-led materiality can operate as part 

of the future of soft robotic inventions. Amongst the questions posed are: Can material 

designers adopt an active role? Can they, by embedding their methods throughout 

the research and development process, create defined and formalised roles? This is 

particularly important at the early stage of emerging technology development, as 

opposed to the current standard mode of operation – which mostly functions to create 

attractive packaging for a finished black box of technology.  

Thus, we position this research as a qualitative inquiry into how soft robotics can be re-

imagined through an embodied and sensory approach to computational materials. 

                                                
50 Andrew Conn, Bristol SoftLab (BRL) lecture ‘Electroactive Polymer Actuators’  at the ‘Polymers for 
Energy Harvesting’ seminar at The Institute of Materials, Minerals and Mining 29/06/12. Other 
technologies included PVDF, piezoelectric PVDF fibres, ceramic fibres on polymer films and 
electroactive polymer actuators. Conn introduced various types of electro-active polymers. It was at 
this point that a discovery between soft robotics and textiles/fashion was conceived. Correspondence 
was initiated with BRL (July 2012) and followed up with a meetings at the BristolSoft Lab (BRL) 
[October 2012].   
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Chapter 3 : Hard sciences versus soft sciences 
 

3.1 Introduction 

How can we begin to explore and understand a practice and design-led approach to 

soft programmable materials? In this chapter, we start with a neutral voice of analysis 

which sets out our argument for the embodied voice of the researcher later in the 

chapter when we will directly link our process with the theories examined.  

 

The fast emerging soft robotics movement is shaping a whole set of meta-materials, 

which are ripe for development to explore the affective, aesthetic, imaginative and 

critical dimensions of wearable technology. These morphable machines are uniquely 

appropriate to the pliable and adaptable nature of textiles, appearing as a soft skin 

ready to interface with the human body.  

 

Leading laboratories in this field, such as the Lewis Lab51, Whitesides Research 

Group52 (both at Harvard University), MIT SAMs Lab,53 BRL,54 AMOLF55 and Purdue56 

are formulating sensor-triggered artificial muscles, shape-changing fabrics, self-

healing materials and microfluidic systems. However, having gained traction across the 

field of HCI,57 these developments remain under-explored for the creative, material 

and practice-led disciplines of fashion, textiles and jewellery. This means that fresh 

opportunities are evolving for materials designers to propose alternative approaches 

                                                
51 ‘Lewis Research Group, Harvard University’, (2017) <http://lewisgroup.seas.harvard.edu> [accessed 
15 January 2017] 
52 ‘Whitesides Research Group’, (2017) <http://gmwgroup.harvard.edu> [accessed 25 March 2017] 
53 ‘MIT SAMs Lab’, MIT (2017) <http://web.mit.edu/zhaox/www/> [accessed 15 January 2017] 
54 ‘Soft robotics’, Bristol Research Laboratory (2017) 
<http://www.brl.ac.uk/researchthemes/softrobotics.aspx> [accessed 17 January 2017] 
55 Bas Overvelde, Dario Albert, Giorgio Oliveri, Niels Commandeur, and Yun Li et al., ‘Soft Robotic 
Matter’,  AMOLF (2017) <https://amolf.nl/research-groups/soft-robotic-matter> [accessed 15 January 
2017] 
56 ‘The Faboratory at Purdue University’, Purdue University (2017) 
<https://engineering.purdue.edu/Faboratory/> [accessed 15 January 2017] 
57 Marcelo Coelho and Jamie Zigelbaum. ‘Shape-changing interfaces’, Personal Ubiquitous 
Computing, 15 (2010), 161-173  
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and scenarios beyond the classical wearable application of soft exoskeletons.58 

Second Skin,59 an emergent bio-system for the body, is one such example; it is crafted 

as a synthetic bio-textile, actuated by sweat, and driven by living bacteria. While not a 

commercially available product, the prototype invites us to reconsider a creation, or 

even production process, whereby actuators are positioned as ‘grown rather than 

manufactured.’60 

Soft robotics is a multi-disciplinary field, yet its growth remains situated within the 

disciplines of the sciences - especially bioengineering, biology, electrical engineering, 

mechanical engineering, textile engineering, material science, chemistry and artificial 

intelligence. Recently, the field has started to expand to areas such as ‘wearable’ and 

‘textile’ soft robots, the Wearable Robotics Symposium (WeRob)61 being one such 

example; however, studies have focused on assisted living and healthcare. Therefore, 

opportunities are open for the material-led disciplines of fashion and textiles to 

develop alternative yet complementary approaches to the development of soft 

robotics.  

The defining attribute of scientific methods and results is objectivity – the hallmark of 

good ‘scientific research’, which has an identifying characteristic feature of being free 

from bias. However, as phenomenologist and cultural ecologist David Abram 

advocates, ‘The living pulse of subjective experience cannot finally be stripped of the 

things that we study.'62 This suggests that even within objective scientific research, bias 

is inevitable, as we are all rooted within cultural contexts.63 

Can we, therefore, use our role as practice-based researchers to demonstrate the 

value of creativity within the development of soft robotic materials? 

                                                
58 ‘Soft Robotics Toolkit’ (2017) <http://softroboticstoolkit.com> [accessed 18 January 2017] 
59 Lining Yao, Helene Steiner, Wen Wang, Guanyun Wang, and Chin-Yi Cheng et al., ‘Second Skin’, in: 
Proceedings of the 2016 CHI Conference Extended Abstracts on Human Factors in Computing 
Systems - CHI EA '16, (San Jose, California, May 7-12 2016) (New York: ACM, 2016)  
60 Ibid. 
61 WeRob2016: International Symposium on Wearable Robotics, La Granja, Segovia, Spain, 18-21 
October, 2016 http://werob2016.org> [accessed 26 February 2017] 
62 Abram, p. 34 
63 Jonathan Marks, Why I am not a Scientist (Berkeley: University of California Press, 2009), p. 3 
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3.2 Subjective vs. Objective Methods 

The core purpose of this research is to offer an artistic interpretation of soft robotics by 

employing the making of soft robotic experiments as its primary practice to 

understand the role of tacit knowledge.64 To begin, it is necessary to recognise that 

designers and engineers use a separate mapping system for finding the road towards 

knowledge creation. We are working within the context of an art-school environment, 

on soft surfaces, which meshes methods from the diverse disciplines of Textiles, HCI 

and bio-engineering. Given the acknowledged nature of this research, the 

methodological approach of this study employs a mixture of both objective and 

subjective methods. A creative and technical interrogation of emerging materials 

requires objective, subjective and even inter-subjective approaches to be addressed. 

Objective methods are illustrated in an iterative process of electronic fabrication, 

coding, testing, developing, reflecting and re-testing. On a subjective level, embodied 

making, play, image-making and observation were an equally valuable ingredient of 

the researcher’s data. In doing so, this research devises a hybrid methodology. We 

draw on the approaches of a ‘bricolage’ methodology; wearable technology 

researcher Patricia Flanagan refers to this as a ‘toolbox’ methodology,65 while textiles 

researcher Rachel Philpott describes bricolage as a method which ‘dissolves or 

otherwise alters disciplinary boundaries.'66 

To grasp the mechanisms in the making of soft robotics required an understanding of 

the methods used in the conventions of traditional engineering discourse. The 

physical practice required foundational literature reviews on the raw materials behind 

                                                
64 Polanyi and Sen. 
65 Patricia J. Flanagan, ‘A Vibrant Evolution: From Wearable Devices to Objects as Mediators of 
Experience’, in: Design, User Experience, and Usability. User Experience Design for Everyday Life 
Applications and Services , DUXU 2014, ed. A.Marcus, Lecture Notes in Computer Science , Vol. 8519 
(New York: Springer, 2014), 675-686 
66 Rachel Philpott, ‘Entwined approaches: integrating design, art and science in design research-by-
practice’, in: Proceedings of the Design Research Society Conference (DRS 2012): Re-Search, 
Uncertainty, Contradiction and Value  (Bangkok, Thailand, 1- 5 July 2012) 
https://dspace.lboro.ac.uk/dspace-
jspui/bitstream/2134/12964/3/RPPaperDRS2012Bangkok(AcceptedVersion).pdf [accessed 15 
February 2017] 
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programmable materials and stimuli-responsive polymers.67 It also meant acquiring 

technical skills in physical computing.68 To illustrate: physical computing is grounded 

on established procedures. For example, programming a micro-controller is centred 

around a routine set of methodical tasks. If a software and electronic system fail to 

operate correctly, the practitioner will embark on a systematic process of 

‘debugging’69 through a succession of tests until the defect is identified and resolved.  

Nevertheless, there was a concern about the research becoming a solely technology-

focused study. Should designers try to emulate scientists and engineers by aspiring to 

rational and systematic methods which ‘scientise’ design,70 as suggested by design 

thinker Nigel Cross? Alternatively, should each discipline concentrate on their own 

strengths and expertise, collaborating to achieve full potential? It is, however, 

important to underline that current R&D hierarchies traditionally employ design at the 

end of a product cycle, rather than as a holistically embedded process. Therefore, can 

we argue that design offers more than decoration; it enables critical and flexible 

thinking through problem-solving and conceptual thinking.  

This argument can be viewed through Anne Toomey’s and Veronika Kapsali’s Design-

STEM (Science, Technology, Engineering, Mathematics) model: if a designer engages 

with the technological development, thinking ‘through’ material, there is an impact on 

the ‘resulting innovation'.71 Thus, on a more fundamental level the designer asserts an 

embodied and sensual form of developing their artistic and technological practice. In 

designer and inventor Ming Kong's words, his technological inventions happen 

                                                
67A snapshot example includes a visit to the British Library’s Material Science department to conduct 
research on the methods behind a specific shape-changing hydrogel which could be attached to 
textile fibres.  
68 Visible Electronics Workshop, Royal College of Art [October 2014], Physical Computing with the 
Arduino, Middlesex University, [July 2015]. 
69 Both hardware and software can be debugged. Hardware consists of the physical components of a 
computer system and software is an assembly of code, otherwise known as instructions, which inform 
the hardware, how to operate.   
70 Nigel Cross, ‘Designerly ways of knowing: design discipline versus design science’, Design Issues, 
17 (2001), 49-55 
71 Anne Toomey and Veronika Kapsali,  ‘Beyond the idea: D-STEM: a design-led approach to STEM 
innovation’, at STS Italia Conference, A Matter of Design: Making Society through Science and 
Technology, Milan, Italy, 12-14 June 2014.  
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through: ‘…working closely with materials, being a maker and creating real 

experiences.’72  

However, we do need to question why there has been a lack of development and 

commercial success in the design space of programmable materials and soft robotics. 

For designers, current intellectual property laws are positioned in favour of technical, 

rather than artistic, development.73 To exploit commercial success, a designer would 

need to play an early role in technology development in order to avoid being a mere 

vehicle for technology transfer. It could, therefore, be argued that designers who 

engage in developing technology are not only able to commercialise their output but 

that their physical hands-on engagement with the technology creates outputs with 

enhanced sensory dimensions. A historical example serving to emphasise this point is 

the patented invention of the Danse Serpentine (Serpentine Dance, 1896) 74  by Loie 

Fuller – this involved a type of voluminous silk costume, manipulated with hooks or 

rods. Fuller developed the first chemical mixes for gels and slides and the first use of 

luminescent salts to create lighting effects. In a sense, Fuller invented the mechanism 

to create an ‘audience sensory experience.’75 Contemporary examples include 

Piñatex™, a non-woven textile fabric developed from pineapple fibres by Carmen 

Hijosa.76 Hijosa’s material has a variety of applications, from fashion accessories to car 

interiors. In this case, the material is licensed under Hijosa's efforts in her initial design-

led research and development work. Similarly, with regard to Kong’s77 development of 

a conductive silicon-based material for a tactile interface,78 this designer was 

particularly interested in the sensuality of conductive material, citing it as ‘pleasant to 

                                                
72 ‘Ming Kong’, Royal College of Art (2016) <http://www.rca.ac.uk/students/ming-kong/> [accessed 
30 August 2016] 
73 A discussion point at ‘Westminster Medium Forum’.  
74 Garelick, Rhonda K. Electric Salome (Princeton, N.J.: Princeton University Press, 2007), p.43 
75 Fuller held many patents related to stage lighting including chemical compounds for creating 
colour gel and the use of chemical salts for luminescent lighting and garments. In 1896, Fuller’s own 
innovative electric performances included light projected onto her whirling fabric in the ‘Serpentine 
Dance’. 
76 ‘Introducing Piñatex™ - ananas anam’, Ananas anam (2016) <http://www.ananas-
anam.com/pinatex/> [accessed 30 August 2016] 
77 ‘Ming Kong’ (2016) 
78 ‘Tactile interface developed to navigate CAD environments’,  Dezeen (30 June 2015) 
<http://www.dezeen.com/2015/06/30/ming-kong-interfacet-haptic-tactile-material-navigate-cad-
environments-manipulate-computer-files/> [accessed 30 August 2016] 
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touch.’79 Technology, in this instance, becomes supportive; the material properties are 

conductive which ‘enables the sensing ability',80 thereby encompassing more sensual 

ways of interacting with technology. These examples illustrate Toomey and Kapsali’s 

initial point that the designer is placed as a ‘core stakeholder’81 and influencer in the 

final innovation. 

This research is, however, not an instrumental study into the functionality of a soft 

system − i.e. how to make a soft programmable material more efficient, faster and 

lighter. There are already research departments investigating these features, such as 

the Functional Composites department at the Fraunhofer Institute for Manufacturing 

Technology and Advanced Materials (IFAM).82 In contrast, this is a study positioned 

firmly in the field of qualitative, rather than quantitative, research: exploring how 

designers who hold a distinct relationship with material, otherwise identified as ‘know-

how’, can amplify their creative capabilities. Throughout the thesis, we argue that this 

can be achieved through a ‘re-interpretation’ of rationalistic objective data through 

design sensibilities. How does this connection between mind, hand and material add a 

contribution to knowledge? Furthermore, how can we validate material designers as 

the instigators of a technological invention rather than categorising this type of design 

sensibility as holding value only at the product-application stage?  

To cross-fertilise this knowledge into a new context offers the potential to develop an 

emerging technology through a subjective and affective relationship with its very own 

development. ‘Computational making’ is developed as the core practice, and textile 

design is posited as a way to envisage soft machines. The textile designer's sensibility 

to ‘soft', adaptable, shape-shifting and ubiquitous materials are adopted as a fresh 

approach to consider computational design, one able to encompass the convergence 

between the physical and digital realms. 

                                                
79 Ibid. 
80 Ibid. 
81 Toomey and Kapsali, 2014  
82 ‘Functional Composites - Fraunhofer IFAM’, Fraunhofer Institute for Manufacturing Technology and 
Advanced Materials IFAM (2017) 
<http://www.ifam.fraunhofer.de/en/Profile/Locations/Bremen/Shaping_Functional_Materials/Function
al_Printing/Functional_Composites.html> [accessed 10 February 2017] 
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Having outlined the rationale, the majority of this thesis is written in a third-person 

voice, interwoven with first-person excerpts.  The third-person is by tradition an 

objective voice, commonly, found in scientific and engineering research.  

This distant voice intends to measure and observe, and is supposedly devoid of 

emotion, its purpose being to rationalise rather than to lend insight to the feelings of 

‘making'. Although this third-person approach can clash next to the personal, tacit and 

affective accounts, the use of the third person played a vital role in offering a separate 

space to reflect, deconstruct and analyse. Tacit knowledge is interpreted through this 

specific reflection and analysis whereby the maker’s subjectivity became an essential 

component of this research. This uneasy contrast between third-person and first-

person approaches represents an acknowledgement of being situated in a liminal 

place between the two disciplines of bioengineering and textiles-design.  

3.3 Commercialisation 

Starting from our dialogue on objectivity and subjectivity, it is useful in the context of 

this research to recognise the limitations of subjectivity. For example, within a 

commercial context a scalable product requires a reproducible process. As noted by 

interaction designer Christopher Frauenberger, ‘When notions of objectivity are 

dissolved, then the refining, transferring or combining of knowledge becomes 

impossible.’83 However, by translating makerly sensibilities into a formalised process, 

what can be gained or lost along the way?  On this point, this thesis argues that the 

creative, experimental methods which are unique to materials designers deserve the 

opportunity to be transferred to a reproducible process. Such a process would offer an 

opening for commercial translation. This, we can assert, holds the key to validating 

creative knowledge as part of the inventive process of new emerging technologies.  

Our reasoning is that outside academic practice, the commercial viability of a method 

is still privileged by funding bodies, policies and within the cultural acceptance of 

textiles designers as valuable innovators within an R&D system.  

                                                
83 Christopher Frauenberger, ‘Critical Realist HCI’, in: Proceedings of the 2016 CHI Conference 
Extended Abstracts on Human Factors in Computing Systems - CHI EA '16 (New York: ACM, 2016)  
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By way of illustration, a presentation on the emergence of soft robotic materials was 

delivered at the Research Alive NYC84 symposium. The symposium, organised at the 

Fashion Institute of Technology in New York by RCA doctoral Fashion researcher Eve 

Lin and FIT educator Jonathan Farmer, offered a platform to discuss creative research 

methods. A discussion point was raised by a member of the audience on how fashion 

and textile designers could expand their careers outside the traditional routes of 

working for a fashion company, starting their own ready-to-wear line or working within 

academia. Conversely, fashion designers could consider the ‘Silicon Valley’ method,85 

in which designers operate using a parallel model to technology start-ups in applying 

for patents and licensing their concepts. This would offer a prospective commercially 

successful route for such designers. In light of the example above, within the growing 

interest in wearable technology a fresh type of legal counsel has emerged which could 

help support such designers. Within academia, law researcher Tania Phipps-Rufus86 

has examined legal issues within wearable technology through ‘fashion, culture and 

intellectual property in the creative economy’, and, within a commercial context, 

technology law firm Taylor Vinters have expanded to offer fashion-tech legal counsel.87   

It is reasonable to argue that the design discourse within textiles is not as established 

as it is within the other disciplines of design engineering, architecture and interaction 

design. This is especially the case within the dialogue of interactive textiles, where the 

disciplines of product, engineering and interaction design have so far held authority. 

Lottersberger argues in favour of developing tools for the textile sector, which can be 

validated for their relationships with industrial partners. She further points out that the 

methods of textile design are underdeveloped due to the earlier tradition of textiles 

                                                
84 See full symposium video at:  http://www.researchalive.co.uk/research-alive-n-y-c-2016 
85 ‘Innovate like a startup? It’s all about the Silicon Valley mindset’ at: Intrapreneurship Conference 
2017 (Stockholm, Sweden, 17-19 May 2017) <https://www.intrapreneurshipconference.com/innovate-
like-a-startup-its-all-about-the-silicon-valley-mindset/> [accessed 14 February 2017] 
86 ‘Miss Tania Phipps-Rufus - About the School’, Bristol University (2017)  
<http://www.bristol.ac.uk/law/people/tania-r-phipps-rufus/overview.html> [accessed 11 February 
2017] 
87 ‘About’, Fash Tech Lawyer (2017) <https://fashtechlawyer.com/about/> [accessed 11 February 
2017] 
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designers working within the bounds of their own tacit knowledge rather than 

translating their work into an explicit and commercially understandable manner.88   

It is here where we would like to suggest that there could be an association between 

an emergent design thinking discourse in textiles, the implicitly ‘feminine gendered 

nature of textiles’8990 and the wider societal implications for inventors.91 For example, 

female inventors in the UK are still a minority,92 and according to a study by the World 

Intellectual Property Organisation (WIPO), in 2016 only twenty-nine percent of patent 

applications featured at least one woman inventor.93 

 

Moreover, in the researcher's first-hand experience of exhibiting at CES 14 and 15 the 

contextual setting could clearly be seen as a male-dominated field.94  Often the roles 

of entrepreneur and inventor were sustained by men whilst the women carried out the 

subservient roles of marketing or product display. Yet, the rising synthesis of technical 

knowledge and designerly know-how has bred innovations based upon soft materials 

with novel interaction properties, and these new material inventions95 have a 

potentially significant market value. These advances have particular value within ‘non-

traditional tech industries’96 which require creative thinking and new audiences.  At the 

same time, the methods of these textile designers remain largely tacit, as a result of 

which, it could be argued, the value of their intellectual property is not sufficiently 

recognised.  

                                                
88 Lottersberger. 
89 Elaine Igoe, ‘In Textasis: Matrixial Narratives of Textile Design’  (Unpublished PhD thesis, Royal 
College of Art, 2013), p. 5,45                                          
90 Cheryl Buckley, ‘Made in Patriarchy: Toward a Feminist Analysis of Women and Design’, Design 
Issues, 3 (1986), 3  
91 The following theme is extracted from an analysis of the author’s own experience at CES 14 and 
CES 15.  
92 ‘£50,000 a head for female entrepreneurs’, The Times, 16 November 2016 
<http://www.thetimes.co.uk/article/50-000-a-head-for-female-entrepreneurs-bbw5j5x08 > [accessed 
11 February 2017] 
93 World Intellectual Property Organisation [WIPO], Identifying the Gender of PCT Inventors, Economic 
Research Working Paper No. 33 (Geneva: WIPO, 2016) [accessed 22 February 2017] 
94 ‘Introducing The Women Of Tech Board’, Twice (2017) <http://www.twice.com/introducing-
women-tech-board/62351> [accessed 26 February 2017] 
95 Material examples could include thermo-conductive knitwear, self-healing materials and shape 
memory polymer fabrics. 
96 ‘Introducing The Women Of Tech Board’ 
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Returning to our core question, ‘Why does Soft Matter’? How do we validate and 

commercialise tacit knowledge? Patents are a form of propositional and codified 

knowledge,97 and ‘know-how’ is not currently patentable, yet patents often need the 

know-how of the inventor to work, and within non-disclosure agreements, Know-how 

can be deployed as an extra clause.  

If we are to remain subservient, rather than advocating this much-needed cultural shift 

we can speculate on the following future: on an individual level, textile designers will 

remain unaware of how to commercialise and fertilise their new knowledge. On an 

academic level, this will weaken the contribution and range of real-life examples to 

support academia in developing a strong design-thinking voice in textiles. Finally, on a 

commercial level, we risk marginalising this embodied design thinking98 skill-set to sit 

at the lowest rank of the R&D process.  

Could we, therefore, argue that a significant setback for designers who wish to embark 

on a career within this emerging design space is the lack of an established structure 

both within the educational institutions where they are trained and within the wider 

societal system where they would later wish to practice? In short, could we do more to 

encourage textile designers to assert their rights, and would this, in turn, create a 

stronger ‘inventor' culture within the textile domain?  As an alternative speculative 

future, could we imagine, for example, these new hybrid designers changing places 

with current Silicon Valley ‘wearable-tech' start-ups such as Pebble99 and MisFit?100 

We initially position this study within the context of design thinking as an explorative 

approach that is, as a point of departure to the user-led design methodologies of 

industrial design engineering.101 Secondly, we examine the philosophical approach of 

                                                
97 Peter Lee,  ‘Transcending the Tacit Dimension: Patents, Relationships, and Organizational 
Integration in Technology Transfer’, California Law Review, 100: 6 (2012), 1526 
98 By privileging the mind and excluding the body as a form of knowledge production. These themes 
will be explored later in the chapter.  
99 ‘Pebble Smartwatch | Smartwatch for iPhone & Android’, Pebble (2017) <https://www.pebble.com> 
[accessed 12 February 2017] 
100 ‘Misfit: Fitness Trackers & Wearable Technology’, Misfit (2017) <https://misfit.com/uk_en/> 
[accessed 12 February 2017] 
101 Ilpo Koskinen, John Zimmerman, Thomas Binder, Johan Redstrom and Stephan Wensveen, Design 
Research Through Practice (Waltham, MA: Morgan Kaufmann, 2011), p. 110 
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phenomenology and embodiment as the foundational underpinning of this study. 

Thirdly, we position this practice-based research study, to borrow from educationalist 

Christopher Frayling, as ‘research through art and design'.102 Finally, we finish with an 

examination of temporal nature of the materials we are designing through an analysis 

of a time-based bricolage method.  

3.4 Design Thinking 

As mentioned earlier in this chapter, Cross is a leading authority in ‘design thinking’ 

and is predominantly interested in ‘design cognition - with the way that designers think, 

work and know.103  

Textile designer and theorist Elaine Igoe contests Cross’s non-acknowledgement of 

methods used by designers who have a close understanding and unique relationship 

with materials.104 The designers reviewed by Cross in developing ‘Designerly Ways of 

Knowing’105 all share a similar background in industrial production, engineering and 

design, and apply user-led design methodologies which focus on functionality and 

practical applications. The nature of industrial design and the design methods with a 

predisposition towards use and usability mean that expressive and emotional methods 

are often neglected.  

Lara Allison, in her review of Cross’s writing, also aligns with Igoe, commenting on the 

limitations of his research in terms of ‘meanings of design within various cultural 

frameworks.’106 Igoe asserts that the textiles design process needs to be articulated to 

validate a critical awareness of its distinctive type of design thinking with its ‘specific 

methodologies.'107 This utilisation of tacit textiles knowledge is transformed to create 

                                                
102 Christopher Frayling, Research in Art and Design (London: Royal College of Art, 1993) 
103 Lara N. Allison, ‘ “Designerly Ways of Knowing” by Nigel Cross’ (Book review), Design Issues, 24 
(2008), 102 
104 Designers in disciplines such as textiles, fashion, jewellery, ceramics, and glass. 
105 Nigel Cross, Design Thinking (Oxford: Berg, 2011), p. 67 
106 Allison, 2008 
107 Elaine Igoe.. ‘The tacit-turn: textile design in design research’, Journal of Textile Design Research 
and Practice, 1 (2013), 5-8  



	

	

041 

surfaces which are aesthetic and haptic, as well as engaging directly with the 

subjectivity of the maker.108 

Industrial design, however, can find the design processes used in the more affective 

disciplines such as textiles, fashion and theatre design challenging. Industrial 

designers Francois Adler et al. claim that costume and fashion designers overlook user 

needs in wearable technology, and therefore argue for a user-led methodology.109 

However, when they applied their approach to the wearable-technology design of a 

child security jacket, their focus group required ‘a wide spectrum of designs that meet 

individual tastes’,110 for which this user-led approach of ‘design by compromise’111 was 

not necessarily suitable. 

Design thinker Donald Norman characterises emotions as fundamental to fashion,112 

yet translating a mood, expression or feeling is inherently subjective and not 

quantifiable: film-makers, for example, do not start out their process with earnest user 

studies and insights.113 We can, therefore, suggest that a user-led approach is suitable 

for either exploring a context or framing a functional investigation. However, as 

constructive design researchers Koskinen et al. emphasise, with this approach 

untapped sources of the imagination would be neglected.114   

The field of textiles, therefore, would benefit by entering into a dialogue with HCI in 

order to enrich the discourse in wearable technology, and as a method and process of 

innovation within a growing commercial arena, something which needs further 

validation. In this light, McCarthy et al. align with Igoe in placing equal importance on 

                                                
108 Ibid. 
109 Françoise Adler, Andrea Weber Marin and Dagmar Steffen, ‘Smart semantics: product semantics of 
smart clothes’ in: Proceedings of International Association of Societies of Design Research 2009 (Coex, 
Seoul, Korea, 18-22 October 2009), 
http://www.iasdr2009.or.kr/Papers/Orally%20Presented%20Papers/Aesthetics/Smart%20Semantics%
20-%20Product%20Semantics%20of%20Smart%20Clothes.pdf [accessed 17 January 2016] 
110 Ibid. 
111 Donald A. Norman, Emotional Design (New York: Basic Books, 2004), p. 97 
112 Ibid., p. 93 
113 Ibid., p. 97 
114 Ilpo Koskinen, John Zimmerman,Thomas Binder, Johan Redstrom and Stephan Wensveen, (2011) 
p. 22  
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sensation and cognition.115 Jennifer Mason, in calling for more understanding of 

sensory tools, states that '…this article makes a case for a sensory methodology that 

remains attuned to the complex ways in which the senses are tangled with other forms 

of experience or ways of knowing.' 116  

Within this manifestation of incorporating computers into fresh material forms, there is 

potential for new processes and tools for both engineers and designers to be created 

and even imagined. The skills in creating these tools and processes are unique to 

designers who may utilise both tactile and visual memory to create the unknown. 

Materials specialist Michael Ashby frames this as ‘dissecting, recombining, permuting, 

and morphing to form new images and new associations.’117  To further contextualise, 

anthropologist Susanne Küchler argues that the responsive textiles surface serves as a 

‘carrier of thought’,118 and a material approach to thinking and knowing will change 

our pre-conceived notions of what we originally thought of as merely decorative or 

ornamental.119 Textiles have the potential, within the field of HCI, to offer magical, 

functional, ubiquitous, accessible, intimate, curious and multi-dimensional 

behaviours.120 Considering this, Vallgårda and Fernaeus suggest that ‘bricolage could 

be used in a practice of the more ephemeral user-experience design.’121 This can be 

closely connected with the expanded definition of user experience in HCI identified by 

John McCarthy and Peter Wright as ‘experience-centred design’ beyond designing for 

efficiency and task completion.122  As a point of illustration, interaction designers, 

                                                
115 John McCarthy, Peter Wright, Jayne Wallace, and Andy Dearden. 2005. ‘The experience of 
enchantment in human–computer interaction’, Personal Ubiquitous Computing, 10 (2005),369-378 
116J. Mason and K. Davies, ‘Coming to our senses? A critical approach to sensory methodology’, 
Qualitative Research, 9 (2009), 587-603 
117 Elvin Karana, Owain Pedgley and Valentina Rognoli, Materials Experience: Fundamentals of 
Materials and Design (Amsterdam:  Butterworth-Heinemann, 2014), p. xxi 
118 Susanne Küchler,‘Materiality and Cognition’, in Materiality, ed. by Daniel Miller, Materiality, 
(Durham, NC: Duke University Press, 2006), p. 216 
119 Ibid, p. 217 
120 Amy Winters, ‘Building a soft machine: new modes of expressive surfaces’, in: International 
Conference of Design, User Experience, and Usability: Technological Contexts (DUXU 16), (Lecture 
Notes in Computer Science, Vol. 9748) (New York: Springer, 2016), 401-413 
121 Anna Vallgårda and Ylva Fernaeus,‘Interaction design as a bricolage practice’, in: Proceedings of 
the Ninth International Conference on Tangible, Embedded, and Embodied Interaction - TEI '15 
(Stanford, CA, 16-19 January 2014) (New York: ACM, 2015) 
122 Peter Wright and John McCarthy,‘Empathy and experience in HCI’, in: Proceedings of the Twenty-
sixth Annual CHI Conference on Human factors in Computing Systems - CHI '08 (Florence, Italy, April 
5-8, 2008) (New York: ACM, 2008). 
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Tanja Döring et al. explore novel forms of HCI through materiality and interactive 

surfaces.123 The ‘Ephemeral User Interface’ (EUI) is deliberately meant to survive for a 

limited amount of time.124 These materials, which exist as fleeting moments, such as 

soap bubbles, wind and fog, also possess the ability to translate meanings from other 

cultural contexts.125  

3.5 Theoretical Underpinnings 

So far we have identified a post-Cartesian phenomenological approach to frame this 

study, a study which rejects the radical separation of body and mind. 

The Enlightenment of the eighteenth century was a scientific and intellectual 

movement which permeated Western culture, advocating a ‘reason-bound system for 

understanding the universe—one based on laws, logic, and data’.126 It has worked as 

the foundational grounding for the modern scientific mode of enquiry. As computer 

scientist and artificial intelligence specialist Rolf Pfeifer states, ‘regardless of these 

developments; rational, logical intelligence is still considered to be one of the most 

enviable characteristics of human beings.’127 This particular approach to knowledge, 

based on mind and body dualism, holds the normative authority within the scientific 

disciplines.  

Phenomenologists, in contrast to the rationalist methods of the Enlightenment, assert 

that ‘knowing' can be grounded in the lived experience of our own body. This 

approach has the potential to challenge the existing hierarchy of scientific-led soft 

material development. Philosopher Taylor Carman explains phenomenology as: 

…an attempt to describe the basic structures of human experience and 

understanding from a concrete first-person point of view, in contrast to the 
                                                
123 Tanja Döring, Axel Sylvester and Albrecht Schmidt, ‘A design space for ephemeral user interfaces’, 
in: Proceedings of the 7th International Conference on Tangible, Embedded and Embodied Interaction 
- TEI '13 (Barcelona, Spain, 10-13 February 2013) (New York: ACM, 2013)  
124 Time-based media is a key part of designing for an experience. Döring et al. offer the example of 
fireworks. Time-based media can also be seen through plays, films and events.   
125 Döring, Sylvester, and Schmidt, (2013) 
126 Jonathan Marks, Why I am not a Scientist (Berkeley: University of California Press, 2009), p. 33 
127 Rolf Pfeifer, Josh Bongard, and Simon Grand. 2007. How the Body Shapes the Way we Think 
(Cambridge, MA: MIT Press, 2007) p. 12 
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reflective, third-person perspective that characterises both scientific 

knowledge and received opinion.128 

Having established that the practitioner's subjectivity is significant to our research 

question ‘Why does Soft Matter?’ the next question asks how an embodied approach 

could re-frame the field of soft robotics. In the earlier chapters, we have attended to 

aspects of the author’s personal experience as a wearable technology designer. This 

precise first-person experience is foregrounded, in its autoethnographic approach, as 

the contextual groundwork for this study. Autoethnography, as Carolyn Ellis states, is 

‘part auto or self and part ethno or culture’,129 and by relating and contrasting a 

personal, insider experience130 of the current wider developments in the wearable 

technology field, the limitations of objective, scientific knowledge are revealed.  As 

Merleau-Ponty reminds us, ‘...my body is the fabric into which all objects are woven’.131 

Thus our personal fleshly materiality enables a sensory engagement with materials.   

3.6 Research through design 

In this section, we examine the ‘Research through design’ approach to our creative 

enquiry. Frayling132 identifies three threads within art and design research: research 

into art and design (e.g. the theoretical analysis of art, the history of design); research 

for art and design (development and output of art and design artefacts); and research 

through art and design (where the researcher is placed at the centre of the research 

study and the process of design becomes research).  Within the domain of HCI, 

researchers John Zimmerman et al. have coined a set of criteria called ‘RtD’,  based on 

Frayling’s model of research through design, ‘iteratively designing artifacts as a 

creative way of investigating what a potential future might be.’133 Design practice, 

therefore, becomes a medium for answering the research questions. Within the 

                                                
128 Taylor Carman, Merleau-Ponty (London: Routledge, 2008), p. 14 
129 Carolyn Ellis, The Ethnographic I (Walnut Creek, CA: AltaMira Press, 2004), p. 31 
130 Tony E Adams, Stacy Linn Holman Jones, and Carolyn Ellis, Autoethnography (Oxford University 
Press, 2014), p. 25 
131 Maurice Merleau-Ponty, Phenomenology of Perception (London: Routledge, 2002), p. 273 
132 Frayling 
133 John Zimmerman, Erik Stolterman and Jodi Forlizzi, ‘ An Analysis and Critique of Research Through 
Design , in: Proceedings of the 8th ACM Conference on Designing Interactive Systems - DIS '10 
(Aarhus, Denmark , (August 16-20 2010 ) (New York: ACM, 2010) 
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context of our particular research enquiry, this methodology is applied to a series of 

material experiments which are intended to question the designer's role in the 

development of new technologies.  

Research through design, in which we position this study, can also be referred to as 

‘action research'. This is explained by Frayling as: 

…where a research diary tells, in a step-by-step way, of a practical experiment 

in the studios, and the resulting report aims to contextualise it. Both the diary  

and the report are there to communicate the results, which is what separates 

research from the gathering of reference materials 134  

This method of qualitative research can be understood as a perpetually twisting coil of 

self-reflective enquiry which aims to gain a deeper understanding of practice as a form 

of knowledge production. Action research, a process ‘of thinking, acting, data 

gathering and reflection' 135 occurs in cycles. Throughout this research, five iterative 

cycles of making were identified (see figure 3.1). These have been articulated in the 

thesis as the following case studies:136 

1. Bricolage Practice (Chapter 4) 

2. ChromoSkin (Chapter 5) 

3. Building a Soft Machine (Chapter 6) 

4. Material Fluidics (Chapter 6 and 7) 

5. Symphonic Materials (Chapter 7) 

 

 

                                                
134 Frayling 
135 Maggi Savin-Baden and Claire Major, Qualitative Research (Milton Park, Abingdon, Oxon: 
Routledge, 2012), p. 24 
136 Donald A. Schön,. The Reflective Practitioner (New York: Basic Books, 1983), p. 79 
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Fig.3.1: Cycles of Making. Diagram: Author (2017) 

 

This cyclical method draws on the notions of Schön’s ‘reflective practice’,137 a 

significant model in practice-based creative research based on the notion of ‘learning, 

reflection and change.' In this manner, the designer becomes increasingly aware of 

the knowledge they possess, the knowledge they are absorbing and the knowledge 

they still need, thus enabling a form of reflection and learning from experience during 

practice (reflects-in-action) and after practice (reflects-on-action). As Schön explains, 

                                                
137 Schön, p. 79 
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‘when someone reflects-in-action he becomes a researcher in the practice context. He 

is not dependent on the categories or established theory and technique but constructs 

a new theory of the unique case'.138 In contrast, when reflecting-on-action we are 

‘thinking back on what we have done in order to discover how our knowing-in-action 

may have contributed to an unexpected outcome.'139  

At the end of each cycle of making, the following written reflections enabled hidden, 

tacit knowledge to surface, and these seeds would grow into the next cycle. As our 

research progressed, the phenomenological theories of embodiment and the material 

imagination140 fed into the cycles of practice, weaving a theoretical framework to 

inform the next iteration of material development.  

Autoethnography, an established methodological approach (Ellis, Adams and 

Bochner,141 Denzin,142 Pace143), connects personal insider experience in relation to its 

greater cultural context. Autoethnographer Carolyn Ellis explains it as ‘research, 

writing, story, and method that connect the autobiographical and personal to the 

cultural, social, and political.’144 This methodology positions the author as a researcher 

and participant in a method that encompasses human experience, an experience of 

materials and problem-solving. Further, we wish to build on an emerging 

methodology within HCI to translate the experiential: Höök, for example, uses 

autoethnography as a tool to convert embodied experiences into new knowledge,145 

                                                
138 Ibid., p. 68 
139 Ibid., p. 26 
140 Gaston Bachelard, Water and Dreams (Dallas, TX: Pegasus Foundation, 1983) 
141 Carolyn Ellis, Tony E Adams, and Arthur P Bochner, ‘Autoethnography: An Overview’, Forum 
Qualitative Sozialforschung / Forum: Qualitative Social Research, 12:1  (2010) http://www.qualitative-
research.net/index.php/fqs/article/view/1589/3095  
142 Norman K. Denzin, Interpretive Autoethnography (London: SAGE, 2014) 
143 Steven Pace, ‘Writing the self into research: Using grounded theory analytic strategies in 
autoethnography’, TEXT, special issue 13 (2012) 
144 Ellis, 2004, p. xix 
145 Kristina Höök, ‘Transferring Qualities from Horseback Riding to Design’, 6th Nordic Conference on 
Human-Computer Interaction: Extending Boundaries (Reykjavik, Iceland, 16-20 Oct. 2010) (New York: 
ACM, 2010)  
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whilst Carman Neustaedter and Phoebe Sengers examine autobiographical design in 

HCI research.146  

Autoethnographers foreground their cultural context in the same way as has been 

done both within this chapter, and earlier in Chapters 2 and 3, by relating our personal 

insider experience of making through technology to our insights into the cultural 

conversation147 on the role of material-led design. These insights could, for example, 

relate to the challenges148 we have faced within a consumer electronics cultural 

setting.149 Within this notion of personal experience, Adams et al. note that   

Rather than silence or disguise the personal reasons that lead us to choose our 

research projects, auto-ethnographers make use of personal experience and 

subjectivity in designing their research. 150  

This method of self-reflective enquiry can enable subtle insights of tacit knowledge 

that can help us to establish the unconscious mental processes which then guide a 

designer within the development of emerging technologies. Tacit knowledge is 

explained by Michael Polanyi thus: 

I shall reconsider human knowledge by starting from the fact that we can know 

more than we can tell. This fact seems obvious enough; but it is not easy to say 

exactly what it means. Take an example. We know a person's face, and can 

recognise it among a thousand, indeed among a million. Yet we usually cannot 

tell how we recognise a face we know. So most of this knowledge cannot be 

put into words.151 

Tacit knowledge is not encoded symbolically, and proceeds across the boundaries of 

                                                
146 Carman Neustaedter and Phoebe Sengers. 2012. ‘Autobiographical design in HCI research’, in: 
Proceedings of the Designing Interactive Systems Conference on - DIS '12  (Newcastle upon Tyne, 11-
15 June 2012) (New York: ACM, 2012)  
147 Tony E Adams, Stacy Linn Holman Jones, and Carolyn Ellis. 2014. Autoethnography (Oxford: 
Oxford  University Press, 2014), p. 26 
148 Working commercially within the wearable technology industry in a consumer electronics cultural 
setting and working as a textiles designer within the wider context of HCI. 
149 Adams, Holman Jones, and Ellis, p. 26 
150 Ibid. 
151 Polanyi and Sen, p. 4 
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language.152 Fittingly, the methodology of autoethnography enables a voice specific 

to this type of tacit knowledge. In turn, we hope this method offers insight into a 

distinct thought process which is relatable to that of other material-led designers and 

can be subsequently employed ‘to make sense of similar experiences.’153 

Our methods of reflection were specifically selected in the context of technology 

development: collecting data through personal journals, filming and material sketches.  

These working journals were kept to record ideas, feelings, memories and making. 

Some of these were technical notes; others were sketches from dreams and the 

evocative imagery of materials – organic and layered, thereby cultivating an affective, 

nuanced and personal account of the technology-development process. (See Fig.3.2, 

3.3, 3.5) 

Fig.3.2: Concept Sketch: ‘Composite Structure’. Layered colour-changing composite with inkjet 

printed camera (photo sensor element), printed electronic circuit and flexible battery. Diagram 

sketched by combining tacit knowledge and reverse-engineering a series of scientific papers. 

Diagram: Author (March 2015)   

                                                
152 Within the domain of HCI, user interface design has traditionally operated through symbols and 
icons. The emerging genre of tangible user interfaces [TUI] however, requires an action-orientated 
approach to design which is embodied. See Koskinen, Zimmerman, Binder, Redstrom, and Wensveen, 
p. 120 
153 Adams, Holman Jones, and Ellis, p. 27 
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Reflective writing would take place during the cycles of making: specifically, during 

and after a process of making.   ‘Reflection-in-action’ data was documented as quick, 

intuitive notes, whereby the practitioner develops a ‘conversation with the materials of 

the situation',154 expressing a direct, personal and visceral experience with material 

during hands-on experiments.  

Liquids: 

Fluidity/Stickiness/Juicy/Viscosity/Dissolving/Flows/Extract/Essence. 

(Journal entry: 19th March 2016) 

Glistening, shimmering surfaces and jellied forms. Little micro-channel 

structures….pouring a phosphorescent illuminated liquid. (Journal entry: 

4th March 2016) 

Are sweets made like plastic and resin? Probably. This is the way that jelly 

is made. Mixing globes of beautiful, synthetic glue. Making textiles is a 

bit like making sweets for me. Testing and playing with colours, mixtures, 

surfaces, decoration. Sweets are formed in moulds. Sweets can be 

extruded. (Journal entry: 13th May 2016)  

Mixing sponge cakes together and playing with icing and coatings. I love 

the idea of frosting or placing icing into moulds to create a concoction. 

(Journal entry: 13th May 2016)  

Here, on analysis, we can examine the affective power of materials to stimulate the 

imagination through our own playful and tactile experience: a form of ‘material 

cooking.’ This could shape a method of initiating a discussion surrounding the 

possible futures of dynamic matter. For example, how could interactive materials be 

developed through this narrative of cooking? For example, ‘flow,’ ‘fade-in,’ ‘fade-out’ 

or ‘seeping’? 

                                                
154 Schön, p.78 
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Post-making, the ‘reflection-on-action’ phase was more reflective, and in hindsight the 

researcher would draw upon their own concrete experiences and processes to 

develop a set of follow-up questions and ideas for a new cycle of making;  

I spent yesterday afternoon at the 3D printer…….as I was putting 

together and experimenting with the 3D print I kept thinking of 

composites and multi-matter printing. The idea of layering, subtracting 

and adding. Using a 3D printer is a bit like being a material alchemist – 

bricolage, collage, construct and deconstructing. As a textile designer, we 

are very adept and combining hybrid forms in an intuitive way. I liked the 

idea of experimenting with different materials in the 3D printer. Yes, 

maybe it is hard to print soft forms but why not print filament and make 

them soft later? Print the filament and place this in different liquids: then 

what happens? It becomes conductive? An ionic liquid. (Journal entry: 

18th March 2016) 

Once I found my way of creating things through bricolage, being 

essential an ‘image maker’ sublimation printing, plastic workshop and the 

mechatronics room. (Journal entry: 4th May 2016) 

In this light, many of the processes have been about the material 

imagination. Embedding, subtracting and the use of bricolage to translate 

the digital fabrication with a material sensibility. The laser-cutter and 3D 

printer makes my work neater; it makes it a more translatable process. It 

gives a polished finished to work which might otherwise look completely 

uncontrolled and chaotic. Yet, this visceral connection to material allows 

me to impart my own subjectivity into the digital fabrication process. For 

example, my experience of using digital printers is translated into 3D 

printing – ABS patterns. My experience of screen printing using and 

experiencing flocking, printing, mixing inks, foiling is translated into the 

material. My experience of working with laboratories on thin film and 

programmable layered polymer structures is translating into layered 

physical real prototypes. (Journal entry: 5th June 2016) 
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Obtaining an embodied connection to a digital tool such as a 3D printer, for example, 

would inspire the next iteration of making. Through this method of reflective writing, 

patterns and sequences of ideas began to emerge. The practice was recorded 

through journal writing and became a constructive method of managing diverse 

thoughts, a form of the structure and catalogue where small whispers could be 

developed through repetition, ritual and rhythm. This process of autoethnography, 

therefore, was used to transfer, gain and fertilise different types of design knowledge 

into a new context. 

Building on the Bauhaus ‘workshop traditions’ of ‘learning through making’155 and 

experiential learning, the physical process of ‘learning through doing’ established an 

alternative type of knowledge, one which was generated through embodied making 

and reverse-engineering principles. As we have touched on in Chapter 2, Toomey & 

Kapsali coin this process as ‘Design STEM’, whereby 

A designer can understand enough STEM to not only exploit a novel or 

emerging material but is also able to absorb it into their toolbox and has the 

agility to manage and contextualise innovation emerging from STEM 

communities and vice versa. 

Similar approaches can be observed in the STEM to STEAM movement by Rhode 

Island School of Design (RISD)156 and Mark Liu, who conducts workshops on (STEAM) 

concepts through fashion and textile design.157 Further, commercial practitioners are 

employing variations on this model, such as the fashion-technology company 

Loomia,158 who presented their working process on flexible and stretchable circuitry at 

the MIT ‘Hacking Arts’ conference.159 Loomia stressed their position on embedding 

                                                
155 Pat Thomson and Julian Sefton-Green, Researching Creative Learning (Abingdon: Routledge, 
2011), p. 37 
156 ‘STEM to STEAM | About | RISD’, Rhode Island School of Design (2016) 
<http://www.risd.edu/about/stem_to_steam/> [accessed 15 December 2016]  
157 ‘Why STEM subjects and fashion design go hand in hand’. 2016. ABC News, Australia,(25 August 
2016) <http://www.abc.net.au/news/2016-08-25/why-stem-subjects-and-fashion-design-go-hand-in-
hand/7784834> [accessed 15 December 2016] 
158 ‘Home’, Loomia (2016) <http://www.loomia.co> [accessed 15 December 2016] 
159 ‘Made to Measure: Fashion in the 21st Century’, Hacking Arts 2016 (MIT Media Lab, Cambridge, 
MA, November 19-20 2016) <http://hackingarts.com/panels-2016/made-to-measure> [accessed 15 
December 2016] 
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arts into a STEM discussion through the acronym STEAM (science, technology, 

engineering, arts, and maths).160   

Our data encompassed a series of material experiments and new material 

development processes as a way of generating new knowledge, and we drew on 

sensory ethnography specialist Sarah Pink's notion that sensory participation is a 

reflexive and experiential process.161 The following excerpt of reflection on making 

through creative writing links the ‘recipes/instructional accounts’ with our subjective 

experience of working with the ‘soft’; 

I made a very beautiful piece finally. I got the recipe exactly right. A 

smidge of flesh fibres and well mixed. The process reminded me of 

baking a beautiful cake. There were no bubbles. It felt like the 20th 

sample I had made. It was the mixing which did it. The mixing for 5 

minutes straight. (Journal entry: 12th May 2016) 

Our tacit knowledge here is held within the notion of ‘a smidge’. This tacit knowledge, 

documented through reflection, can be subsequently translated into a potentially 

explicit and reproducible process. As Richard Sennett points out, ‘written, directive 

language can make the process of osmosis more concrete and definite'.162  

Recipe writing, therefore, became a useful metaphor and format for instructions, 

‘probing a written direction that every reader has tried to follow: the cooking 

recipe’.163 First-person methodologies were framed within a third-person ‘instructional 

account’ of how to create an experiential, interactive composite in Chapter 6: 

In our process, we used a metaphor of cooking, with a range of options to 

be adapted for each layer. (Building a Soft Machine) 

                                                
160 ‘FIA Hosts Post-Election Fashion Tech Policy Panel - Fashion Innovation Alliance’, Fashion 
Innovation Alliance (2017) <https://fashioninnovation.org/state-fashion-tech-panelists-examine-iot-
security-immigration-reform-advancing-american-innovation-new-congress-administration/> 
[accessed 15 February 2017]. This could be used as a method of democratising technology     
161 Sarah Pink, Doing Sensory Ethnography, 2nd edn (London: SAGE, 2015) p. 4  
162 Richard Sennett, The Craftsman (London: Penguin Books, 2009), p.181 
163 Ibid. 
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Could we, therefore, consider the development of (soft) robotics as analogous to (soft) 

cooking? Recipes employ soft materials in a structured and repeatable way; yet they 

are still open to multiple interpretations, rather than having one distinct outcome.  

1. The subjectivity of Reverse Engineering. 

2. The subjectivity of Devising the Instruction Account 

3. The subjectivity of the next maker following the Instructional Account. 

Here, the development of a soft technology process such as soft robotics could be 

located through numerous transformations with a series of ‘subjective’ translations. 

With this emergence of multiple subjective interpretations, we can now consider the 

future development of this research project. The creative development of soft robotic 

materials could be evaluated through an ethnographic framework. Participant 

observation would serve as a method of collecting data on the ‘multiple 

interpretations’ of material designers. Further, Pink suggests unconventional methods 

such as ‘intentional interventions’164 on behalf of the researcher – ‘inventing a recipe’165 

with, for example, research participants. 

 

3.7 Time-based Bricolage 

Soft programmable materials possess the ability to reframe textiles from a position of 

static expression to one of temporal expression. As these materials grow from 

stationary to dynamic soft systems, designers translate concepts from the disciplines of 

animation, music, dance, theatre and film into a new context of computational 

materials.166  Linda Worbin, for example, argues for textiles to connect with the ‘time 

arts.’167 She argues that, traditionally, textile designers have been ‘…trained to design 

for static expressions, where patterns and decorations are meant to last in a specific 

                                                
164 Pink, 2015, p. 7 
165 Ibid. 
166 Anna Vallgårda, Morten Winther, Nina Mørch, and Edit E Vizer, ‘Temporal Form in Interaction 
Design’, International Journal of Design, 9:3 (2016) 
<http://www.ijdesign.org/ojs/index.php/IJDesign/article/view/2212/710> [accessed 7 November 
2016] 
167 Linda Worbin, Designing Dynamic Textile Patterns (Goteborg: Chalmers University of Technology, 
2010), p. 258 
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manner.’168 Thus, the emerging role of the textile designer needs to be adapted to 

take account of a new raw material, ready to be ‘further designed, developed and/or 

programmed.’169  

This is closely connected with Berzowska’s analogy of ‘stage production’,170 and 

Robles and Wiberg's emergent vocabulary for novel interaction approaches, such as 

‘elements scale, datum, rhythm, transformation, circulation, approach and entrance.’171   

The editing of ‘moving images’ as a form of visual, time-based bricolage is a method 

constructed from longstanding influences in performance design. Using an assortment 

of skills drawn from textiles, film and theatre, temporal concepts were incorporated 

into the design of soft materials; 

The Visceral experience: Can materials be described a hypnotic, 

engrossing, dreamlike, transcendent tone poems?  Can we design a 

composite textile in the same way we design a film?' (Journal entry: 25th 

January 2016) 

For the method of translation of time-based media such as film and animation into our 

‘living’, ‘breathing’, ‘liquefied’ soft robotic materials, such as the Waterlily ChromoSkin, 

in Chapter 5, or the Material Fluidics of Chapter 7, we took inspiration from the work of 

hybrid inventor-filmmaker Jean Painlevé 172  and stop-motion animators the Brothers 

Quay and Jan Švankmajer.  

Painlevé’s surrealistic, dream-infused works, such as The Love Life of the Octopus 

(1967)173, The Sea Horse (1935) and Acera, or The Witches’ Dance (1978)174 were set to 

                                                
168 Ibid.,p. 3  
169 Ibid. 
170 Joanna Berzowska, ‘Programming materiality’, in: Proceedings of the Sixth International Conference 
on Tangible, Embedded and Embodied Interaction - TEI '12 publisher (2012) (Kingston, Ontario, 
Canada, February 19 – 22 2012) (New York: ACM, 2012) 
171 Erica Robles and Mikael Wiberg, ‘Texturing the "material turn" in interaction design’, in: 
Proceedings of the Fourth International Conference on Tangible, Embedded and Embodied 
Interaction - TEI '10 (Cambridge, Massachusetts, USA January 24-27,2010) (New York: ACM, 2010)  
172 Jean Painlevé, Andy Masaki Bellows, Marina McDougall and Brigitte Berg, Science is Fiction 
(Cambridge, MA : MIT Press, 2000) 
173 The Love life of the Octopus, Directed by Jean Painlevé and Geneviève Hamon (France, 1967)  
174 Acera, or The Witches' Dance, Directed by Jean Painlevé and Geneviève Hamon (France,1978)  
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emotive classical soundtracks; the molluscs in The Witches’ Dance are given character, 

spinning and dancing, to conceive a form of creative expression rather than offering a 

factual account of underwater biology.    

In particular, the poetic sensibilities and sensuality175 of ‘Phase-transition in Liquid 

Crystals (1978)176 gives the material a dramatic sense of urgency. Documenting the 

pattern-changing pressure and temperature changes, we can observe the 

resemblances between film and interactive textiles print.  

The Brothers Quay use an ‘alchemic materiality' in their work by manipulating real-life 

objects within stop-motion animation in Street of Crocodiles (1986)177. These mixed-

media bricolage compositions are highly tactile, and the physical nature of the 

composition adds to their expressive nature. Similar to the Brothers Quay, Jan 

Švankmajer’s178 stop-motion animations Alice (1988)179and Faust (1994)180 work at a 

tactile level, and this imagination of touch is explored by film theorist Kristoffer 

Noheden.181 Noheden emphasises ‘analogical thinking',182 a type of thinking which 

draws from one experience to another. 

In the early stages of research (2013-2014), macro-photography and short films 

(approx. 15-30 seconds long) were used as a device to capture ‘material moments’ 

and subsequently translated into drawings, sketches and notes. (see related figures 

3.3-3.9) 

Fleeting glimpses, episodes and vignettes captured natural and surreal phenomena − 

insects masquerading as leaves (see video and Fig. 3.5), water’s temporal qualities  −  

moving, transforming, and transitory (see video and Fig. 3.9). Ephemeral snapshots 

                                                
175 Painlevé’s essay ‘Feet in Water’ [1935] describes the embodied and sensual experience of working 
within water and under the elements which he describes as the ‘ecstasy of an addict’. See Painlevé, 
Bellows, McDougall, and Berg., p. xv 
176 Phase Transition in Liquid Crystals, Directed by Jean Painlevé (France, 1978) 
177 Street of Crocodiles, Directed by Brothers Quay (UK, 1986) 
178 Švankmajer’s forthcoming film Insects, using insects as actors (2018) 
179 Alice, Directed by Jan Švankmajer (1988) 
180 Faust, Directed by Jan Švankmajer (1994) 
181 Kristoffer Noheden, ‘The imagination of touch: surrealist tactility in the films of Jan Švankmajer’, 
Journal of Aesthetics & Culture, 5 (2013), 21111  
182 Ibid. 
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were translated into ‘material concepts’ −  sketches, scenarios and storyboards (see 

Fig. 3.3 and 3.4).  On reflection, these initial sketches had a direct correlation to the 

researcher’s tacit knowledge in theatre and film design, which enabled a process of 

observing, building characters and storyboarding scenarios through a mixture of 

direct observation and imagination. These ideas behaved like seeds, such as 

translating the mechanism of the Venus flytrap (see Fig. 3.7) as a microfluidic material, 

or imagining a pneumatically actuated jellyfish costume. (see Fig.3.6) 

These ‘character drawings’ would relate in some capacity to the final outcomes 

(Chapter 6 and 7) of pneumatic and fluidic programmable materials, but remained at 

this stage disembodied  −  an imagination of form rather than material. The concepts 

were formed by imagination and observation, yet they were still speculative, and there 

was an internal struggle and frustration about the tension between what the researcher 

imagined and what they were able to execute technically. This dilemma raised a series 

of questions: How does something work?  How do we form what we imagine? How can 

the workings of technology be demystified? These critical questions started a 

fundamental interest in material properties and their potential capabilities. 
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Fig.3.3: The concept of a whispering textile. Sketch: Author (July 2014). Photo: Author, 
Kew Gardens, London (January 2014). 
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Fig. 3.4: Petals suspended in a spider web, blowing in the wind. Enmeshed petals use 
wind as a flowing rhythm. Could this notion of ephemerality be translated into a 
computational interface? Photo: Author, Kew Gardens, London (April 2014). (See video 
3.4) 
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Fig.3.5: The ‘Praying Mantis’ episodic capture and material sketches. Photo: Author, Zurich Zoo 
(July 2014). Sketch: Author (July 2014). (See Video 3.5) 
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Fig.3.6: ‘Dance of the Jellyfish’ First ideas into a pneumatic surface texture. Sketch: Author 
(November 2013) 
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Fig.3.7: Venus flytrap concept. Imagining the Venus flytrap as a costume design – turning the 
soft system into a ‘character’. Sketches: Author (September 2014). Photos: Author, Kew Gardens, 
London (September 2014)



The second phase of this research, therefore, focused heavily on technique in 

understanding and learning through computational materials. Not in this instance as a 

soulless focus on movement, but as a type of ‘expression' and form of curiosity. As Sennett 

points out, technique is not a just movement - it is ‘intimately linked to expression’.183 

Rather than imagining final applications or artefacts, the researcher began to think 

through the material.   

This cycle of research (see Chapter 4 – Bricolage Practice) was executed through acquiring 

skills in physical computing, reviewing bioengineering papers, recording techniques and 

reverse engineering technical papers.  Playful experiments with dynamic matter such as 

water-responsive hydrogels would inspire a new set of questions and a conversation with 

the material. For example, what were hydrogels? What type of hydrogel could attach itself 

to fibre? Can we imagine a rhythm with hydrogels? And their entrance and exit? (See 

Fig.3.8) 

 

 

 

 

 

 

 

 

                                                
183 Sennett, p.149.  
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Fig.3.8: Hydrogel experiment swells in response to water. Pigment added to grain. Photo: 
Author (April 2015) 
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Gaston Bachelard’s concept of ‘the material imagination’ addresses the relationship 

between human memory and imagination, a connection between human experience and 

conceptual, projective thinking. Bachelard’s notion of the imagination's multi-sensory 

properties is explored in his work Water and Dreams.184 

 

This imaginative ‘play’ with materials can be seen as a re-enactment of various material 

experiences which have a sensory quality and have the ability to demonstrate a new level 

of expression. As discussed earlier, the first stage of this research involved an exploratory 

phase of filming episodic moments of curiosity and transition with elemental materials. 

For example, water, through its many guises, spraying, dripping, falling, flowing, 

discovering material flows, blurs, pulses and rhythms: Bachelard writes that ‘water is 

imagination made material.’185 (see video and Fig. 3.9) 

This bank of technical knowledge and embodied technique was drawn upon to gain a 

deeper understanding of processes and subsequently interwoven with the intangible 

material captures of the first research phase. The dramatic swelling of the hydrogel in Fig 

3.8 explores Sennett’s premise that a ‘technical understanding develops through the 

powers of imagination.’186 By engaging in a hands-on way with these emerging materials, 

the technology became an imaginative extension of the practitioner’s hands. This method, 

therefore, became a critical part of the material imagination through substitution, 

adapting, modifying, reversing and rearranging digital and physical processes.  

By the end of the research process, as documented in Chapters 7 and 9, our design 

process and experiments aimed to transform air and water into programmable materials 

as a ‘hydraulic system’. Here we took Merleau-Ponty's theories on embodiment viewed 

through Bachelard's phenomenological approach, where the ‘imagination' thrives in the 

matter, and the tools of the designer transform it into extensions of imagination.  

                                                
184 Bachelard, 1983  
185 Ibid. 
186 Sennett, p. 10 
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Fig.3.9: Liquid Rhythm: Filming the Rhine Falls, Switzerland, water in its different guises, slow and 
fast, watching it move and form. Water structures transform and disappear into mists and shimmer 
in pools- fluidity, reflection, depth. Water as an expressive material. Photos: Author (July 2014). (see 
Video 3.9)



3.8 Conclusion  

This chapter has articulated the methodology that addresses the relationship between 

creativity, knowledge production and emerging technology development in developing 

‘embodied material thinking’ methods. This embodied link to material converts tacit 

knowledge into a reproducible process of ‘material cooking’.  

Although we have argued that autoethnography is an appropriate application for this 

study, this type of experimental, qualitative methodology has been subject to criticism as 

‘not being scientific, for having no theory, no concepts, no hypotheses’.187 Yet this 

research does not intend to create the ‘objective truth’ or deliver a singular, definitive 

vision of how programmable soft materials can be developed. We are more interested in 

understanding the concrete, felt and interpretative experience of a creative researcher 

who is working within such a domain traditionally led by technical rationality. Whereas our 

case studies may be specific to the nature of our enquiry, using specialised technical 

language such as ‘actuation',  ‘chromatophores’ or  ‘hydrogels’,188 the ‘soft’ methods and 

outcomes of the research are transferable to the work of other material-led designers in 

the wider areas of design, engineering and science, and in areas such as synthetic 

biology, wearable 3D printing or computational architecture.  

Returning to the dialogue between objectivity and subjectivity, we draw on the work of 

Peter Lee, an expert in patent law, innovation and technology transfer. Lee writes that ‘the 

most pioneering academic breakthroughs often arise first in tacit form.’189 By releasing the 

latent knowledge of the practitioner through reflective practice, there is a reasonable 

chance that it would be in the creative ‘soft’ sciences that new advances in soft robotics 

may emerge.

                                                
187 Norman K. Denzin, Interpretive Autoethnography (London: SAGE, 2014), p. 70 
188 Definitions to be found in the glossary.  
189 Lee, p. 1527 



Chapter 4 : Bricolage Practice 

 
 

4.1 Introduction 

As already discussed in the opening arguments of Chapter 1, the initial aim of this study is 

to extract new knowledge by expanding the discipline of textiles beyond its traditional 

classification. Here we are aiming to address an emerging development in which 

designers are re-defining their practice as that of ‘hackers’ and ‘alchemists’.  

In seeking to analyse the characteristics of material-led design, we can observe the 

development of absorbing, deconstructing and then reconstructing a technical process 

through a hands-on engagement with soft circuits.  

To devise this ‘reverse-engineering’ method, as deployed in the later case studies 

Building a Soft Machine, Material Fluidics and Symphonic Materials, we will begin by 

reviewing the literature on computational materiality. We will then turn to our principal 

objective, which is to identify and understand the embodied learning process of a creative 

textile designer working with soft circuits. This will be illustrated through three small 

making probes consisting of a collaborative wearable technology prototype, a physical 

computing workshop and a self-initiated soft circuit prototype. 

This deconstruction allows designers to understand and reshape their notions of a 

computer through a material lens. We will thus argue that materials-led computing holds 

the potential to articulate novel expressive possibilities for HCI. 



4.2 Computational Materiality  

HCI has the capability to explore the way humans can interact with novel forms of 

computers190 and to perform as a tool for convergence between the physical and the 

digital. 

Traditionally, HCI has drawn on the field of computer science, in that the keyboard, mouse 

and screen are the principal modes of user interaction. It could be argued, however, that 

this is a disembodied and oculocentric development of the user interface, and as such it 

lacks the deeper potential for research exploration that could be achieved by using our 

sensory and tactile qualities. This is emphasised by interaction researchers Jung and 

Stolterman: 

The physical qualities of an artefact (e.g. sensorial feelings, visual or tangible 

shapes, bodily engagement in interaction) are increasingly disappearing, while 

digital qualities (e.g. functionality, performance, interactivity, connectivity among 

multiple interactive artefacts working as a system) are rapidly emerging.191  

It is possible, however, to employ more tactile, olfactory and haptic interactions to 

enhance the human-computer interface. Under the wider term of  ‘programmable 

materials', the emerging fields of transitive materials,192 organic user interfaces193 and soft 

robotics194 can redefine our understanding of both computation and interaction.195 In 

terms of programmable materials, the recent miniaturisation of hardware components has, 

                                                
190 Humans have interfaced with machines for centuries. Examples are the first simple machines in 
Mesopotamia (4000-3000 B.C.E), the calculator by Blasé Pascal (1642) and the automated weaving loom 
by Joseph Marie Jacquard [1805]. Within a wearable technology context, this was discussed in a 
presentation held at the Westminster Medium Forum in October 2014.  
191 Heekyoung Jung and Erik Stolterman ‘Digital form and materiality’,  in: Proceedings of the 7th Nordic 
Conference on Human-Computer Interaction Making Sense Through Design - NordiCHI '12, (Copenhagen, 
Denmark, October 14-17, 2012) (New York: ACM, 2012)  
192 Marcelo Coelho, Ivan Poupyrev, Sajid Sadi, Roel Vertegaal, and Joanna Berzowska et al., ‘Programming 
reality’, in: Proceedings of the 27th international conference extended abstracts on Human factors in 
computing systems - CHI EA '09 (Boston, MA, USA April 4-9 2009) (New York: ACM, 2009) 
193 Ibid.  
194 Soft Robotics, correlates directly to our case study with BristolSoft Lab (BRL) Laboratory in Chapter 5.  
195 Robert J.K. Jacob, Audrey Girouard, Leanne M. Hirshfield, Michael S. Horn, and Orit Shaer et al. (2008) 
‘Reality-based interaction: A Framework for Post-WIMP Interfaces’ in: Proceeding of the twenty-sixth 
annual CHI conference on Human factors in computing systems - CHI '08 (Florence, Italy, April 5-10 2008) 
(New York: ACM, 2008) 
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according to Coelho et al., ‘dramatically altered the kind of objects and environments we 

can design and construct.'196  

Transitive materials unite physical materials, and their unique and diverse properties, with 

the computational. As these novel substrates fuse with computational abilities, they offer 

the opportunity to explore interactions through adaptive surface mechanisms.197 This 

results in the stimulation of both the visual and the tactile senses, which may not be 

possible in flat interfaces with only emissive light changes.   

Vallgårda and Redström, for example, introduce the ‘computational composite’, a type of 

transitive material embedded with electronics. This expands expressive interaction design 

by asking: ‘In what ways can we consider computational technology as material?’198  This 

emerging material turn within HCI has been articulated further by interaction design 

scholars Mikael Wiberg,199 Erica Robles200 and Jakob Tholander et al.201   

Elsewhere in the literature, scholars underline the potential of ‘soft’ in the development of 

programmable materials. These can be illustrated by the conductive multi-colour sensor-

actuator structure identified by Kuusk et al.202 and Gilgen and Frankjaer’s Soft User-

Interface (SUI), ‘technology ingrained within flexible materials’.203  

 

                                                
196 Coelho and Zigelbaum, 2010 
197 Ibid.  
198 Anna Vallgårda and Johan Redström,‘Computational composites’, in: Proceedings of the SIGCHI 
conference on Human factors in computing systems - CHI '07  (San Jose, California, USA April 28 - May 03, 
2007) (New York: ACM, 2007) 
199 Mikael Wiberg, ‘Methodology for Materiality: Interaction Design Research Through a Material Lens’, 
Personal and Ubiquitous Computing, 18 (2013), 625–36  
200 Robles and Wiberg, 2010 
201 Jakob Tholander, Maria Normark, and Chiara Rossitto, ‘Understanding agency in interaction design 
materials’, in: Proceedings of the 2012 ACM annual conference on Human Factors in Computing Systems - 
CHI '12, (Austin, Texas, May 5-10 2012) (New York: ACM, 2012) 
202 Kristi Kuusk, Marjan Kooroshnia, and Jussi Mikkonen,‘Crafting butterfly lace’, in: Proceedings of the 2015 
ACM International Joint Conference on Pervasive and Ubiquitous Computing and Proceedings of the 2015 
ACM International Symposium on Wearable Computers – UbiComp (Osaka, Japan September 7-11 2015) 
(New York: ACM, 2016) 
203 Daniel Gilgen, and Raune Frankjaer, ‘From Wearables to Soft-Wear: Developing Soft User Interfaces by 
Seamlessly Integrating Interactive Technology Into Fashionable Apparel’, in: Design, User Experience, and 
Usability: Technological Contexts, (Lecture Notes in Computer Science, Vol. 8520) (New York: Springer, 
2014), , 253–60  
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Fig. 4.1: Transitive Material Experiment. Conductive thread cast 
through silicon. Photo: Author (Sep 2015) 
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An Organic User Interface (OUI) is one in which the user interacts with a non-flat display. 

Holman et al. use the textile-related analogy of knitwear to ask how computers would look 

if they were designed with a delicate sensibility.204 They then go on to explore the physical 

materiality of paper as malleable, and as possessing haptic, visual cues. Similarly, Ylva 

Fernaeus et al. assert that soft hardware establishes the facility to shape new forms of 

interaction due to the articulation of their direct material affordances.205 Accordingly, 

textiles present a range of material properties, tools and techniques to bring designs to 

fruition.206  

This textiles sensibility has been documented by Tomico and Wilde as ‘a particular 

sensitivity to material.’207 Moreover, Szu-Yu Liu et al.’s notion of ‘sensorial interaction’208 

suggests that this ‘…may entail a more complex relationship between the designer and 

the material.’ 209 Liu et al.210 have recently built on the computational composite 

framework presented by Vallgarda et.al. 211 

 

4.3 Language 

Vallgårda and Redström212 assert that for a designer to grasp and master the technical 

possibilities of material it is essential for its working language to acclimatise to the 

                                                
204 David Holman and Roel Vertegaal, ‘Organic User Interfaces’, Communications of the ACM, 51 (2008), 
48–55  
205 Ylva Fernaeus, Anna Vallgårda, Mili John Tharakan, and Anders Lundström,‘Touch and feel soft 
hardware’, in: Proceedings of the Sixth International Conference on Tangible, Embedded and Embodied 
Interaction - TEI '12 (Kingston, Ontario, Canada, February 19-22 2012) (New York: ACM, 2012) 
206 Ibid. 
207 Oscar Tomico and Danielle Wilde, ‘Soft, Embodied, Situated & Connected’, in: Proceedings of the 17th 
International Conference on Human-Computer Interaction with Mobile Devices and Services Adjunct - 
MobileHCI '15, (Copenhagen, Denmark, August 24-27 2015) (New York: ACM, 2015) 
208 Szu-Yu Liu, Tung-Jen E. Tsai, and Daniel Alenquer , ‘Exploring Computational Composite: An 
Approach To Sensorial Interaction’, in: Proceedings of the 19th ACM Conference on Computer Supported 
Cooperative Work and Social Computing Companion - CSCW '16 Companion, (San Francisco, California, 
USA, February 26 - March 2 2016) (New York: ACM, 2016) 
209 Ibid.  
210 Ibid.  
211 Vallgårda and Redström, 2007 
212 Ibid. 
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sensibilities of the designer. In this way, language is situated as a fundamental tool in the 

learning and communication process of working with these new materials: 

Language therefore becomes a crucial part of a design process as a way to 

understand material and technological possibilities. The language of materials 

developed within science and engineering, however, does not automatically 

transfer into the realm of design.213 

Material scientists and engineers use discipline-specific terminology. The intentional 

purpose of this language is to measure and quantify, which in turn makes the material 

appropriate to this very purpose: for functional and technical applications.  Consider the 

following analysis of an e-textile composite construction by textile engineers Matija Varga 

and Gerhard Troster:   

Examples of parameters are: share of conductive threads in a material, overall 

textile area occupied by the device, share of the plastic substrate in the overall 

composite area and number of threads in a thread group.214 

In the extract above, we have emphasised in italics the specific elements of mechanistic 

terminology used: ‘parameter’,  ‘share', ‘area’ and ‘number’. These terms exhibit the 

purpose of their study: that is, to acquire new knowledge based on measurable evidence 

and to draw logically appropriate readings from data and control variables. Similarly, the 

academic literature surrounding the invention of conductive ink have centred on 

systematic inquiries employing terminology such as ‘viscosity’, ‘resistance’, ‘formulation’, 

‘performance’, ‘traces’ and ‘interconnect’.  

By way of contrast, the textile designer expresses a particular sensitivity to the experience 

of materials, which can be characterised as ‘delicacy’, ‘subtlety’, ‘intuition’, ‘feeling’, 

‘responsiveness’ and ‘perceptiveness’, and which cannot necessarily be quantified or 

measured. This sensory fluency is embedded within the tacit knowledge of the designer, 

                                                
213 Ibid.  
214 Matija Varga and Gerhard Tröster, ‘Designing an interface between the textile and electronics using e-
textile composites’, in: Proceedings of the 2014 ACM International Symposium on Wearable Computers 
Adjunct Program - ISWC '14 Adjunct, (Seattle, Washington, USA, September 13-17 2014) (New York: ACM, 
2014) 
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who makes use of a range of sensory clues.215 Vallgårda and Redström, therefore, assert 

that the language of technical materials needs to be ‘appropriated to a design context.’216  

Given the differences identified, could the material-led disciplines devise a language 

which would stimulate the imaginative and evocative facets of technological tools? Can 

we imagine, even speculatively, that textiles designers could invent their own type of 

conductive ink using their specific tacit knowledge? This could, for example, take the form 

of ‘embodied speculation’ workshops, as devised by industrial designers Marco C. 

Rozendaal et al.,217 in which participants can imagine and critically reflect on the 

implications of emerging technologies by conceiving and constructing hands-on 

artefacts.218 

 

4.4 Bricolage Practice  

Vallgårda and Fernaeus introduce bricolage as an ‘interaction design practice', employing 

sociologist Sherry Turkle’s understanding of bricolage as being a method of ‘learning by 

making.’219  Turkle draws on anthropologist Claude Lévi-Strauss’s analogy of the bricoleur 

in his book The Savage Mind, where material ‘things’, ‘objects’ and ‘stuff’ are ‘goods-to-

think-with’.220 According to Lévi-Strauss, the bricoleur produces objects by adapting 

‘whatever is at hand’,221 adding, deleting, substituting and transforming.  

Philpott’s adaptable textiles illustrate this method of working.222 Within her embodied 

practice, traditional tools and materials are translated ad hoc into new techniques and 

processes, thus mirroring the approach of the bricoleur, who, according to Vallgårda and 

                                                
215 Winters, 2016 
216 Vallgårda and Redström, 2007 
217 Marco C. Rozendaal, Marie L. Heidingsfelder, and Frank Kupper, ‘Exploring embodied speculation in 
participatory design and innovation’, in: Proceedings of the 14th Participatory Design Conference on Short 
Papers, Interactive Exhibitions, Workshops - PDC '16, (Aarhus, Denmark, August 15-19 2016) (New York: 
ACM, 2016) 
218 This approach is explored in more detail in Chapter 7.  
219 Vallgårda and Fernaeus, 2015 
220 Sherry Turkle, Evocative objects, Reprint edn (Cambridge, MA: MIT Press, 2011), p. 4 
221 Claude Lévi-Strauss, The Savage Mind (Chicago: Univ. of Chicago Press, 1962) p.11 
222 Rachel Philpott, ‘Structural Textiles: Adaptable Form and Surface in Three Dimensions’ (Unpublished 
PhD thesis, Royal College of Art, 2013), p.119  
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Fernaeus, is able to ‘reinterpret their function in the course of the execution.’223  Their 

interpretation of bricolage, therefore, can be developed into interaction design practices 

to create ‘material rich artefacts’224 which are specifically embedded within a framework of 

existing cultural references. Building on this concept, we undertook an interrogation with 

material through a process of foraging and play. Igoe notes that textile designers 

manipulate, play and re-contextualise when designing and experimenting through ‘…stuff, 

trappings, bits and pieces, accoutrements, paraphernalia.’225 This range of found and 

collected objects is part of a process that Igoe calls ‘preparation for play.’226 These 

preparations have been observed to contribute visual, tactual and olfactory references to 

the final design. This could involve, for example, devising a collection of surface textures 

by collecting objects such as wood, leaves, feathers and souvenirs.    

This distinctive act of collecting paraphernalia resonated with the researcher. Not 

collecting for the sake of building a collection, but collecting fragments to synthesise into 

a more complex multisensory and contextually rich system. Amongst the accumulated 

items were boxes of electronic components, boxes of fibres, boxes of pigments, boxes of 

beads and boxes of tubing (see Fig 4.2). However, we acknowledge that a fascination with, 

and emphasis on, material things and ‘stuff' has been dismissed within Western scientific 

knowledge systems.227 Turkle observes that ‘material’, within the context of ‘formal, 

propositional ways of knowing',228 is consigned to a form of ‘hobbyism, or fetishism.’229 

She then extends by this by asserting that ‘material culture carries emotions and ideas of 

startling intensity.’230  

 

Could we, therefore, use the arguments of Turkle, Vallgårda and Fernaeus and Igoe, 

which support material ways of knowing as a method, to build emotionally richer HCI user 

interfaces, as Turkle further notes, by viewing material objects as a conduit to ‘connect 

                                                
223 Vallgårda and Fernaeus, 2015 
224 Ibid.  
225 Igoe, ‘In Textasis: Matrixial Narratives of Textile Design’ , 2013, p. 82        
226 Ibid, p.90 
227 As discussed in the theoretical underpinnings of Chapter 3. 
228 Turkle, 2011, p. 6 
229 Ibid.  
230 Ibid.  
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emotional worlds’?231  A soft computational interface could thus be designed by using this 

distinctive quality, rather than by inherently focusing on its instrumental capacities.  

Fig. 4.2:  Boxes of electronic components, boxes of fibres, boxes of pigments, boxes of beads, 
boxes of tubing Photos: Author (February 2017) 

 

4.5 Case study:  Colour-Sensitive Electronic Textiles  

At the start of this research, we embarked on a provisional set of three practice-based 

experiments designed to understand soft wearable electronics. These comprised a fibre-

optic dress collaboration with SensingTex, a physical computing workshop and a colour-

sensitive dress prototype. However, by the end of this research in 2017, the design 

impetus had shifted away from this first generation of LED-mounted wearables.  The short 

design probes undertaken at the start of the project served as an analysis of the process 

of physical computing.  

4.5.1 Fibre-Optics 

The first experiment, a fibre-optic dress,232 changed colour ‘on a whim.’233 This 

collaboration was undertaken with the technical textiles company, SensingTex.234 The 

                                                
231 Ibid, p. 5 
232 Fibre-optic fabric operates through woven optical and synthetic fibres. A fibre bundle is collected at 
one end, and light is emitted [through a LED] along the full length of the fibres. 



	

	

077 

shoulder sleeve cycled visually through a series of illuminated colours.  Accordingly, the 

wearer could select a colour option by pressing a soft pressure sensor embedded in the 

sleeve. In Fig 4.3 (and video 4.3 with soundtrack) the author wears the garment as a 

method of understanding the interaction process. However, it was found that pressing the 

sleeve felt clumsy. Reflecting on this experience, the researcher brainstormed to imagine 

a more performative and playful sensibility. We considered, for example, drawing on 

performative references, such as Loïe Fuller’s ‘Serpentine Dance’ (1896)235 and the film 

The Craft236 (1996), whereby the dress could turn ‘on’ and ‘off’, or alter in colour through a 

spinning movement or the dancing of the wearer.  

SensingTex sponsored and fabricated the concept from a costume drawing. They 

provided the fibre-optic woven fabric, the pressure-sensor switch and the programming 

of the electronic components to power the prototype. The responsibilities of the designer, 

in this example, lay in devising a drawn concept and publicising the prototype at 

International CES 2014. SensingTex, as the technologist, expected that this ‘showpiece’ 

would act as a sales channel for its patented fabric. Within the context of this study, this 

raises the question of how we can we articulate our role as designers. We could be seen 

as garment makers, fabric developers, concept developers, image-makers, decorators or 

even sales agents.  Or is critical design theorist Anthony Dunne correct in his appraisal of 

the relationship between design and technology? Dunne asserts that ‘commercial 

design’s approach to the electronic object has been to treat it as a package for electronic 

technology.’237  

 

                                                                                                                                     
233 ‘Fiber optic dress changes color on a whim’ Yahoo (9 January 2014) <https://sg.news.yahoo.com/fiber-
optic-dress-changes-color-whim-005457782.html> [accessed 27 March 2017] 
234 ‘Sensing Tex Smart Textiles’ (2017) <http://sensingtex.com> [accessed 20 February 2017]   
235 Loie Fuller depicted movement and light through dancing. See Danse Serpentine Directed by Lumière 
brothers (Paris, 1896)   
236 Character ‘Sarah Bailey’s hair changes colour through ‘swiping’. See The Craft Directed by Andrew 
Fleming (USA, 1996) 
237 Anthony Dunne, Hertzian Tales (Cambridge, Mass.: MIT Press, 2005) p. 5   
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Fig.4.3: Colour-changing fibre-optic fabric garment in collaboration with SensingTex. Researcher 
wearing garment. Photo: Axel Pietschker. Video Editing: Author (January 2014). (see Video 4.3 with 
soundtrack) 

 

Exhibiting at CES 14 prompted ongoing moments of reflection, which in turn, activated a 

change in direction for this enquiry. Firstly, on a practical level, difficulties arise in 

wearable electronics: the nature of fragile wires interfacing with the body’s natural 

movement encourages electronic components to break. However, a designer who can 

understand the electrical workings of their prototype can remain independent, resolve 

issues swiftly and ultimately remain in control of the product they give their name to.  

Secondly, the dress contained design flaws, such as bright yellow cabling and outsized 

electronics. Although these were seemingly superficial details, we can identify and 

acknowledge this specific collaborative process as a disembodied one. The technical 

work was outsourced, and design acted as a supplementary feature rather than as an 

integral and holistic part of the fabrication process.  
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4.5.2 Visible Electronics 

Participating in the Visible Electronics238 Workshop prompted a significant change in 

direction for this research enquiry. As experienced during the collaboration with 

SensingTex, ‘outsourcing’ the technical fabrication can overlook a design process which 

can emerge through human experience. During this workshop, however, participants 

were required to embrace and understand the very materiality of electronics by building 

working electronic circuits from ordinary household materials, such as a metal steel ball.239  

(see Fig.4.4)  

This week was an electronics workshop. The idea was to create circuits 

through material.  On the first day, we learnt how to solder creating a 

vibrating finger instrument. On the second day, we learnt how to etch using 

drinks cans. The idea was to re-purpose materials, which were not usually 

used for electronics.  Our group consisted of product design, service design, 

innovation design engineering, interaction design, visual communication, 

interior design and textiles. 

Thoughts such as can a material have a personality? Should it have a 

personality?  

(Journal Entry: 27th Sep- 04th October 2014)  

 

 

 

 

 

                                                
238 ‘Across’ RCA hosts interdisciplinary collaborative projects. ‘AcrossRCA’ (2017) <http://across.rca.ac.uk> 
[accessed 2 March 2017]   
239 Here we could use the analogy of baking bread. A childhood memory emerges here: baking by first 
grinding wheat into flour with a stone. 
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Fig.4.4: RCA Visible Electronics workshop, led by Intel Technologist-in-Residence Laurence 
Symonds.240 (a) Soldering/crimping techniques  (b) Programming the ‘paper’ forest (c) 
Household steel sponge (d) Rapid prototyping of a circuit with LEDs and steel. Photos: 
Author (October 2014)

                                                
240 ‘Laurence Symonds’ (2017) <http://www.laurencesymonds.co.uk > [accessed 20 February 2017]  



 

Other examples we can draw on which re-contextualise electronics through materiality 

include Ralf Baeker’s241 ‘irrational computing,’ Peter Vogel’s use of analog electronics as 

responsive musical systems in ‘the sound of shadows’242 and Coralie Gourguechon’s243 

specialist work to simplify electronics with paper; producing, for example, her ‘paper 

speakers'. (see fig. 4.5)   

Thus, by interpreting day-to-day household materials into working circuits enabled us, as 

participants, to become co-producers of computational materials rather than merely 

consumers and users of pre-fabricated electronic components. 

The principle of these early experiments manifested as an analysis into process, engaging 

directly with the materiality of technology and learning through doing which, as 

mentioned earlier in this chapter, can stimulate new tacit types of thinking.244 As soft 

computation expert Joanne Berzowska outlines, ‘We focus on the aesthetics of interaction, 

which compels us to interrogate and to re-contextualize the materials themselves.’245 This 

physicality of computing technologies is, therefore, intrinsic to the way the textile designer 

operates. Digital Crafting by textile designers can be exemplified by the approach of Sara 

Robertson and Sarah Taylor’s ‘Digital Lace’ project. Robertson and Taylor combined their 

respective expertise in printed textiles (thermochromic inks) and constructive textiles 

(fibre-optics) to develop a digitally controllable material which embodied a multifaceted 

visual outcome.246 

 

 
                                                
241 ‘Ralf Baecker’ (2017) <http://www.rlfbckr.org> [accessed 2 March 2017] 
242 ‘Peter Vogel - The Sound of Shadows’ (2011) <https://vimeo.com/59829961> [accessed 2 March 2017] 
243 ‘Coralie Gourguechon’ (2017) < http://www.coraliegourguechon.fr > [accessed 2 March 2017] 
244 Claire Pajaczkowska, 'Making Known, The Textiles Toolbox- Psychoanalysis of Nine types of Textile 
Thinking', in The Handbook of Textile Culture, ed. by Janis Jefferies, Diana Wood Conroy, Hazel Clark  
(London: Bloomsbury Academic, 2015), 79-94, (p. 79) 
245 Berzowska,  2012  
246 Sarah Taylor and Sara Robertson, ‘Digital Lace: a collision of responsive technologies’, in: Proceedings 
of ACM the 2014 ACM International Symposium on Wearable Computers – ISWC’14 Adjunct. (Seattle, 
Washington, September 13-17 2014) (New York: ACM, 2016) 
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Fig 4.5: Paper Speaker by Coralie Gourguechon Photo: Coralie Gourguechon247 

 

Maker Movement and Hacker Culture. 

The Visible Electronics workshop featured as part of the growing movement of DIY 

culture,248 which aims to democratise technology by making it more accessible and thus 

enabling students and designers to engage meaningfully with its ongoing development. 

This trend, otherwise known as ‘hacker' or ‘tinkerer' culture,  has given rise to the 

proliferation of fabrication laboratories and small-scale workshops, such as FabLabs and 

Makerspace Departments.249   

 

 

                                                
247 ‘Anatomical board of a speaker - Coralie Gourguechon’ (2017). 
<http://www.coraliegourguechon.fr/Anatomical-board-of-a-speaker> [accessed 2 March 2017] 
248 Iqbal Mohomed, and Prabal Dutta, ‘THE Age of DIY and Dawn of the Maker Movement’, ACM 
SIGMOBILE Mobile Computing and Communications Review, 18 (2015), 41–43  
249 Renee Dopplick, ‘Maker Movement and Innovation Labs’, ACM Inroads, 6 (2015), 108–8   
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Halverson et al. explain the maker movement as follows: 

The maker movement refers broadly to the growing number of people who are 

engaged in the creative production of artifacts in their daily lives and who find 

physical and digital forums to share their processes and products with others.250  

DIY cultures encourage outputs such as building a 3D printer, as described by Alistair 

Jennings,251 by the study of YouTube tutorials and step-by-step ‘how-to’ guides from 

Instructables.252 Instructables, which form part of the Autodesk's Pier 9 Creative Workshop 

initiative,253 seek to explore ‘new ways of making things, using state-of-the-art production 

tools and machinery.’254  

 

 

 

 

 

 

 

 

                                                
250 Erica Rosenfeld Halverson and Kimberly Sheridan, ‘The Maker Movement in Education: Designing, 
Creating, and Learning Across Contexts’, Harvard Educational Review, 84 (2014), 492–94 . 
251 Alastair Jennings, ‘How to build your own 3D printer’, TechRadar, 20 June 2016 
<http://www.techradar.com/how-to/computing/how-to-build-your-own-3d-printer-1323663> [accessed 2 
March 2017]  
252 ‘Instructables - DIY How To Make Instructions’ (2017) <https://www.instructables.com> [accessed 24 
February 2017] 
253 A tour of Autodesk San Francisco and Instructables was undertaken in May 2014; designers were 
encouraged to ‘break' machinery to test the limits.  
254 ‘Creative Workshops | Pier 9 San Francisco | Autodesk’, (2017) <http://www.autodesk.com/pier-9> 
[accessed 24 February 2017] 
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Fig.4.6: Workshops and micro-experiments to work out the materials. Visible 

Electronics (October 2014), Physical Computing Middlesex University (June 2015), 

MIT X RCA Inflating Curiosity (October 2015). Photo: Author (November 2015)  

Earlier in this chapter (Section 4.3) we discussed the possibilities for material designers to 

unlock their own tacit knowledge to create conductive inks. In this light, we could consider 

this to be a mode of ‘material hacking’. The term ‘hacking’, originating in the 1950s,255 has 

attracted either negative connotations related to cyber crime or perhaps more 

conventional associations with programming conventions in Silicon Valley and technical 

                                                
255 Jon Erickson, Hacking: The Art of Exploitation, 2nd edn. (San Francisco, CA: No Starch Press, 2008), p. 
2 
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universities.256 However, hacking is simply the practice of refashioning the established 

features of a system towards a new outcome.  

Returning briefly to our analogy of ‘material cooking’ from Chapter 3, an automated 

kitchen appliance such as a rice-cooker, for example, can do more than simply execute its 

programmed function – in this case, to prepare rice.  It is a highly adaptable machine and, 

through the imagination of the end-user, can be tinkered with to cook a variety of edibles, 

including tarka dal, banana porridge, or even plum jam. Moreover, hacking has become 

culturally privileged rather than being seen as a primarily computer-based and 

technological entity, manipulating code to re-wire computers. Douglas Thomas asserts, in 

his book Hacker Culture, that: 

We must regard technology as a cultural and relational phenomenon. Doing so, I 

divorce the question of technology from its instrumental, technical, or scientific 

grounding.257  

Other authors, such as Susan Yelavich and Barbara Adams, have suggested how hacking 

can offer a method for designers to develop systemic changes:  

When hackers build their own systems, even if the basic act is not confrontational, 

it draws new borders, displaces power, and re-circuits established chains of 

command. When building a new system, it became an incompatible counter-

system and thus challenged consensus.258 

Thus, in the context of this research we use material hacking to confront and challenge the 

traditional hierarchies of R&D innovation. Further, within a commercial context, DIY culture 

has offered opportunities to expand and stretch the abilities of designers. At sportswear 

brand Nike for example, the recent development and commercial success of the ‘Flyknit’ 

product range has informed their new textile laboratory that consists of designers and 

engineers collaboratively inventing new materials through experimentation and 

                                                
256 Universities which specialise in technical subjects can be staging grounds for hackers. For example, 
MIT Hacking Arts [2016]  held a 24-hour ‘Hackathon'.   
257 Douglas Thomas, Hacker Culture (Minneapolis, MN: University of Minnesota Press, 2002) pp. xx-xxi 
258 Susan Yelavich and Barbara Adams, Design as Future-Making, (London: Bloomsbury, 2014) p.50 
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hacking.259 John Hoke, vice president of Global Design at Nike, offers a practical example 

of accidental innovation through ‘playing’ with a knitting machine:  

We bought a sweater machine and thought, what if we hacked it and didn’t make 

a sweater? And put different threads in? And elastic? How would that feel?260  

Similarly, within the field of cosmetics George Kress261 at Estée Lauder integrates technical 

developments such as microelectronics into merchandise. Kress illustrates the 

development process that resulted in the Turbo Lash battery-powered mascara, 

explaining how the concept was translated from a vibrating razor and subsequently 

applied to a mascara product. Although the final product took 200 iterations, the early 

development process was similar to bricoleur-like hacking. Early prototypes were crude 

constructions of components fabricated from older and ready-made parts which Kress 

already had to hand. This snapshot example demonstrates how even major corporations 

can initiate research using so-called ‘amateur’ techniques.  

These two real-world examples show how designers are now required to appropriate this 

newfound technological medium in a creative and hands-on manner.  

Early-stage imaginatively focused R&D exists in technical companies such as Google X 

(‘The Moonshot Factory’) and Disney Research262 (‘The Science Behind the Magic’).263 In 

these, most of the job openings are for electrical and software engineers and computer 

scientists. However, in order to remain competitive, would these companies benefit from 

taking a similar approach to Nike in using material and designerly ways of experimenting, 

testing and improvisation?  

                                                
259 Nike is an example of a commercial brand that consistently publishes new patents related to inventions 
regarding textile tools, machines and final artefacts. The most recent include a braiding machine with 
multiple rings of spools [Granted 09/02/17], Decorative foam and method [Granted: 09/02/17] and 
Sensor-system footwear [Granted 26/01/17]. <https://patentscope.wipo.int> [accessed 6 March 2017] 
260 Marcus Fairs, ‘Nike opens Hackney design studio to explore advanced textiles’, Dezeen, (8 April 2016) 
< https://www.dezeen.com/2016/04/08/nike-opens-design-studio-hackney-london-advanced-textiles-
flyknit/> [accessed 24 February 2017] 
261 Vice president of R&D. Meeting with Kress at the Printed Electronics Europe [2012] and a subsequent 
meeting at Estée Lauder NYC [2013].   
262 ‘Disney Research’, (2017) <https://www.disneyresearch.com> [accessed 8 March 2017] 
263 ‘X – The Moonshot Factory’, (2017) <https://x.company/about> [accessed 8 March 2017] 
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4.5.3 Colour-Sensitive Dress 

In Chapter 3, we identified the process of filming of ‘material moments’ as one of our 

methods of observation. In this manner, we sought to translate the sensibilities of ‘soft’ 

towards electronic fabrication. (see Fig. 4.7) This operated as an attempt to blend the 

physical and the digital with embroidery and soft circuits by using conductive thread to 

craft a soft circuit.  Rather than using wire, textile connectors were made with stainless 

steel conductive thread.  

 

 

 

Fig. 4.7: Translating the soft sensuality of petal leaves. Photo: Author (April 2014) 
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The Colour-Sensitive experiment progressed from the Visible Electronics workshop. The 

prototype aimed to merge craft-based textiles practices such as hand screen-printing and 

embroidery alongside a sewn soft circuit, Arduino micro-controller (lilypad) and a colour 

sensor. Intentionally, the prototype would not be functionality-led, aiming instead to 

perform a playful interaction with the user. The concept of ‘wearable magic', a theme at 

the Ravensbourne ‘Wearable Futures' conference264 (2013) is a communication device 

which can engage with the audience, thereby enabling them to participate physically in 

the performance. 

The dress was constructed through a ‘maker culture' approach, following online tutorials 

such as those hosted by Adafruit265, founded by electrical engineer Limor Fried,266 and 

Kobakant, founded by Hannah Perner-Wilson and Mika Satomi.267 Perner-Wilson posits 

this method of working as ‘hybrid craft’.268 

Through this process, the researchers learned to design, make and programme electronic 

textiles by modifying Becky Stern’s online tutorials on Adafruit, such as the colour-sensor 

tutorial269 and the conductive thread tutorial.270  

The prototype was assembled from three layers: an upper printed cotton layer, created 

through hand-screen printing; a sandwiched soft electronics layer, and finally a lining. The 

top layer was composed of a traditional screen-printed design; the design was hand-

drawn. Laser-cut and engraved Perspex beads were sewn onto the upper, printed layer of 

the dress to accentuate and transmit the colours from the LEDs. Finer, screen-printed 

fabrics such as chiffons were box-pleated and hand-embroidered onto the final garment 

to create a delicate, tactile and light-diffused interface. (see Fig.4.8 and Fig.4.10)  

 

                                                
264 ‘Wearable Futures’, (2017) <http://www.wearablefutures.co> [accessed 24 February 2017] 
265  Limor Fried started Adafruit industries in her dorm room at MIT [2005]  
266 ‘Ladyada’, (2017). Ladyada.net <https://www.ladyada.net> [accessed 23 February 2017]  
267 ‘Kobakant.at’, (2017)  <http://www.kobakant.at> [accessed 23 February 2017] 
268  Leah Buechley and Hannah Perner-Wilson, ‘Crafting Technology’, ACM Transactions on Computer-
Human Interaction, 19 (2012), 1–21  
269‘Overview | Adafruit Color Sensors | Adafruit Learning System’, (2017) Learn.adafruit.com 
<https://learn.adafruit.com/adafruit-color-sensors/overview> [accessed 23 February 2017] 
270 Ibid.  
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Fig. 4.8: Fabricating the colour-sensitive dress. Photos: Author (November 2014-December 2014). 
(a) Water-colour drawings. (b) Scanned drawing for screen print. (c) Ink mixes. (d) Prototype concept 
sketch. (e) Exposing screen. (f) Hand-screen printing. (g) Top layer final print. (h) Stitching prototype. 
(i) Testing prototype shape. (j) Conductive tracks. (k) Crimping method. (l) Soldering LEDs to crimps. 
(m) Colour-sensor test. (n) Couching circuit onto cotton base. (o) Box-pleating embroidery. (p) Final 
prototype testing. (see video 4.8)  

The flexible electronics layer was fabricated through the conductive thread and RGB 

NeoPixel LEDs. Previous tests with the conductive thread have shown that the thread 

would not be robust enough for the dress. Therefore another solution was required for 

the circuit. First, 2mm silver crimps were threaded through the conductive thread to host 

the LEDs. Secondly, two strands of conductive thread271 were set in place using the 

embroidery technique of couching. Here, two strands of conductive thread are placed 

                                                
271 The thread chosen was made from 316L stainless steel and had a resistivity of 0.83 ohm per inch. 
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across the surface of the fabric like a railway track, and are subsequently secured with 

small machine stitches (see Fig. 4.8 and 4.9). The LEDs are then successively soldered 

onto the crimps to construct a robust circuit. A LilyPad Arduino, colour sensor (TCS34725) 

and lithium polymer battery pack were sewn, connected into the conductive track with 

conductive thread. 

 

 

 

Fig.4.9: Couched conductive thread. Laying down tracks of a 3-ply conductive thread which 
are secured in place through the embroidery technique of couching.  When stitched 
conventionally the conductive thread was affected by resistivity issues; this offered a more 
robust electrical connection. Photo: Author (November 2014) 
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By placing a chosen colour on the sensor, colours could be simulated and reflected: for 

example, a yellow object would trigger the colours of the LEDs to turn yellow. (see 

Fig.4.11) 

An onboard LED would illuminate nearby objects, and the sensor measures the light 

reflected from the object. RGB outputs of the sensor drive an RGB LED to match the 

colour that is seen by the sensor. Notably, the colour-sensor could measure a wide variety 

of colours, but in contrast, the colour values of the LEDs were limited. Applying Schön’s 

reflecting-on-action272 method, we imagined that the next development might explore a 

design space exploring liquid, rather than emissive displays. For example, could we 

create an interactive display using pigments, such as, for example, International Klein 

Blue?273 Klein notably sought to create an ‘alchemical experience’ in his work.274 

Further, the physical experience of making each component of the prototype led to a new 

awareness of the limitations of expression in current technology, such as the LEDs and 

electroluminescence, with their predictive capabilities: one-dimensional, emissive and 

binary. In contrast, these binary tools are alien to designers who may wish to develop 

explorative, unplanned and non-linear experiments with unknown and unforeseen 

outcomes.  

 

 

 

 

                                                
272 Schön, p. 26 
273 International Klein Blue (IKB) was invented and registered as a trademark colour in 1957 by the artist 
Yves Klein. In IKB the polymer binder is used to preserve the luminescence and powdery texture of raw 
yet unstable ultramarine pigment. 
274 Alastair Sooke, ‘Yves Klein: The man who invented a colour’, BBC Culture, 28 August 2014 < 
http://www.bbc.co.uk/culture/story/20140828-the-man-who-invented-a-colour > [accessed 24 February 
2017] 
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Fig.4.10: Arranging a review of the colour-sensor dress process. Conductive thread 
samples, printed textile samples, prototype drawings, paintings, photographs. Photo: 
Author (November 2015) 
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Fig. 4.11: Colour-sensitive prototype. Photo: Flora Deborah. Editing: Author. (April 2015) 
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4.6 Conclusion 

‘Embodied learning’ frames the first-person action research methodology of this thesis. 

The main argument has been that to shift the designer’s role into an active capacity in the 

technology development process is to engage in hands-on prototyping through an 

experiential, interpretive and reflective inquiry. 

Artefacts, in this case, are a method of initiating a discussion about programmable 

materials, a ‘host for thought.’ These, according to Polanyi, are the practitioner's new-

found tools – and in this instance, they become embedded within the designer’s tacit 

knowledge: ‘when we make a thing function as the proximal term of tacit knowing, we 

incorporate it into our body – or extend our body to include it – so that we come to dwell 

in it.’275 This act of absorbing tools, such as using conductive thread, programming a 

microcontroller or using a soldering iron converts, as Schön writes, into ‘tacit knowing-in-

action,’276 and the designer will be able to apply their specific know-how to future 

iterations through repeated experience. 

While it can be suggested that DIY maker culture can be seen as an amateur pursuit, or as 

a mere hobbyist niche, it could also be more strongly argued that this culture and method 

of learning can form part of an iterative design model, releasing a prototype range of 

abilities within the designer. Further, this form of ‘material hacking’ is one in which, by 

grasping the medium of technology through experiential knowledge, we can allow a 

more formal understanding of the decoding of scientific papers. It can then be seen that 

together these methods offer the first steps towards the building of a creative and 

practice-led knowledge of programmable materials.

                                                
 
275 Polanyi and Sen, p. 16 
276 Schön, p. 49 



Chapter 5 : Soft Robotics 

 
 

5.1 Soft robotics: a review 

This chapter will examine soft robotics as an emerging phenomenon in design. First, a 

brief technical review of the field will be presented in order to contextualise the practice-

led case studies. Second, a collaborative case study with Bristol SoftLab at the Bristol 

Robotics Laboratory will be observed in order to gain a deeper understanding of how 

these materials and mechanisms work. Finally, our reflections from this collaborative 

project inform our design-led making cycles: ‘Building a Soft Machine’ and ‘Symphonic 

Materials’.  

As we briefly discussed at the start of this thesis, soft robotics is a multi-disciplinary field 

with specialist laboratories such as the Lewis Lab277 and Whitesides Research Group278 

(both at Harvard University), MIT’s Soft Active Materials Lab279, Bristol SoftLab (BRL),280 

AMOLF, Amsterdam281 and the Faboratory at Purdue, University, Indiana.282 These 

laboratories are primarily engaged in research into robotics and smart materials. However, 

the field of soft robotics is also studied in university bioengineering departments and as 

an extension of the work of the robotics departments of other academic institutions, 

examples being the Queen Mary, University of London’s Centre for Advanced Robotics 

(ARQ),283 the Robotics Institute at Carnegie Mellon University, Pittsburgh,284 the Stokes 

                                                
277 ‘Lewis Research Group’, Harvard University, (2017) 
278 ‘Whitesides Research Group’, (2017) 
279 ‘MIT SAMs Lab’, MIT (2017) 
280 ‘Soft robotics’, Bristol Research Laboratory (2017) 
281 Bas Overvelde, Dario Albert, Giorgio Oliveri, Niels Commandeur, and Yun Li et al., ‘Soft Robotic Matter’,  
AMOLF (2017) 
282  ‘The Faboratory at Purdue University’, Purdue University (2017) 
283 ‘ARQ Advanced Robotics @ Queen Mary - ARQ - Advanced Robotics at Queen Mary University of 
London’ Qmul.ac.uk <http://www.qmul.ac.uk/robotics/> [accessed 7 March 2017] 
284 ‘Soft Robotics and Bionics Lab’ <http://softrobotics.cs.cmu.edu> [accessed 7 March 2017] 
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Research Group (Bioinspired Engineering) at Edinburgh University285 and the Adaptive 

Systems Lab at the ETH (Swiss Federal Institute of Technology), Zürich.286  

Soft robotics are for the most part inspired by biological systems which have no rigid 

structures and are thus able to shape their bodies to suit their environment. Embodied 

and dextrous marine-like organisms, such as octopus tentacles, lizards’ tongues and 

elephants’ trunks, all provide the inspiration for artificial-muscle-inspired soft robotic 

mechanisms. (see Fig. 5.1) The materials developed in soft robotics are uniquely suited to 

the pliable and adaptable nature of textiles, offering a compliant means to interface with 

the human body. Specific interest in terms of textiles and fashion lies in the novel actuator 

technology, an actuator being the output – a mechanism that converts a signal, such as a 

variable in light, temperature or sound, into a physical parameter. Traditional mechanical 

actuators are, for example, driven by wheels, pulleys and chains.   

In soft robotics, these soft actuators include pneumatic and hydraulic structures, 

electroactive polymers (EAPs), and stimuli-responsive polymers (SRPs) such as shape 

memory polymers and pH/thermally responsive hydrogels.  

Our collaborator in this case study was Bristol SoftLab287 They outline their approach thus: 

In the Bristol Robotics lab we are exploring several avenues, one is electroactive 

polymers (EAPs) for artificial muscles; another is the bio–mimetic 3D printed 

flexible artificial whisker. A third approach makes use of shape memory alloys to 

actuate octopus–like limbs, as demonstrated in the EU OCTOPUS project.288 

Elastic polymers (Elastomers) such as silicon are frequently used within soft robotics 

because, as their name suggests, they have qualities of elasticity. Moveable structures can 

be constructed from casting the silicon in moulds. Embedded pneumatic networks 

                                                
285 ‘Stokes Research Group’ Stokes Research Group at The University of Edinburgh 
<http://www.homepages.ed.ac.uk/astokes2/> [accessed 7 March 2017] 
286 ‘Publications 2017’, Adaptivesystemslab.blogspot 
<http://adaptivesystemslab.blogspot.co.uk/p/publications.html> [accessed 7 March 2017] 
287 ‘BRL’ (2017) <http://www.brl.ac.uk/researchthemes/softrobotics.aspx> [accessed 17 January 2017]  
288 Stian Westlake and Alan Winfield, Our Work Here is Done: Visions of a Robot Economy,  (London: Nesta, 
2014), pp. 38- 52 
<https://www.nesta.org.uk/sites/default/files/our_work_here_is_done_robot_economy.pdf> [accessed 5 
August 2016] 
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(PneuNets), developed by Trinity College Dublin and the Whitesides Research Group, 

Harvard University,289 for example, are composed of networks of small channels cast in 

elastomeric materials. A pre-defined internal cavity is formed from internal channels; the 

material then inflates in response to a controllable air pressure. This development forms 

part of the Soft Robotics Toolkit,290 an open-source resource platform dedicated to the 

advancement of soft robotics. We will build on this concept in Chapters 6 and 7.  

Further elastomer-based developments include an ‘electroluminescent skin’ display, 

developed by Chris Larson et al. of Cornell University291 and Yong-Lae Park of Carnegie 

Mellon University,292 who have conceived soft elastomeric circuits assembled from 

microfluidic channels, which are accordingly filled with a liquid conductor, the result being 

a pressure-sensitive elastic artificial skin.  

These examples provide only a glimpse of the kinds of research being developed with 

soft robotic elastomers. What is of specific interest to this research, however, is the 

versatility of elastomers, especially regarding the structure of a flexible composite 

material. Stacked layers, in this instance, are employed in soft robotics to combine the 

various mechanical properties of different materials.293 As these developments are built 

on soft lithography techniques, their methods could be of particular interest to the field of 

printed textiles, and therefore serve as a particular area which we will develop in this 

research: that is, an interactive and stretchable composite. This will be discussed further in 

the next chapter, in ‘Building a Soft Machine’.  

                                                
289 Adam Stokes, Stephen Morin, Filip Ilievski, Robert Shepherd, Aaron Mazzeo, George Whitesides et al. 
‘Multigait Soft Robot’, Proceedings of the National Academy of Sciences,108, (2011), 20400–20403  
290 Dónal P Holland, Evelyn J Park, Panagiotis Polygerinos, Gareth J Bennett, and Conor J Walsh, ‘The Soft 
Robotics Toolkit: Shared Resources for Research and Design’, Soft Robotics, 1 (2014), 224–30  
291 Chris Larson, B Peele, S Li, S Robinson, M Totaro, L Beccai, and others, ‘Highly Stretchable 
Electroluminescent Skin for Optical Signaling and Tactile Sensing’, Science, 351 (2016), 1071–74  
292 Yong-Lae Park, Bor-rong Chen, and Robert J Wood, ‘Soft Artificial Skin with Multi-Modal Sensing 
Capability Using Embedded Liquid Conductors’, in: Proceedings of the 2011 IEEE Sensors Conference - 
IEEE, 2011 
(Limerick, Ireland, 28-31 Oct 2011), pp. 81-84. 
293 Andrew D Marchese, Robert K Katzschmann, and Daniela Rus, ‘A Recipe for Soft Fluidic Elastomer 
Robots’, Soft Robotics, 2 (2015), 7–25  
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Fig. 5.1: Top: Crinoid Cuttlefish. Bottom: Lizard Tongue. Photos: Adobe stock 
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Textile Robots. 

Moving away briefly from the elastomer-based research discussed above, it can be noted 

that Rebecca Kramer et al., mechanical engineers at Purdue University, have constructed a 

‘robotic textile' utilising thread-like shape memory alloys294 (SMAs) and flexible polymer 

sensors. These are made using a soft silicone tubing filled with conductive liquid metal, 

thus creating an ‘active and sensing thread’.295 The SMA acts as the actuator, while the 

silicone tube sensor acts as the sensor. Both are accordingly sewn and embedded into the 

same base material using the embroidery techniques of couching, a method briefly tested 

using conductive thread, as discussed in Chapter 4. When the flexible polymer tubing is 

deformed by applied stress, the resistance changes, in turn activating the SMAs. 

Accordingly, the fabric grows into a dynamic form, exhibiting a kinetic functionality.296 

(see Fig. 5.2) 

As illustrated in Fig. 5.2, Kramer’s experiment shows promise; however, the visual and 

tactile qualities are yet to be fully explored. How, therefore, could we imagine this 

development being interpreted through material design and experimental wearable 

technology prototyping?  

Stretch-sensitive kinetic forms might be draped, enveloped and moulded to the body, 

creating a relationship between the agency of a shape-shifting material and the human 

body. Or could there be a deeper interrogation of materiality, investigating structural 

deformations through pattern and surface texture, experimenting with the properties of 

the substrate or the coatings of the silicone tubing? Moreover, if, as Kramer claims, 

numerous sensors could generate ‘richer sensory information’,297 then how could a 

weaver or knitter interpret this information into their own practice, thereby inventing 

different soft robotics outcomes?  

                                                
294 Nickel titanium wire (Flexinol) actuator contracts in response to temperature.  
295 Thomas P Chenal, Jamie Paik, Jennifer C Case, and Rebecca K Kramer, ‘Variable Stiffness Fabrics with 
Embedded Shape Memory Materials for Wearable Applications’, in: Proceedings of the 2014 IEEE/RSJ 
International Conference on Intelligent Robots and Systems – IROS’14 (Chicago, IL, USA September 14-18, 
2014) pp. 2827–31  
296 Ibid. 
297 Ibid. 
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The initial point here is that emerging technical developments of soft robotics are already 

characterised by textiles fabrication methods such as sewing, casting, moulding and the 

manipulation of soft materials.  It is here that we can draw on Sennett’s concept of an 

‘intuitive leap’298 and ‘adjacency’, the process by which Sennett suggests that ‘two unlike 

domains’ are brought together.299 

Sennet’s ‘intuitive leap’ thus occurs through the application of the inventor's tacit 

knowledge when comparing two contrasting disciplines. This is defined as a common 

process throughout ‘technology transfers',300 whereby technology is relocated from its 

original establishment to a wider audience: for example, transfers from academic 

institutions to commercial enterprises. Sennett offers a practical example of the invention 

of the mobile telephone: to create the mobile phone researchers had to put together two 

very different artefacts – the radio and the telephone – and then imagine ‘what they might, 

but didn't yet, share.'301 

As has been noted throughout Chapter 4, Vallgårda and Fernaeus, and Philpott and 

Turkle, draw on Lévi-Strauss’s concept of bricolage. Likewise, technology management 

specialist Andrew Hargadon calls on this notion in devising the term ‘knowledge brokers’ 

within technology transfer,  

Individuals construct novel interpretations and actions through a process of 

intellectual bricolage, by dissembling and reassembling their past experiences in 

ways that enable them to understand and respond to new situations.302   

The idea that textiles and fashion designers are introducing new technological innovations 

through their samples and garments is not new,303 as they are already acknowledged for 

bringing technology into a more accessible form and for repackaging technologies for a 

different markets. However, this study argues that designers are often able to apply 

                                                
298 Sennett,  p. 211 
299 Ibid, p. 210 
300 Ibid, p. 211 
301 Ibid.  
302Andrew B Hargadon, ‘Brokering Knowledge: Linking Learning and Innovation’, Research in 
Organizational Behavior, 24 (2002), 41–85  
303 For example, see the technology transfer project of Polymer Opal, in which the prototype was made to 
introduce the polymer opal fabric to new audiences in sportswear and fashion. (Fig 5.4) 
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knowledge brokering at an earlier stage, and in such cases should be able to do so. And, 

as we have already asserted at the end of Chapter 3, it is at this early stage that new 

knowledge for soft robotics often begins.  

If for example, the language of these soft robotic technical developments is already in 

some capacity familiar at a subconscious and tacit level to the designer, then the 

acquisition of physical computing skills will enable them to decode and build on technical 

literature by authors such as Kramer.  

Kramer et al. have extended their research by developing a ‘variable stiffness' fabric 

embedded with thread-like shape memory polymers. An SMA wire is coated with SMP 

pellets; here the SMA wire acts as a heating element for the shape memory polymer 

fibres.304 305  

Other actuations which build on textiles fabrication include thread-like artificial muscles. 

Carter Haines et al., of Disney Research,306 for example, have developed a thermally-

activated muscle fibre. A nylon mono-filament thread is twisted with an electric drill until it 

coils and is heat-set in shape. The coil then works as an artificial muscle if heat is applied 

that triggers a contraction within the coil. This actuator can be potentially woven, knitted 

or embroidered307 into fabrics for applications from wearables to architecture. Jonathan 

Rossiter, head of Bristol SoftLab, (BRL), claims that this development could offer tactile 

communication abilities for clothing, as the kinetic qualities of the ‘nylon-coil’ fabric 

interface directly with the skin.308   

 

 

                                                
304 Chenal, Paik, Case, and Kramer, 2014 
305 As an aside, on a fibre-level, shape memory effects have also been applied to cotton fibres by Liem. 
See: H Liem, L Y Yeung, and J L Hu, ‘A Prerequisite for the Effective Transfer of the Shape-Memory Effect 
to Cotton Fibers’, Smart Materials and Structures, 16 (2007), 748–53  
306 Carter S Haines, M D Lima, N Li, G M Spinks, J Foroughi, J D W Madden, et al., ‘Artificial Muscles 
From Fishing Line and Sewing Thread’, Science, 343 (2014), 868–72 
307 Carter S Haines, Na Li, Geoffrey M Spinks, Ali E Aliev, Jiangtao Di, and Ray H Baughman, ‘New Twist on 
Artificial Muscles’, Proceedings of the National Academy of Sciences, 113 (2016), 11709–16 
308 Jonathan Rossiter, 'Robotics, Smart Materials, and Their Future Impact for Humans', in The Next Step: 
Exponential Life, ed. by Nuria Martinez Deano (Spain:BBVA, 2017) 
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Fig.5.2: Robotic Fabric. Photo: Rebecca Kramer, Purdue University.309 

3D printing robots  

Additive manufacturing such as 3D printing supports the advances in soft robotics, either 

by enabling the required fabrication tools, such as custom-designed moulds, to be built, 

or by physically printing soft materials using a multi-matter printer, layer by layer.  

3D printing technologies are continuously being adapted and re-invented for a variety of 

applications. For example, Disney’s fabric-based 3D printer, by Huaishu Peng et al.,310 

enables separate fabrics to be composited within the same print. This is performed by 

connecting a laser-cutter and bonding adhesive into the same machine. By using 

conductive fabric in the machine, a final design can be rendered touch sensitive. Peng’s 

development is noteworthy in that it attempts to create 3D prints with flexible substrates, 

such as textiles, rather than rigid plastics. However, to achieve more complex advances, 

                                                
309 Emil Venere, ‘Robotic fabric could bring “active clothing”, wearable robots’ Purdue University, 23 
September 2014 <https://www.purdue.edu/newsroom/releases/2014/Q3/robotic-fabric-could-bring-
active-clothing,-wearable-robots.html> [accessed 3 March 2017]  
310 Huaishu Peng, Jennifer Mankoff, Scott E. Hudson, and James McCann (2015) ‘A Layered Fabric 3D 
Printer for Soft Interactive Objects’, in: Proceedings of the 33rd Annual ACM Conference on Human 
Factors in Computing Systems - CHI '15 (Seoul, Republic of Korea, April 18-23 2015) (New York: ACM, 
2015) 
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for example by integrating multiple sensors and actuators within the same textile, we 

need to examine 3D printing at a micro and nano-level.  

The development of 4D printing, the most recent iteration of 3D printing, is notable. Here 

the printer is constructed to print with multiple material properties.311 These materials can 

change in response to external stimuli. The final printed structure can, according to 3D 

printing researchers Jin Choi et al., ‘change its form or function with time in response to 

stimuli such as pressure, temperature, wind, water, and light.’312 To fabricate these types 

of materials, ink-based 3D printers use ‘multimaterial printheads’, as spearheaded by 

Harvard researchers Jennifer Lewis et al.313 These machines can print with multiple inks, 

allowing designs of both material composition and structure, such as printable stimuli-

responsive hydrogels, which would enable a textile to change texture and shape in 

response to an external variable, such as water. 

5.2 Soft Robotics Case Study: Bristol SoftLab (BRL) 

The ‘ChromoSkin’ design probe, in collaboration with BRL,314 was supported by an EPSRC 

IAA Proof of Principle Award315 for ‘Compliant colour changing skin materials for fashion 

and consumer devices.’ This Exploratory Impact Award supported a three-month project 

to explore interactive Dielectric Elastomers Actuators (DEAs), a type of EAP used for 

consumer applications. For details of the foundational work, see: ‘Colour Gamuts in 

polychromatic dielectric elastomer artificial chromatophores'.316   

Simply put, EAPs change shape in response to an electric charge.317 DEAs work by 

embedding an elastomer in between two compliant electrodes. When a voltage is applied 

                                                
311 Full colour multi-material 3D printers include [Envision Tec BioPlotter] [Objet260 Connex, Stratasys.]   
312 Jin Choi, Kwon O-Chang, Wonjin Jo, Heon Ju Lee, and Myoung-Woon Moon, ‘4D Printing Technology: 
a Review’, 3D Printing and Additive Manufacturing, 2 (2015), 159–67 
313 James O Hardin, Thomas J Ober, Alexander D Valentine, and Jennifer A Lewis, ‘3D Printing: 
Microfluidic Printheads for Multimaterial 3D Printing of Viscoelastic Inks’, Advanced Materials, 27 (2015), 
3278–78  
314 Jonathan Rossiter; Andrew Conn; Antonio Cerruto, Calum Roke. 
315 ‘EPSRC Impact Acceleration Account | RED | University of Bristol’ (2017)  
<http://www.bris.ac.uk/red/industry/impact-acceleration/> [accessed 4 March 2017] 
316 Jonathan Rossiter, Andrew Conn, Antonio Cerruto, Amy Winters, and Calum Roke, ‘Colour Gamuts in 
Polychromatic Dielectric Elastomer Artificial Chromatophores’, in: Proceedings of SPIE Electroactive 
Polymer Actuators and Devices - EAPAD, 2014  (San Diego, California, USA, 8 March 2014), 905620 
317 Philip Howes, Material Matters (London: Black Dog, 2012), p.78 
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to the two electrodes, an electric field, in turn, prompts the elastomer to expand, thereby 

creating an optical effect.318 

Structural and Pigmented Colour 

The ‘ChromoSkin’ project was founded on the discoveries made by marine biologist 

Roger Hanlon on the adaptive colouration of cephalopods.319 More specifically, there are 

two types of adaptive colour produced in the skin of cephalopods: structural320 and 

pigmented.321 

Within nature, structural colour is achieved through optical diffraction,322 as illustrated by 

the beetle wing and the peacock feather in Fig.5.4.  While adaptive pigmented colour is 

achieved through ‘compacting or spreading pigment’,323 the cuttlefish skin is composed 

of a three-layer structure  - chromatophores, iridophores and leucophores.  

Chromatophores form the top pigmented layer and the main colour-changing cells, 

containing brown, red, orange and yellow pigments. The next layer, iridophores, work by 

reflecting light, depicting iridescent greens and blues. Leucophores are the final layer: 

these cells reflect ambient light and are commonly represented as white spots. Using 

these cells, cuttlefish can control, and rapidly transform, their pattern, colour and texture 

to camouflage and communicate.  The research findings by Hanlon et al. offered 

opportunities to develop synthetic electrokinetic and electrofluidic technologies which 

could be translated into flexible material forms.324 (see Fig.5.3 for reference images) 

                                                
318 Ron Pelrine, ‘High-Speed Electrically Actuated Elastomers with Strain Greater Than 100%’, Science, 287 
(2000), 836–39  
319 Squid, cuttlefish and octopus.  
320 Lydia M Mathger, Eric J Denton, N. Justin Marshall, and Roger T Hanlon, ‘Mechanisms and Behavioural 
Functions of Structural Coloration in Cephalopods’, Journal of the Royal Society Interface, 6 (2009), S149–
63 
321 Ibid. 
322 Eric Kreit, Lydia M Mathger, Roger T Hanlon, Patrick B Dennis, Rajesh R Naik, Eric Forsythe et.al, 
‘Biological Versus Electronic Adaptive Coloration: How Can One Inform the Other?’, Journal of the Royal 
Society Interface, 10 (2012), 20120601–1 
323 Ibid.  
324 Ibid.  
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Fig.5.3: Chromatophores, Iridophores and Leucophores (a) Iridescent spots in the 
squid. (b) Blue–green iridescence and white scattering leucophore stripes in 
cuttlefish.  (c) Camouflaged S. with pink iridescent arms and white markings 
caused by leucophores. (d) White leucophores  (e) Skin in cross section showing 
the location of chromatophores (ch.) and structural reflectors (ir., iridophores; leuc., 
leucophores) in cephalopods. (f) Close-up of cuttlefish skin showing 
chromatophores (yellow, expanded; dark brown, partially retracted; orange, 
retracted) and white leucophores. (g) Brown, red and yellow chromatophores of 
squid (h) Combination of chromatophores and iridophores to illustrate the range 
of colours. (i) Electron micrograph showing iridophore plates (ir.) and spherical 
leucophores (leuc.) of cuttlefish (S. official) skin. Photo and caption: Alan Kuzirian 
Copyright © 2008 The Royal Society. 
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Fig.5.4: ‘Structural Colour’ project collaboration: Cavendish Nanophotonics Group. Photo: Flora 
Deborah (2012). Beetle and Peacock feather: Adobe Stock



 

Structural Colour 

An example of structural colour materials at a ‘technology transfer' level can be 

understood through the stretchable ‘Polymer Opal’ colour-change textiles by the 

NanoPhotonics Group at the Cavendish Laboratory, Cambridge University. The polymer 

opal film is built into a scalable process, using stacked nanoparticles which can be 

fabricated onto flexible films through a roll-to-roll process.325 The film can be applied to a 

flexible substrate using a bonding layer such as Thermoplastic Polyurethane (TPU) with a 

standard heat-press. Other common techniques found in printed and composite textiles, 

such as a laser and vinyl cutters, are used to customise the film into logos and patterns. 

For example, before this study the author developed a wearable prototype and stretch 

textile samples in collaboration with the Cavendish NanoPhotonics Group (see Fig.5.4).   

Pigmented Colour 

The ChromoSkin project case study, in contrast, is based on pigmented colour, 

specifically chromatophores. As explained further by Hanlon et al., 

 A chromatophore consists of a pigment-containing sac that has dozens of radial 

muscles attached to its periphery. These muscles are innervated directly by the 

brain, and by contracting and relaxing the chromatophore muscles the pigment 

sac increases or decreases in area.326 

Chromatophores are controllable, and are triggered either by environmental changes, 

such as temperature or visible threats, or by internal changes, such as mood or stress.  

Cuttlefish, for instance, hold two hundred chromatophores per square millimetre of skin, 

offering endless possibilities of combinations to create nuanced patterns and textures, 

with each chromatophore actuating in a radial direction. BRL simulated the fast expansion 

                                                
325 Qibin Xhao, Chris E Finlayson, David R E Snoswell, Andrew Haines, Christian Schäfer, Peter Spahn, et.al, 
‘Large-Scale Ordering of Nanoparticles Using Viscoelastic Shear Processing’, Nature Communications, 7 
(2016), 11661  
326 Mathger, Denton, Marshall, and Hanlon, 2009 
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of these muscles using DEAs, whereby artificial chromatophores mimic the radially 

orientated muscles found in natural chromatophores. 

A multi-colour artificial Chromatophore  

Previously, BRL had demonstrated a bio-inspired artificial chromatophore, a monochrome 

structure using DEAs on a single dielectric elastomer membrane.327 Our collaboration 

advanced the technology further to realise a stacked multi-colour artificial chromatophore: 

or, in simpler terms, a prototype colour-changing skin.  

The ChromoSkin experiments used three dielectric elastomer actuator screens. Actuators 

for the three colour components were fabricated separately using single layer pattern 

actuators and stacked together to form the final design. (see Fig. 5.5, 5.6, 5.7, 5.8 and 5.9) 

Preliminary design concepts were devised by the author from instinctive responses, after 

observing videos of the monochrome DEA experiments. Concepts were inspired by 

‘breathing’, ‘jelly’ and ‘water’. Designs were drawn up on CAD328 and laser-cut into stencils 

using 200um polypropylene at the RCA. (see Fig. 5.6 and 5.7).  

The main fabrication and final experiments were conducted by BRL Laboratories. Firstly, VHB 

4905 dielectric membrane (3M) tape329 was pre-stretched to rigid acrylic frames (see Fig. 

5.6). Next, conducting, coloured electrodes were fabricated by mixing gelatine and 

pigment. Using the laser-cut stencils, a dual frame technique was employed to flip the 

membrane for printing on both sides of the dielectric membrane. Transparent 

electrodes330 were painted onto the dielectric membrane to form narrow connections 

from the frame to the coloured actuator. Copper leads on the frame link back to a 

control unit331 and can be integrated with sensors such as sound, proximity and light.  

                                                
327 Jonathan Rossiter, Bryan Yap, and Andrew Conn, ‘Biomimetic Chromatophores for Camouflage and 
Soft Active Surfaces’, Bioinspiration & Biomimetics, 7 (2012), 036009  
328 Membrane size specification 80mm. 
329 VHB tape is made with acrylic foam, which is viscoelastic in nature. 
330 Path electrodes being just over 1mm wide. Clear electrode materials can opaque carbon or electrode 
gel.    
331 Such as Raspberry Pi, a general-purpose computer. 
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Finally, the coloured actuators strained and expanded in response to voltage when 

connected to an electric circuit, returning to their original shape when short-circuited.332 

This gave a resulting optical effect of a pattern expanding and contracting. (see Fig. 5.5, 

5.6, 5.7 and Video 5.5) 

 

 

Fig. 5.5 Waterlily artificial Chromatophore. Photo: Author (see Video 5.5 with soundtrack)

                                                
332 Strains expand by 200%. Therefore the final printed patterns designs can expand by 200%.  

 



 

Fig.5.6: Poison Frog artificial chromatophore (a) Poison Frog (Zurich Zoo) (b) Vector-drawn mask (c) 
Bottom paper layer (d) Vector visualisation (e) Sennelier pigments (f) Pigment mixes (gelatine) (g)  
Frames (h) Printed layers (i) Stacked layers (j) Background and single layer (k) Close-up (l) Close-up 
(m) Background layer (n) Single printed layers (o) Stacked layers (p) Close up. Photos: Author 
(December 2013). (see Video 5.6, sound-reactive artificial chromatophore) 
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Fig.5.7: ‘Waterlily’ artificial chromatophore. (a) Waterlily (Kew Gardens) (b) Stacked layers (c) 
Stacked layers and external proximity sensor (d) Laser cut 200um polypropylene mask (e) Single 
printed layers  (f) Stacked layers. Photos: Author (December 2013). (see Video 5.7, proximity-
reactive artificial chromatophore) 
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Fig. 5.8: Red Waterlily artificial chromatophores. Photo: Author (December 2013) (see Video 5.8, 
sound-reactive ChromoSkin) 

 

 

Fig.5.9: Flexible artificial chromatophore, employing flexible frames. Photos: Author (December 
2013



 

5.3 Reflection 

This short design probe was able to provide a foundational experience in framing this 

research enquiry. While our BRL collaborators were specifically focused on developing a 

flexible operational material which could change colour, the author, in contrast, became 

more curious about the suggestive organic appearance of the artificial chromatophore. 

The artefact gave the appearance of being suspended in water, even though the 

construction was entirely made from polymers and electronics. Although the 

polypropylene masks had been laser-cut by mechanised CAD processes, the gelatine was 

hand printed, rendering the final result, with its slight imperfections, even more lifelike. 

Further, what intrigued the author was the use of pigments: for example, Sennelier 333 

synthetic pigments can mimic ancient minerals such as lapis lazuli, cinnabar and malachite.  

This offers, perhaps, the opportunity to design natural materialities through computational 

making within an extended cultural and historical framework.  

Furthermore, the interaction arrived with a sense of intimacy, as the sound-sensitive 

material responded through interactions of ‘whispering’ or ‘humming.’ The ‘waterlily', with 

its gelatine life-like quality, thus became a ‘thing', an artefact with agency.334 Film 

experiments playing on this concept are found in Video 5.12 and 5.13, in which we 

embed ‘pulsing’ audio into the video.  

This concept of programmable ‘elemental’ materials remains the main focus of the rest of 

this research enquiry. Through the ChromoSkin project, the viewer is offered a new lens 

through which to perceive organic elements such as flowers and water, evoking memories 

and multi-sensory translations. Thus allowing the viewer to experience a technological 

and artistic interpretation of nature. In this sense, we align with Mitchel Resnick, of the 

Lifelong Kindergarten group at MIT Media Lab, as he explains how ‘the computer can be 

                                                
333 ‘Sennelier - a history in color’ (2017) <http://www.sennelier-colors.com > [accessed 14 February 2017]  
334 Agency given to non-human actors [e.g. artefacts]. See Bruno Latour, ‘modify other actors through a 
series of actions’. Bruno Latour, Politics of Nature: How to Bring the Sciences into Democracy, trans. 
Catherine Porter (Cambridge, MA: Harvard University Press, 2009) p. 75 
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used to create evocative objects’.335  

However, there were also several limitations to the project. Caveats included the 

experiment’s short shelf life, which lasted from a matter of hours to days. Further, a 

powering voltage of 2000-3000V made the material hazardous to interface with the 

human body. Taking the above into account, there was an interest in visualising the 

ChromoSkin project on a larger scale.  Speculative design work was conducted through 

fabricating stretchable, soft, sculptural garments out of neoprene and crushed organza. 

(Fig. 5.10, Fig. 5.11 and Video 5.11) The motivation behind this approach lay in moving 

beyond flat screen-based interfaces and experimenting with alternative surface structures.  

Further, the garment visualisation served as an attempt to scale the petri-dish-sized 

experiments into full body-sized garments. These visualisations, however, faced their own 

limitations; the unique tactility of the ‘jellied’ ChromoSkin was lost through both the light 

projections and the CAD designs. (see Fig. 5.10 and 5.11)   

As has been noted, the experience of laboratory collaboration with electro-active 

materials such as DEAs at an early stage of this study was valuable. However, we can also 

acknowledge that during this stage the designer’s position within the project was not 

entirely embodied. Designs had been computer-generated, dispatched to the laser-cutter 

and executed by BRL: a pre-planned process with not much room for creative mistakes or 

tactile and experimental play. Thus, in the next practice-led making cycles of this study, 

the designer employed a visceral and affective engagement with materials in their 

computational practice.   Mitchel Res 

 

 

 

 

                                                
 
335 Mitchel Resnick, 'Objects of Design and Play, Stars', in Evocative Objects: Things We Think With, ed. by 
Sherry Turkle (Cambridge, MA: MIT Press, 2011), 38-45 p.43 
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Fig.5.10: Waterlily: Right: Experiment with light projection of ‘Waterlily’ ChromoSkin pattern onto 
the garment. Left: Garment CAD mock-up.  Photos: Flora Deborah Photo Editing: Author 
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Fig. 5.11: Poison Frog: Experiment with the projection of ChromoSkin pattern onto the garment. 
The speculative vision of flexible sculptural adaptive patterning. Photos: Author. (see also Video 
5.11, projection experiment on crushed organza surface) 

 

 



Chapter 6 : Building a Soft Machine 

 
The purpose of this chapter is to provide a synthesis of the research themes in the key 

areas of visceral design, experience design and the interface between material 

imagination and embodiment. A theoretical enquiry into these research themes 

underpins the practice of the making cycle in ‘Building a Soft Machine.’  

From a theoretical position, this chapter frames the design of the soft machine, using the 

notion of ‘visceral design’. It will look at this study through the lens of ‘experience-centred 

design’, a strand of research in HCI which expands beyond user-led design to include the 

aesthetic and kinaesthetic dimensions of the user experience.  

The groundwork for the ‘material thinking’ experimental process within HCI is laid out as a 

detailed set of instructions in the context of autoethnography.336 The instructional method 

serves to translate tacit textile knowledge into an explicit and reproducible process, 

articulating the affective dimensions of building a programmable composite. This 

research seeks to recognise an experiential337 approach to the user experience in HCI by 

accounting for subjectivity in the context. 

 

6.1 The Interactive Composite System   

We started out by devising a diagram for an interactive stretchable composite system (see 

Fig. 6.1). The composite layers comprise (1) active texture; (2) fluidic actuation; (3) soft 

circuit and (4) flexible battery. While the technical practicality of the soft printed circuit and 

battery layer is beyond the scope of this study, it is, however, an area in which we have 

conducted early experiments, and which we intend to develop in a more formal capacity 

after this present study.338 This chapter, therefore, will focus specifically on the 

development of the ‘sensory engagement’ layers: that is, ‘active texture’ and ‘fluidic 

actuation.’  

                                                
336 See Chapter 3 for further discussion on the instructional method. 
337 John McCarthy and Peter Wright, Technology as Experience (Cambridge, MA.: MIT Press, 2004) p. 6 
338 More information about how we would technically advance the composite is to be found in Chapter 9 
on Future Developments. 
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This initial stretchable composite prototype uses off-the-shelf materials as a ‘technology 

blueprint', using a 3v air motor, 12v peristaltic pump, sound sensor and proximity sensor. 

The composite layers comprise (1) active texture and (2) fluidic actuation. To move the 

composite into a soft autonomous prototype, we propose in the next iteration to include 

the layers of (3) soft circuit and (4) battery. 

In fabricating the composite, the designer uses an embodied practice by manipulating 

tools339 and materials and relying on the designer’s own tacit knowledge.340 Thus, in this 

specific visceral engagement with material, the designer imparts their own subjectivity 

through the properties of the material, thereby identifying the approaches required for a 

tactile, embodied and affective expression of material development.  

The subjective experience of designing a machine. Why could this lead to 

innovations? The more I seem to physically engage with material, the more 

ideas there are, it leads on to new things. This may have been impossible just 

putting ready-made components together.  

(Journal entry: Jan 12th 2016) 

This materials-engaged and exploratory method of working builds upon emerging 

approaches which consider the embodied and experiential value within HCI, as opposed 

to a function-orientated, user-centred approach.  Interaction designer Heekyoung Jung, 

for instance, proposes materiality as understood through exploration, rather than use. She 

investigates how to create new aesthetic qualities, such as the affective, embodied and 

experiential values of digital artefacts.341 Further, she aims to evoke different user 

responses by exploring aesthetics, such as ‘new types of forms, interactions and functions 

– enabled by physically interactive surfaces.’342 Similarly, Felecia Davis, architect-

researcher and director of Penn State University’s SOFTLAB, argues in favour of ‘research 

                                                
339 For example using a soldering iron, rather than a laser-cutting machine, to burn texture. 
340 Winters, 2016 
341 Heekyoung Jung and Erik Stolterman,‘Digital form and materiality’, in: Proceedings of the 7th Nordic 
Conference on Human-Computer Interaction Making Sense Through Design - NordiCHI '12, Copenhagen, 
Denmark, October 14-17, 2012, (New York: ACM, 2012) 
342 Heekyoung Jung ,‘Expressive surfaces’, in: Proceedings of the fourth international conference on 
Tangible, embedded and embodied interaction - TEI '10, (Cambridge, Massachusetts, USA, January 24-27) 
(New York: ACM, 2010) 
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through material’,343 articulating that the qualities of a material itself can lead to new ways 

of communicating through that material – new ways that cannot be imagined if the only 

purpose were to solve a specific user problem. 

 

 

 

 

Fig 6.1: Interactive Composite System diagram. Diagram: Author (November 2015)

                                                
343 Felecia Davis, ‘The Textility of Emotion’, in: Proceedings of the 2015 ACM SIGCHI Conference on 
Creativity and Cognition - C&C '15, (Glasgow, UK, June 22-25) (New York: ACM, 2015) 



 

6.2 Affect and Visceral Engagement with Material 

We frame the design of the soft machine within the ‘visceral’ layer of emotional design, as 

charted by design thinker Donald Norman.344 Norman has proposed a three-level 

framework for analysing design, thereby evoking an emotional response at the visceral, 

the behavioural and the reflective level.  Behavioural design relates to functionality and 

usability, as favoured by the traditional HCI user experience.345 The visceral relates directly 

to our sensorial experience where the material rules supreme – here, physical features 

such as look, feel and sound prevail.346  

It can be noted that viscerality is a theme frequently found in the context of theatre and 

film in the creation of ‘affect’. We can thus apply film-making techniques to build 

emotionally richer HCI interfaces.  

Can film-making methods be applied to designing a soft machine?  

Can you use the effects of cinematography in designing textile? Can you use 

the effects of editing in designing textiles? Mood and atmosphere: Is the 

surface highly emotional like drama? Is it entertaining? Is it high energy and 

action? Am I developing a character? (Journal Entry: 25th January 2016) 

This concept can be seen in Brenda Laurel’s Computers as Theatre, in which she notes that 

the cultural scaffolds of theatre, film and narrative are ‘intimate sources of knowledge 

about interactive representation’, and consequently theatre and temporal design thinking 

can be applied to the design of an interactive system.347 Further, Laurel argues that the 

use of theatre as a foundational underpinning can be a method of designing interfaces 

which are ‘familiar, comprehensible and evocative.’348  

                                                
344 Norman, 2004, p.65 
345 Ibid., p. 69 
346 Ibid., p. 67 
347 Brenda Laurel, Computers as Theatre, (Boston, MA: Addison-Wesley, 1993) p. 21 
348 Ibid.  
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Positioning textiles as an interface for the experiential, can we imagine a ‘visceral soft 

system’ that engages our body and its sensory experience: optical, acoustic, olfactory, 

tactile, thermal, kinaesthetic, proprioceptive, visceral and cross-modal? It can be argued 

that textiles already offer this capability, but integrating HCI can make the sensory 

experiences we aim to elicit both heightened and controllable.  

Visceral… ‘The distinct feeling of shivers up your spine’ and has been 

described as one of the most sublime feeling induced by music. Maybe I 

could explore this further as a multi-modal textile?’ (Journal Entry: 11th 

February 2016) 

Youn-Kyung Lim et al. have explored emotional experience in interaction design using 

Norman's definition of viscerality as ‘perceptually induced reactions’, which relate directly 

to our physical senses.349 Melissa Gregg and Gregory J Seigworth define ‘affect’ as, ‘…the 

name we give to those forces – visceral forces beneath, alongside, or generally other than 

conscious knowing, vital forces insisting beyond emotion.’350   

An experiential textiles interface could be described as translating one subjective 

experience into another – a transitional human experience.351 As discussed in Chapter 3 

above, in filming the rhythms of water an elemental interface became a concept to 

describe a conduit for an emotional, affective experience. Similar ideas focused on 

qualitative elemental experiences, such as the feeling of sunshine or the feeling of 

seasonal transformations, connecting one experiential feeling to another. John McCarthy 

et al., for example, identify a type of user experience within HCI as ‘enchantment’, and 

discuss how designers can use this as a concept within the design of interactive systems to 

                                                
349 Youn-kyung Lim, Stolterman, Erik, Justin Donaldson, Heekyoung Jung, Breanne Kunz, David Royer et.al, 
‘Emotional Experience and Interaction Design’, in Affect and Emotion in Human-Computer Interaction, 
Lecture Notes in Computer Science (Berlin, Heidelberg: Springer Berlin Heidelberg, 2008), pp.116–29 
350 Melissa Gregg and Gregory J Seigworth, The Affect Theory Reader (Durham, NC ; London: Duke 
University Press, 2010) p. 1 
351 The concept of an experiential textiles interface was initially developed through the RCA Test Bed 4: 
‘Textiles As An Interface Workshop’. Dan Lockton and Victoria Ranner introduced the Material User 
Interface [MUI] in which a textile material can be conceived as an interface, connecting the material to 
human values. Participants were asked to imagine and sketch out their own interface concepts. Questions 
posed included: What possible interfaces could exist? What is, for you, a textiles interface?  
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build affective attachments.352 Accordingly, this concept could be further elucidated and 

applied to a material context.  

The Design Research Map by Sanders and Stappers identifies the landscape of human-

centred design research. In relation to this map, Igoe argues that not only could the 

design methods of interdisciplinary research by designers working within new 

materialities such as programmable materials or synthetic biology be located within the 

field of ‘design and emotion’, but also that the field could start to expand into other areas 

through this type of research. 353  (Highlighted in Fig 6.2)  

 

Fig. 6.2: Design Research Map. Design and Emotion Field. Diagram Sanders and Stappers 

(2008).354  Adapted by Carolien Postma et al.355 

                                                
352 John McCarthy,Wallace, Jayne, Peter Wright, and Andy Dearden, ‘The Experience of Enchantment in 
Human–Computer Interaction’, Personal and Ubiquitous Computing, 10 (2005), 369–78 
353 Igoe, 2013 
354 Elizabeth B -N Sanders and Pieter Jan Stappers, ‘Co-Creation and the New Landscapes of Design’, 
CoDesign, 4 (2008), 5–18  
355 Carolien E Postma, Elly Zwartkruis-Pelgrim, Elke Daemen, E., & Jia Du, 2012 Apr 30. Challenges of 
Doing Empathic Design: Experiences from Industry. International Journal of Design [Online] 6:1. 
Available: http://www.ijdesign.org/ojs/index.php/IJDesign/article/view/1008/403 



 

6.3 Composite Experiments: New Modes of Expressive Surfaces 

 

The initial composite experiments in this case study are created using off-the-shelf 

hardware to test out pneumatic and fluidic silicon textiles. The focus was on the innate 

characteristics of ‘soft’: that is, stretchy, malleable, fluid, tender, manipulated, adaptable, 

sensorial and highly tactile qualities. The ‘sensory engagement’ layers, which are the 

active texture and fluid actuation, combine traditional textile craft techniques with the 

computational to create expressive textures such as a proximity-reactive ‘breathing 

surface.’  

Ling Yao et al. have developed a technical framework for pneumatically actuated 

composites, illustrating, for example, dynamic texture change and composite sensing 

layering.356 A function-led approach to developing a potential application, such as a 

shape-changing mobile phone, is employed. However, the point of departure in this 

paper is located within ‘sensory making’, as described by Sarah Pink, with particular 

attention to sensory perception and experience.357 We move Yao’s framework beyond 

industrial design practice by fabricating interactive pneumatic and fluidic surfaces within 

specific ‘material thinking’ methods. This is done by developing the ‘sensory engagement’ 

layers of the composite through experimentation with surface design, colour, texture and 

pattern.

                                                
356 Lining Yao, Ryuma Niiyama, Jifei Ou, Sean Follmer, and Clark Della Silva et al., ‘PneUI’, in: Proceedings 
of the 26th annual ACM symposium on User interface software and technology - UIST '13, St. Andrews, 
Scotland, UK, October 8-11 2013, (New York: ACM, 2013) 
357 Pink, 2009, p. 22 



6.4 Instructional Method for Building a Soft Machine 

The following instructions have been adapted from the Soft Robotics Toolkit (as previously 

mentioned in Chapter 5). This is an open-source resource designed to contribute to the 

advancement of soft robotics from the Whitesides Research Group, Harvard University.358 

In our process, we use the metaphor of cooking, with a range of options to be adapted for 

each layer.  

Ingredients.  

• Required materials: silicon (Eco-flex 00-30), 3v pneumatic mini pump, 12v peristaltic 

pump, 1mm I.D x 2mm O.D clear translucent silicone tubing (for the fluidic layer but 

size is interchangeable), (Lutradur 30 gm).  

• Optional materials: silicone pigments, coloured powders, flocking fibres (in different 

colours: we used fibres also found in applications such as prosthetic make-up, model-

making garden fibre), 3D-printed moulds for elastomer channels.    

• Tools: scissors, pins, cutting knife, metal baking tray, disposable gloves, wooden stir 

sticks, soldering iron, gloves, mixing/measuring cups.  

• Optional: sublimation printer, heat press, 3D printer for moulds.  

                                                
358 Holland, Park, Polygerinos, Bennett, and Walsh, 2014  



 

Step One: Inspiration.  

Devise a mood board (a collection of textures, colours and images) to capture thoughts, 

glimpses, nuances and impressions. This experiment used macro-photography, for 

example, to explore surface through organic forms, texture, and the secret enchantments 

of the natural world. Found objects or pictorial experiences to convey a tone or 

atmosphere can be embedded as physical, tactile references into this process to create 

new forms and translate a mood.359 

This mood board turns into a blueprint for the ‘sensory engagement' layers of the 

composite. During this process, images and thoughts are expressed in a quick and 

instinctive manner. Our composition of a mood board, for example, invited a story of 

interaction to investigate experiential textiles, creating novel interactive, expressive 

surfaces. Evocative ideas started to emerge, such as skin and water, gasping, breathing 

acoustics, swarm, bass and beat. (see Fig. 6.3) 

Fig. 6.3: Mood board of textures. RCA WIP show (Jan 2016) Photo: Author 

 

                                                
359 As we have discussed in more detail in Chapter 4.  
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Step Two: Electronic System.  

Assemble the circuit. Inputs: gesture sensor APDS-9960, electret microphone BOB-09964. 

Outputs: 3v pneumatic motor, 12v peristaltic pump. Control: Arduino Pro Mini 3.3v data 

processor. Power:  9v batteries (X 2), step-down voltage regulator D15V35F5S3. We use a 

sound and proximity sensor; however, the sensors can be interchanged depending on the 

interaction required.360 (see Fig. 6.4) 

Step Three:  Composite Fabrication.  

• Sublimation print to a non-woven polyester (Lutradur 30). Heat from a soldering iron 

can be used to distress the material and re-imagine surface, structures and textural 

qualities. (see Fig. 6.4) 

• Mix part A and part B Ecoflex into a measuring cup equally. Mix briskly with a stir stick. 

Spread a very fine layer over the printed fabric samples. Cure for four hours. (see Fig. 

6.4) 

• Pour a layer of EcoFlex on a baking tray (layer 1): pigments and fibres can be mixed to 

create a variety of tensile strengths. Mixed-media layering involves freely combining 

any and all kinds of materials that you want to use in creating the composite. Painterly 

methods of layering, dripping, pouring, and glazing enable expressivity, and the multi-

layered structures evoke a tactile quality where human-made imprecision is a desired 

part of the result. (see Fig. 6.4, 6.6, 6.7, 6.8, 6.9) 

• Active texture layer: Coat the edges of (layer 1) with a small amount of Ecoflex to bond, 

and place on the cured printed fabric sample (this forms as an adhesive).  Cure for four 

hours. Use a pin to insert a hole for tubing into layer 1.  

• Fluidic actuation layer: Fix silicon tubing onto the printed fabric sample with EcoFlex. 
Here we use fluids as a display surface as an alternative to compressed air. See, for 
example, Fig. 6.6 and the encasement of flocking fibres and silicon tubes.   

                                                
360 Winters, 2016 
 



 

 

Fig.6.4: Building a Soft Machine Process: (a) Experimental set-up (b) Sublimation Printing for 
background layer patterns (c) Powder pigment/silicon mix (d) Silicon mixture (e) Silicon tubing 
layout (f) Composite construction (g) Composite construction (h) Schematic diagram (i) 3v pump (j) 
12v pump Photos: Author (January 2016) Schematic diagram: Clive Hudson 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Fig.6.5: Hydraulic Actuation: Moss flock embedded into the silicon substrate with silicon channels 

and yarns.  (a) Moss (b) Hydraulic pump and blue dye (c) Clay mould for casting a texture pattern (d) 

Hydraulic Pump (e) Close-up: Releasing silicon from clay texture mould (f) Pouring silicon and flock 

particles (g) Final sample, flock, yarns and silicon tubing suspended in silicon. Photos: Author (Jan 

2016) 
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Fig. 6.6: Tests on sound-activated fluid-actuation layer. Composite embedded with grass flock, 
silicon tubing form as channels for fluidic actuation. Flock embedded silicon suggests a lichen, moss 
or algae texture. Photo: Author (Jan 2016) 

Fig. 6.7: Silicon experiments with fibres, yarns, lace and flock. Photo: Author (Dec 2015) 
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Fig. 6.8: Active Texture Layer Experiment: The ‘sensory engagement’ layers of active texture and 
fluid actuation combine traditional textile craft techniques used in print and mixed media, such as 
surface disruption, layering and interruption. The texture of human skin is echoed in the flesh-like 
tones. (a) Skin palm lines (author) (b) Flesh flock for creating a tactile surface 361 (c) Yarn embedded 
silicon matrix (d) Dripped texture (e) Pneumatic actuator (f) Cast texture (g) 3v pump and lithium 
battery test (h) Proximity-sensor before activation (i) Proximity-sensor when activated, shape change. 
Photos: Author (Jan 2016) (see Video 6.8) 

 

 

 

                                                
361 Flesh-coloured 0.5mm Decitex Nylon Flock used in prosthetic make-up applications.   
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Fig. 6.9: Proximity-reactive pneumatic skin experiment. Photos: Author (Jan 2016) 
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6.5 Conclusion  

We have argued in this chapter that material thinking can be discovered through a direct, 

visceral engagement with diverse materials, including electronics, plastics and textiles, to 

uncover subjective capabilities such as imagination, touch and material manipulation. 

There were, of course, limitations; the off-the-shelf electronic prototypes of Fig.6.4 were 

unwieldy and raw, in contrast to our proposed diagram of the interactive composite (see 

Fig. 6.1).  

However, here we used the format of a recipe for soft robotic materials to create a 

framework which heightens visceral engagement: a ‘recipe’ offers a structure for this 

process which in turn could support the development of tangible computing.



Chapter 7 : Symphonic Materials 

 
This chapter362 will consider a future for wearable fluidic materials through a frame of 

embodied making and imagination. It will be presented through an account of the design 

and construction of, and reflection from, a case study, Symphonic Materials. This 

exploration was undertaken by drawing on the rhythm of natural, elemental materials such 

as water and air. It will, therefore, extend and build on our methodology of an 

embodied363 approach to the design of a ‘soft machine' – but seen through the lens of 

speculative design, thus opening a discussion about how an embodied engagement with 

these materials offers the possibility to re-imagine the experiential characteristics of 

dynamic matter.364  It will conclude by considering how our experiments can provide new 

capabilities, both embodied and speculative, for design researchers to explore the 

inventions enabled by emerging technologies for programmable materials and wearable 

technology.  

Chapter 6 considered the ‘design and emotion’ approach, as outlined in the evolving 

landscape of Sanders and Stappers’ design research.365 This present chapter, therefore, 

offers an illustration of how the design and emotion paradigm might intersect with other 

areas, such as critical design.

                                                
362 An adaptation of this chapter has been accepted for publication at the HCI International Conference 
2017. 
363 Merleau-Ponty, p.144 
364 Elisa Giaccardi and Elvin Karana , ‘Foundations of Materials Experience’, in: Proceedings of the 33rd 
Annual ACM Conference on Human Factors in Computing Systems - CHI '15, (Seoul, Republic of Korea, 
April 18-23) (New York: ACM, 2015) 
365 Sanders and Stappers, 2008 



7 . 1  Bod ily Dreamscape 

Through a bodily ‘dreamscape’, we can now consider the relationship between 

reflective,366 embodied367 and tacit368 knowledge and the conceptual and the speculative. 

This final case study will explore a visceral engagement with material through a series of 

small-scale experiments using fluidic and pneumatic actuators to develop expressive 

textile surfaces.369 

Within the literature on HCI, scholars place emphasis on the value of an embodied 

approach to the development of novel forms of interaction. As already discussed in the 

review of computational materiality in Chapter 4, this work is informed by an emerging 

material turn within HCI.  

Scott Klemmer et al.370 advocate ‘thinking through prototyping’ as a more nuanced 

method of developing the digital-physical blur in tangible computing. They argue that 

practitioners in other professions, such as surgeons, sculptors, jewellers and musicians, 

engage directly with material and rely on their hands.  Similarly, Danielle Wilde et al. 

advocate the importance of our ‘sensory motor skills’.371 One example given is the OWL 

project, in which dancers imagine new technologies through their movements in relation 

to body-worn props.  Meanwhile, fashion and textiles theorist Claire Pajaczkowska reflects 

on our tactile relationship with the imagination,372 in which the act of physical making can 

activate subliminal tendencies in which ‘neural pathways of kinaesthetic memory serve as 

pathways for unconscious thought, fantasy and meaning.’373 

Speculative design can be thought of as adding a complementary dimension to an 

embodied approach. Wakkery et al. introduce the term ‘material speculation', which 

                                                
366 Schön 
367 Merleau-Ponty 
368 Polanyi and Sen, p. 4 
369 Winters, 2016 
370 Scott Klemmer, Björn Hartmann and Leila Takayama,‘How Bodies Matter’ in: Proceedings of the 6th 
ACM conference on Designing Interactive systems - DIS '06. (University Park, PA, USA, June 26 - 28, 2006) 
(New York: ACM, 2006)   
371 Danielle Wilde, Kristina Höök, Oscar Tomico, Andrés Lucero, and Jacob Buur, ‘Embodying Embodied 
Design Research Techniques’, Aarhus Series on Human Centered Computing, 1 (2015), 4–5  
372 Pajaczkowska, 2015 
373 Ibid.  
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‘…utilises physical design artifacts to generate possibilities to reason upon’ 374 How, 

therefore, can design, as a catalyst, influence the relationship between research and 

practice?  

In this chapter, the design process is presented to articulate a subjective and reflexive 

approach towards emerging technological developments. The prototypes are composed 

of programmable pneumatic and hydraulic channels. It is proposed that in devising this 

on-body system a design space is offered for the practitioner to imagine fluidic interaction 

through a material system – reflecting on flows, blurs and rhythms.  

 
7 .2  Speculat ive Mater ial it ies  

The designer Clemens Winkler has developed ‘MetaSolid', an ‘imaginary material’375 built 

on the concept of programmable phase-change properties. Oscillating at whim between 

hard and soft, the concept of MetaSolid suggests novel user interactions with material, 

such as ‘crumbling’ or ‘tickling’, as opposed to purely conventional interactions such as 

‘folding.’376 Using a similar example, Marco Rozendaal et al. question how, in the context 

of domestic products, human interaction could shift towards shape-changing materials.  

Passive materials are archetypically prompted to be active through human agency. Kinetic 

interaction qualities offer a lifelike character to passive materials. As these products 

become actants, our relationship to the product is altered.  Rozendaal et al. thus ask how 

we might consider ‘collaborating with these products, as opposed to using them.’ 377  

Building on the exploration of future flexible interfaces, the design process and 

experiments in this chapter aim to transform air and water into a form of wearable 

                                                
374 Ron Wakkary, William Odom, Sabrina Hauser, Garnet Hertz, and Henry Lin, ‘Material Speculation: 
Actual Artifacts for Critical Inquiry’, Aarhus Series on Human Centered Computing, 1 (2015), 12 
375 Clemens Winkler, Jürgen Steimle, and Pattie Maes, ‘MetaSolid: on flexibility and rigidity in future user 
interfaces’, in: Proceedings of CHI '13 Extended Abstracts on Human Factors in Computing Systems on - 
CHI EA '13, (Paris, France, April 27- May 2, 2013) (New York: ACM, 2013)  
376 Ibid.  
377 Rozendaal, Heidingsfelder, and Kupper, 2016 
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programmable matter. Can we imagine affective terms to express sensorial and affective 

material interactions such as seeping, oozing or soaking – a crying dress, for example? 378    

These descriptions can offer an enhanced mode of reflecting on, and about, a wearable 

interface, thus evoking new experiences, feelings and interactions. Arguing that rather 

than compartmentalising and engineering a wearable experience through pre-scripted 

procedures, we align with Phoebe Sengers et al. in using physical computing in order to 

design for the purposes of ‘open-ended engagement.’379  

How, therefore, can embodied making inspire new speculative materialities?  It can be 

strongly argued that reflecting with, and through, materials, as posed by Schön380 and 

Sennett381 stimulates a distinctive type of thinking – both felt and imagined. This very act 

of ‘making’ influences the imagination, thus stimulating a tactile and kinaesthetic 

imagination rather than one that is purely visual. Bachelard has argued for ‘images of 

matter..images that stem directly from matter. The eye assigns them names, but only the 

hand truly knows them.’ 382  

 
 

7 . 3  Elemental Mater ials 

Drawing insight from the rhythm of elemental matter, we can acknowledge that our 

experience of natural elements such as rain, sun, wind and fog is both sensual and 

multisensory. Bachelard conveys the unconscious attraction to water as being due to its 

‘viscosity’ and organic associations.383  Rhythm can be located in both the slower and 

deeper seasonal paces of the natural world and the corporeal pulse of our bodies.384 As 

John Dewey suggests in Art as Experience, ‘ day and night, rain and sunshine, are in their 

alternation factors that directly concern human beings.’385 

                                                
378 Bachelard sees water as an ‘embodiment of tears’: Bachelard, 1983, p. 11 
379 Phoebe Sengers, Kirsten Boehner, Michael Mateas, and Geri Gay, ‘The Disenchantment of Affect’, 
Personal and Ubiquitous Computing, 12 (2007), 347–58  
380 Schön 
381 Sennett 
382 Bachelard, 1983, p. 1 
383 Bachelard, 1983, p.105 
384 Internal rhythms (circadian) 
385 John Dewey, Art as Experience (New York, Berkley, 2005), p.153  
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Designers have experimented with these natural materials through performance 

landscapes.  Theatre designer David Shearing’s ‘The Weather Machine’ 386 devises an 

environment embedded with light breezes and sprinkling rain that aims to create ‘gentle, 

reflective immersive spaces’.387  Architecture practice, Diller Scofidio + Renfro’s Blur 

Building is formed entirely from mist, as a pure water vapour construction. The architects 

identify this transient arrangement as an atmosphere rather than a building.388 It is these 

precise atmospheric qualities which have the potential to evoke both a sensory and an 

emotional engagement. 

Liquids can create ‘blur' through becoming the gas. They can also create 

‘shimmers' through the way they move. (Journal entry: 11th March 2016) 

Organic materials have been employed within HCI interfaces to offer novel and sensory 

forms of interaction. Isaac Rudomin et al. expand on this notion of incorporating water and 

air as an interface, with reference to the interactive art installation Fluids, asserting that this 

type of ‘tactile reference expands the imagination of the user.’389 Further, as briefly 

touched upon in Chapter 3, Döring et al.’s Ephemeral User Interface (EUI) focuses on the 

inherent materiality of translating transient phenomena found in nature, such as ice, 

bubbles, water, fog, air, earth and fire, into a user interface. Elemental materials are 

presented as offering playful and haptic interactive qualities, offering a multi-sensory 

feedback of ‘interesting and diverse textures, liquids, fragile structures, temperature.’ 390 

(see Fig.7.1) 

 

 

                                                
386 ‘THE WEATHER MACHINE’ (2016)  <http://www.davidshearing.com/works/the-weather-machine/> 
[accessed 5 November 2016] 
387 Ibid.  
388 ‘BLUR BUILDING | diller scofidio + renfro’ (2017) <http://www.dsrny.com/projects/blur-building> 
[accessed 17 January 2017] 
389 Isaac Rudomin, Marissa Diaz, Benjamín Hernández, and Daniel Rivera, ‘Water, Temperature and 
Proximity Sensing for a Mixed Reality Art Installation’, in: Maybury M., Stock O., Wahlster W. (eds) 
Intelligent Technologies for Interactive Entertainment. INTETAIN 2005, (Lecture Notes in Computer 
Science Vol 3814) (Berlin, Heidelberg: Springer Berlin Heidelberg, 2005), 155–63  
390 Döring, Sylvester, and Schmidt, 2013 
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Fig. 7.1: Experimenting with liquid interplay, using no electronics:  PDMS block, red, cyan and black 
dyed water. Photos: Author (February 2016) 
 
 
 

7.4 Tactile Experiments 

To translate fluid and invisible phenomena such as water, air and sound into a visible, 

tactile wearable, early material experiments were devised which were built on soft robotic 

structures. Building on the research from Chapter 6, these soft elastomer channels and 

chambers (PneuNets)391 actuate in response to air pressure. The moulds are fabricated 

through a 3D printer, and then soft silicon (EcoFlex 00-30) is poured into the cast. Air is 

pumped through the chambers, directing the soft bodies to bend and twist. This air can 

be further controlled and programmed through a microcontroller and sensors.  

The designed elastomer structures were embedded with various colour and textural 

variations. The internal pattern of the chambers then creeps and squirms along, giving the 

suggestion of anthropomorphism. This led us to imagine a wearable prototype with 

crawling textures. From this it can be proposed that a material surface can seem to be 

crawling, creeping, sliding, slithering or even wriggling. (Fig. 7.2 and 7.3).  

 

 

 

                                                
391 Holland, Park, Polygerinos, Bennett, and Walsh, 2014 
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Fig. 7.2: Pneumatic Soft Robot Design Process. Tactile rhythm is discovered through pneumatics. 
Photos: Author. (see Video 7.2 with soundtrack) 
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Fig. 7.3: Silicone structures activated by steam. Built with an Arduino Uno, motor driver 3v air pumps 
and a humidity sensor (Adafruit HTU21D-F). Technical support: Paul May. Photos: Author (see video 
7.3 with soundtrack) 
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7.5 Prototype: Water Dress 

The Water Dress wearable is based on a similar principle of the soft elastomer channels 

and chambers derived from our tactile experiments. In this iteration, however, we have 

fabricated interconnected macro-fluidic channels, which are programmable and interact 

with the environment by sensing sound frequency. 

Developing soft-material-based fluidics enables a shift away from the traditional focus of 

microfluidics as solely a medical diagnostic application. ‘Unconventional’ microfluidics, as 

defined by Nawaz et al.392 locate microfluidics in new contexts, such as robotics and 

electronics, and assert that expanding this discipline will inspire creative approaches.  The 

following case study reflects on the development of our experiment.  

Design Development 

Microfluidics are traditionally fabricated in rigid materials. A soft fluidic layer was tested 

not only for potential tactile and wearable properties but also for perceptual values: as 

opposed to hard materials, soft materials, according to Elvin Karena and Paul Hekkert, 

possess a quality of ‘being alive.’393 This approach can be seen as a method to enhance 

expressivity, colours can be interchanged and various states of opacity and iridescence 

can be achieved.  By blending these pigments together, the designer can adopt the role 

of a painter, alchemist or cook rather than that of a programmer or engineer. 

The following design process is extracted from the analysis of personal experience, using 

a first-person methodology. It is based on a fabrication approach towards microfluidics 

introduced by Vittorio Saggiomo and Aldrik Velders.394  Firstly, the microfluidic channels 

                                                
392 Ahmad Ahsan Nawaz, Xiaole Mao, Zackary S Stratton, and Tony Jun Huang, ‘Unconventional 
Microfluidics: Expanding the Discipline’, Lab on a Chip, 13 (2013), 1457–63  
393 Paul Hekkert and Elvin Karana , 'Designing Material Experience', in Materials Experience: Fundamentals 
of Materials and Design, ed. by Elvin Karana, Owain Pedgley and Valentina Rognoli (Amsterdam : 
Butterworth-Heinemann, 2014), 3-11 (p. 9) 
394 Vittorio Saggiomo, and Aldrik H Velders, ‘Simple 3D Printed Scaffold-Removal Method for the 
Fabrication of Intricate Microfluidic Devices’, Advanced Science, 2 (2015), 1500125  
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are fabricated by 3D-printing Acrylonitrile Butadiene Styrene (ABS) channels as a scaffold.  

Next, the ABS channels are encapsulated within a single layer of Polydimethylsiloxane 

silicone (PDMS). Finally, the ABS scaffolds are dissolved in acetone for 48 hours to reveal 

hollow channels. This method offers scope for creative development, as no specialist 

laboratory facilities are required. It is also adaptable and quick to fabricate, specifically in 

comparison to other investigative approaches such as hot-stamping and laser-etching 

(see Fig. 7.4). In the following experiments, EcoFlex silicon replaced PDMS to offer extra 

elasticity. 3D printing and laser-cutting methods were used to fabricate the ABS scaffold. 

(see Fig.7.5, Fig, Fig.7.6, Fig.7.7) 

Using this approach, there are further possibilities to develop multi-level micro-fluidics. By 

stacking several layers, these synthetic flexible devices could, according to Hanlon et al., 

be engineered to ‘exhibit tunable optical properties’.395 Therefore, through a multi-

layered design we could control a variety of colours, iridescence and opacity.  

 

 

 

 

 

 

 

 

 

 
                                                
395 Kreit, Mathger, Hanlon, Dennis, Naik, Forsythe et al., 2012 
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Fig. 7.4: Fluidic Actuation Sketch. Outlining possible techniques for microfluidics – for 
example, laser-etched soft polymers and hot stamping after attending an exposition on 
Microfluidic technologies.396 Drawing: Author (October 2015) 

                                                
396 Micro Nano MEMS event, October 2015: a manufacturing exhibition involving companies offering 
services from laser micromachining and microinjection moulding to microfluidic parts. The event was 
followed up with a meeting with Dimitris Karnakis at Oxford Lasers. A new research area of interest 
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Acetone, a commonly used solvent for cleaning laboratory equipment, was used during 

this process. It would be better, however, to use a more ecologically acceptable product. 

Fig. 7.8 demonstrates a 3D-printed scaffold with PVA, a water-soluble dissolvable filament. 

As the scaffold was constructed from PVA rather than ABS, the acetone could be replaced 

by water. However, the PVA, on dissolving, fastened itself to the silicon, breaking through 

the membrane layer. Therefore, for the rest of the experiments it was necessary to use the 

ABS/acetone dissolve method.  In future experiments, a variety of approaches will be 

assessed. 

 

 

Fig 7.5: Three-dimensional microfluidic channels in silicon. Left: ABS coiled around a metal rod to 
set a shape, Centre: Uncoil the ABS and encapsulate in silicon. Right: Dissolve the ABS in acetone to 
reveal a hollow three-dimensional channel. (February 2016) Photos: Author 

                                                                                                                                     
concerned laser processing microfluidics features onto flexible materials. However, at the time of research 
this would have required further funding.   
 



 

 

Fig. 7.6: Test on silicon microfluidic sample. Sample constructed in a petri-dish (90mm diameter). 
Photos: Author (February 2016). (see video 7.6) 

 

 

 



	

	

0146 

 

Fig. 7.7: Fabricating a mould for the production of casting the microfluidic elastomer  (a) Laser-cut 
acrylic frames (195mm x 130mm, 1mm frame, 3mm base layer and 3mm top layer) (b) 1mm frame 
welded onto bonded base layer with plastic weld solvent  (c) Frame positioned on acrylic base layer 
and left to set for 5 minutes (d) 3D printed ABS scaffold placed inside acrylic frame (e) Equipment 
(Eco-flex 30, weights, scissors, sharp tool for opening mould) (f) Ecoflex 1A:1B measured equally by 
weight in a paper cup (g) Vacuum degassing eliminates bubbles (h) Liquid silicon mixture poured 
into acrylic mould. (i) Base layer holds scaffold in place and ensures final thickness of sample is 1mm 
thick (j) Sample is cured for four hours (k) Cured sample removed from mould and placed inside 
acetone bath for 48 hours (l) ABS dissolved and rinsed out of sample to reveal hollow channels (m) 
Electronic prototyping and reservoir (n) Silicon tubes feed yellow ink into microfluidic sample (o) 
Red ink travels through channels (p) Red ink travels through channels (June 2016) Technical 
support: Laurence Symonds (electronics) Mat Fowkes (casting) Photos: Author (see Video 7.7 with 
soundtrack) 
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Fig. 7.8: Left: 3D-printed PVA scaffold. Right: Encapsulated in silicon, dissolved in water. Sample 
constructed in a petri-dish (90mm diameter). Photo: Author (April 2016)



 

7.6 Sound 

In both Chapter 3 and Chapter 6, time-based media has been discussed as being 

analogous to programmable materials. The temporal and affective nature of sound, 

therefore, could be employed to heighten and control wearable, visual and tactile 

rhythms. 

Affective reactions to sound relate to both tempo and pitch. Stirring sounds, such as a 

heavy bass beat, can, according to Dennis Hsu et al., create a sense of ‘power’ for 

humans.397 Neuroscientist Daniel Levitin has analysed how the human brain perceives 

music. Defining tempo as ‘the pace of a piece of music',398 Levitin presents a metaphor 

related to the song and the body: if a song is a ‘breathing entity’ then tempo’s role is the 

‘pulse.’399 Further, tempo, according to Gabriela Husain et al., can be related to 

‘expressions of activity, excitement, surprise, and potency’.400    

Translating sounds into ‘tactile shapes’? Translating tempo for example into 

visual experiences? (Journal Entry: 23rd June 2016) 

The textures can ‘grow’ with the music  (Journal Entry: 24th January 2016) 

Could we, therefore, create a soft robotic microfluidic interface as a visually expressive 

tool, translating specific elements of tone or a bass beat into tactile shapes or liquid 

colours? 

A tempo-sensor required custom development, using a microphone with an amplifier and 

a low-pass filter, whilst an Arduino (Pro Micro - 5V/16MHz) detected the beats-per-minute 

rate (bpm).  A collaborative project with engineer Clive Hudson was undertaken to 

                                                
397 Dennis Hsu, Dennis Y, L Huang, Li Huang, L F Nordgren, Loran F Nordgren, and others, ‘The Music of 
Power’, Social Psychological and Personality Science, 6 (2015), 75–83 
398 Daniel Levitin, This is your Brain on Music (London: Atlanta Books, 2008) p. 58 
399 Ibid, p.59 
400 Gabriela Husain,, William Forde Thompson, and E Glenn Schellenberg, ‘Effects of Musical Tempo and 
Mode on Arousal, Mood, and Spatial Abilities’, Music Perception, 20 (2002), 151–71  
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assemble a ‘tempo’ sensor using a beat-detection algorithm, a slow tempo being 30 - 80 

bpm and a high tempo being 141-170 bpm.   

The hardware for the tempo-circuit, however, was cumbersome, having unnecessary 

components welded onto the PCB, such as voltage regulators and battery chargers. As a 

result, after some research on the chip, MaceTech’s‘audio-shades’ development board 

was discovered:401 this was built on the MSGEQ7 chip and an amplified microphone. (see 

Fig. 7.9) 

I had a lucky accident or tried some hacking of my own. After working out 

that the ‘audio-shades' sensor was essentially a miniaturised pre-amplified 

microphone and the ‘MSGEQ7' chip I played around with Hudson's code. The 

code worked on the audio-shades sensor. The code provided the raw data in 

the serial monitor of ‘sound energy'. I could re-develop the code for the 

pump application. (Journal Entry: 26th June 2016) 

Further, the audio-shades development board could be used to measure other acoustic 

possibilities, such as pitch detection. Using the board, sound is detected via a microphone, 

specifically a sound frequency sensor detecting bass, mid-range and treble levels. The 

MSGEQ7 chip splits the signal into seven frequency bands: 63Hz, 160Hz, 400Hz, 1kHz, 

2.5kHz, 6.25kHz and 16kHz. These bands offer a direct current representation of the 

amplitude of each band.402 The bass sounds are low frequency (63-140 Hz), and the treble 

constitutes tones of high frequency (1kHz-6.25Hz).  Software to power the development 

board was sourced and adapted from the Rheingold Heavy online tutorial.403  

 

 

 

 

 

                                                
401 ‘shades_audio_sensor [macetech documentation]’ (2017) 
<http://docs.macetech.com/doku.php/shades_audio_sensor> [accessed 14 February 2017]  
402 ‘Graphic Equalizer Display Filter - MSGEQ7 - COM-10468 - SparkFun Electronics’ 
(2017)<https://www.sparkfun.com/products/10468> [accessed 14 February 2017] 
403 ‘MSGEQ7 Arduino Tutorial 01: Getting Started’ (2016) <https://rheingoldheavy.com/msgeq7-arduino-
tutorial-01-getting-started/> [accessed 29 June 2016] 
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Fig.7.9: Sound-Sensor Hacking. Left: Tempo-sensor board (Clive Hudson) and minaturised version 
of the board- the audio-shades sensor. Right: Sensor readings, tempo triggers the ‘sound energy’ 
(e.g. 10.50 higher sound energy reading than 6.75).  This rate is proportional to the energy level of 
the music/sound source.  Hardware and code: Clive Hudson. Photos: Author  (June 2016) 
 

 

7.6 Technical Development 

To assemble the macro-fluidic material, channels were laser-cut in ABS and hand-

constructed together. The dress was cast in a laser-cut mould with a soft polymer Eco-flex 

(00-50), and the ABS channels were dissolved in acetone.  The prototype hardware is 

driven by a microcontroller (Arduino Nano), four controlled micro-pumps and a pump 

driver (mp6-QuadKEY Bartels).404 Liquids are pumped through the macro-fluidics using 

1.3mm Tygon tubing. For the wearable prototype experiment, we used blue dye: the 

liquid medium was pumped throughout the dress, saturating the channels and chambers. 

(see Fig.7.10).  

The making of the prototype began to address another interesting set of questions. Can 

we conceive a space of design-led scenarios for technological development? (see Fig. 

7.11). Using the concept of wearable macro-fluidics, new types of material interaction start 

                                                
404 ‘Bartels Mikrotechnik GmbH - Flow Controlled Micropump’, (2016) < Bartels-mikrotechnik.de 
<http://www.bartels-mikrotechnik.de/content/view/60/102/lang,english /> [accessed 28 January 2016] 
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to emerge. Stimuli-responsive hydrogels,405 for example, have the potential to be 

embedded into channels, resulting in shape-shifting adaptive surfaces and rendering the 

garment tunable in shape. 

This ‘material-system' could host hydrogels in its pockets/pattern? Then 

these hydrogels could expand in response to water? After expanding in 

response to water, these hydrogels would swell giving the impression of a 

texture-changing pattern? Could water flow in different direction of the 

hydrogels? E.g., one flush of water could give impact to pattern 1? The 

second flush to pattern 2? (Journal Entry: 25th June 2016) 

Hybrid recipes could extend to other types of pigment experiments, such as nano-flakes 

for iridescence, UV-sensitive photochromic pigment for chromatic change or hydrophobic 

sand for textural transformations.  

                                                
405 Jinlian Hu, Harper Meng, Guoqiang Li, and Samuel I Ibekwe, ‘A Review of Stimuli-Responsive Polymers 
for Smart Textile Applications’, Smart Materials and Structures, 21 (2012), 053001  
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Fig 7.10: Making Process of the Water Dress. (a) Digital print. (b) Toile (c) Mould (d) Laser cut ABS (e) 
Constructing ABS pattern by hand with glue (f) Eco-flex mixture (g) Casting the mould. (h) Curing for 
four hours. (i) Soaking in acetone (j) Dress construction (k) Electronics prototyping (l) Flushing 
coloured liquid through the dress. The Water Dress is programmed to detect high-pitched 
frequencies which subsequently trigger the coloured ink to flush through the macro-fluidic wearable. 
Photos: Author 
 
 
 



	
	

 
 

 

Fig 7.11: Left: Speculative Macro-Fluidic Dress CAD mock-up with pigmented crimson veins. Right: 
Microfluidic Vein Pattern Sample. Photo: Author 
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7.7 Evaluation 

In this chapter we have discussed the opportunities for wearable and imaginative material 

alchemy, presenting the Symphonic Materials case study. This is a design experiment 

which has explored the potential use of elemental materials such as water and air to open 

up design opportunities for wearables as expressive interactions. A full evaluation of our 

implementation remains as future work. The next phase of this project will be to develop a 

soft programmable material platform, using a multi-material 3D printer to fabricate soft 

material fluidic systems, testing novel material concoctions which can be programmed 

inside the elastomer chambers. 

This imaginative ‘play’ with materials can be seen as a re-enactment of various material 

experiences which have a sensory quality and have the ability to demonstrate a new level 

of expression.  

Within an R&D model of soft materials, there are benefits to an embodied and speculative 

approach. The material designer can be equipped and re-wired with an expanding 

material imagination ‘toolbox'.  Rather than calling themselves ‘digital hackers’, such 

designers could rebrand themselves as ‘material hackers’.  
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Chapter 8 : Discussion and Conclusion 

In conclusion, this chapter will address the question ‘Why Does Soft Matter?’ by identifying 

three original contributions to knowledge which support the underlying objective of this 

enquiry: that is, to establish and maintain the ongoing need to develop materials-led 

design thinking methods, and the value of this work in creating novel and hybrid 

processes for the development of soft robotics. 

Three original contributions to knowledge: 

A. An expansion of the current definition of textiles as a form of new materialism and 

the identification of the emerging role of the textile designer within 

programmable materials as a hacker, a bricoleur and an alchemist. 

B. Materials-led Human Computer Interaction (HCI): Novel interfaces and Soft 

Robotic Materials. 

C. A prototype box of ‘Invention Tools’ for textile designers; identification and 

creation of the role of embodied making in relation to the imagination. 

This study has been contextualised by foregrounding a retrospective account of the 

researcher’s personal experience, both within her theatre design practice and as a 

wearable technology designer.  

In Chapter 2, it was identified that within the cultural setting of consumer electronics,406 

the body has been objectified and compartmentalised into ‘bodily real estate’. This 

contextual reflection directed this research to challenge the norms of traditional 

engineering and HCI-led practices towards designing technology at the interface with the 

body: that is, to question current assumptions such as why data-driven hard methods – 

mechanised, quantitative and objective – have been employed to design for soft materials 

– human and subjective.  

Furthermore, during our early practice-based collaborations with technology partners, we 

acknowledged that our contribution was disembodied. Accordingly, this reflection 
                                                
406 As the current commercial environment for wearable technology practice is defined.   
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allowed us to challenge the role and purpose of the designer in wearable technology, 

programmable materials and soft robotics.  

The case studies of Chapters 4, 6 and 7 can be read as exemplifying ‘embodied material 

thinking’.  In light of these arguments, it is important to examine the implication of our 

process of ‘cross-pollination’: the transfer, gaining and fertilisation of knowledge across 

multiple contexts.  

• Transferring knowledge: From performance design to textiles.  

• Gaining knowledge:  Material sensibilities, physical computing skills and 

collaborative case studies with technologists.  

• Fertilising knowledge: Reverse-engineering technical processes and fertilising 

the textiles discipline with newly gained design knowledge. 



	
	

8.1 Original Contribution to Knowledge 

A.  An expansion of the current definition of textiles as a form of new materialism 

and the identification of emerging role of the textile designer within programmable 

materials as a hacker, a bricoleur and an alchemist. 

The definition and formal boundaries of the textiles practitioner are changing. As asserted 

above, the modern textile designer is redefining his/her role as a ‘material designer’.407  

Within this cultural shift, designers can be found integrating tools that are usually found in 

the context of product and design engineering, such as 3D printers, laser cutters, CNC 

machines and mechatronics technology, into their own practice. Further, designers are 

building composites in the resin studio, re-formulating dyes or even growing their own 

synthetic biomaterials. Through these hybrid processes, they are developing substrates 

infused with all kinds of technical properties for functional, aesthetic and experiential 

purposes. 

On this point, we identify three specific areas which articulate our contribution to 

knowledge, from the findings of this study: 

• Inventor Culture: In the context of the ‘material designer’ this study has identified 

the requirement for implementing a stronger ‘inventor culture’ to aid the 

development of this emerging new discipline. 

• Performance Thinking: The transition from the design of static to temporal and 

interactive mediums of material now necessitates an appropriation in design 

language from the temporal disciplines of film, performance and theatre, into 

textiles.  

• New Studio Practice: What will this new studio practice look like? We articulate 

the skill-set offered to the new discipline of  ‘Material Designer’ through three 

characters: A Hacker, a Bricoleur and an Alchemist.  

 

                                                
407 ‘Materials designer’ is the way in which many emerging textiles designers now refer to 
themselves. 
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Inventor Culture 

This research has identified the requirement for implementing a stronger ‘inventor culture’ 

for this emerging new discipline of ‘material design’; effectively, promoting values that can 

foster not only creative experimentation but also the awareness of the commercial impact 

in protecting these new material innovations. 

As argued in Chapter 3, to exploit commercial success, a textile designer would need to 

perform an ‘active role’ within technology development in order to prevent their 

capabilities being limited to being a mere publicity platform for technology inventions. 

Further, it is necessary for these designers to be aware of the potential of the intellectual 

property they may generate. Thus, this study calls for a systematic framework of protection 

to be implemented which can formally support these material/technology collaborations. 

Specific contractual examples could include mutual non-disclosure agreements and 

collaborative agreements when approaching third party scientific institutions. Other 

models which could contribute to an ‘inventor culture’ may perhaps incorporate, 

entrepreneurial pitches and display stands at technology expositions. As a result, a new 

formalised, competitive and commercial context would be recognised for their outputs.  

This thesis has identified that current Intellectual Property systems obstruct the value of 

tacit knowledge, a form of unarticulated knowledge408 possessed by the textile designer. 

Thus, commercial advancements within the field for material designers continue to remain 

limited.  

Yet, if textile designers are able to engage and experiment with building, for instance, 

computational advances directly through material, this will allow the same designer to 

express his/her innovation through tacit knowledge; specifically, in regards to imparting 

their tactile and visual knowledge of material characteristics.   

 

 

                                                
408 Polanyi and Sen 
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Performance Thinking 

Within this discussion, it is useful to acknowledge our specific positioning in the context of 

this research study. As a trained theatre designer, the researcher found that working 

within the context of wearable technology, yet being situated in the textiles department, 

offered both opportunities and drawbacks. While a location that encompasses textiles, 

theatre design and bioengineering is not a space where the researcher can fit neatly into 

established textiles practice, this particular transitional space can, however, allow the 

same researcher to operate unencumbered by the more entrenched methods of 

traditional textile design practice.  

The translation of tacit performance knowledge, and the scaffolds of theatre and film into 

interactive soft systems to create an embedded performativity is, therefore, one of our 

distinct original contributions to knowledge. As examined through our model of the ‘time-

based bricolage’ (Fig. 3.4, 3.5, 3.6, 3.9) method in Chapter 3, textiles with interactive 

properties are now articulated through temporal mediums which entail other facets of 

thinking such as sequence, time-frames and rhythm. The insights produced by the analysis 

of our autoethnographic data can be understood through one of our emboldened 

reflections, in Chapter 6 where we question if the process of designing a composite textile 

could be similar to filmmaking.  

New Studio Practice 

How can we imagine this new ‘hybrid’ studio practice and what can this offer commercial 

Research & Development?  

Here we can break down this skill-set into three characters, which a ‘material designer' can 

potentially identify with - that of a hacker, a bricoleur and an alchemist. These three 

characters all share the same assets of being guided by their senses rather than relying on 

scientific verification, an ability to communicate to a wider audience through these 

sensory translations and a proficiency to amalgamate and design with multiple material 

properties, both active and passive. To our last point, we make a parallel with 

anthropologist Tim Ingold’s analogy of working with materials as a form of ‘cooking’; 
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blending substances through ‘an endless process of transformation’.409 By establishing an 

intimate and procreative relationship with material directly, the designer thus follows the 

flow and feeling of the numerous materials they are working with intuitively rather than 

starting with a pre-defined mental artefact and breaking down the process into objectified 

components.  

Within the context of this study, the commonality between disparate tactile practitioners is 

notable; as Tim Ingold states: 

As practitioners, the builder, the gardener, the cook, the alchemist and the painter 

are not so much imposing form on matter as bringing together diverse materials 

and combining or redirecting their flow in the anticipation of what might 

emerge.410 

Thus, the textile designer's multi-faceted skill-set shares a common understanding with 

the painter and alchemist, a type of creative invention process undertaken through an 

embodied mixture of ‘substances’. This is much like the patented International Klein Blue, 

the powerful blue hue invented by painter Yves Klein through experimentation with a 

polymer binder.411 

A Hacker  

A Material Hacker as analysed in Chapter 4, can manifest in the design process both on a 

practice and systemic level. Firstly, the skill of the Hacker within this context lies in the 

construction of new material systems through a re-interpretation of tools and processes. 

The Hacker, as an illustration, could adapt a standard hardware component for an 

alternative purpose412 or hack an open source commercial 3D printer to enable the 

fabrication of specific mixtures of multi-matter materials. Alternatively, they may perhaps 

subvert and tinker with the traditional machines they tacitly understand and employ within 

                                                
409 Tim Ingold, ‘The textility of making’, Cambridge Journal of Economics, 34 (2010), 91–102 
410 Ibid. 
411 Yves Klein collaborated with chemical manufacturer Rhône-Poulenc to source a particular 
polymer binder, a ‘carrier’ which could hold the intensity of an unstable ultramarine pigment.  
412 See the author’s first-hand experience -  the ‘hackable’ hardware experiment of the tempo sensor 
in section 7.6 
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their own practice (knit, weave, print and embroidery) to generate explorative material 

possibilities. Thereby, enabling newfound commercial markets which we can assert, 

would not materialise through employing a traditional user-led design process.   

Secondly, in a systemic sense when ‘Material Hackers’ start to build their own systems, this 

very act of making challenges traditional structures and as Yelavich and Adams argue, ‘re-

circuits chains of command’.413 For example, against the background of this research, the 

role of collaboration in R&D commodities414 can start to adapt to allow a material designer 

to work on a collaborative soft technology development from its initial inception rather 

than later on during the product development cycle.  

An Alchemist 

The skills of the Alchemist are particularly matched to the development of biosynthetic 

materials, stimuli-responsive ink, dyes, pigments and surface phenomena, and by brewing 

up concoctions by deploying processes such as fermentation, filtration, sublimation and 

calcination. An Alchemist may be theatrical in nature, utilising a type of spontaneous craft, 

inventing new recipes and discovering fresh substances. Alchemists, alongside their 

knowledge of, for example, printed textiles, painting or printmaking, might collaborate 

with colour chemistry departments, or synthetic biologists, thus incorporating their own 

tacit knowledge of pigments, dyes and additives to a variety of experimental substrates. 

A Bricoleur 

A key player in ‘accidental innovation’, a Bricoleur improvises a material innovation 

through transforming pre-existing developments and ‘leftover’ components into new 

systems. Interpreted through Levi-Strauss’s concept of Bricolage,415 the Bricoleur’s skill-set 

appropriates technological mediums in a hands-on manner within an iterative cycle of 

making. The material designer draws on their personal inventory of skills and ‘know-how’ 

developed through knitting, printing, weaving or mixed-media. 

                                                
413 Yelavich and Adams, p. 50 
414 The development and commercialisations of patents for example.  
415 Lévi-Strauss, p. 11 
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B. Material-led Human Computer Interaction (HCI): Novel Interfaces and Soft 

Robotic Materials  

Materials designers, as trained sensory specialists, not only use their visual sense but also 

develop their tacit knowledge using touch, sound, smell, space and weight. The sensory 

and visceral aspects of the designer’s immersion with their environment and the 

subjective relationship with materials can offer a unique contribution to the development 

of novel computational interfaces.   

The review of the computational literature, as discussed in Chapter 4, has highlighted an 

emerging material turn within HCI. We argue that it is within this design space that a 

phenomenological approach towards the development of a soft machine can offer a 

unique contribution to knowledge by developing tangible user interfaces which employ 

physical surfaces and translate sensuous, visceral and enchanting experiences. Here, 

material designers can use their unique proficiencies in the advances of physically 

interactive interfaces such as the Tangible User Interfaces (TUI) and Ephemeral User 

Interfaces (EUI).416 

To justify our position, examples can be examined through the practice-based case-

studies, these being how we develop physically interactive soft surfaces. In chapter 6, we 

have illustrated how an affective relationship with material can enrich the design process 

in HCI. This can be synthesised through integrating tactile and visual mood-boards into 

the design process of material-development, exploring the qualities of interactive surfaces 

through colour, texture and pattern which in turn can offer new ways of communicating 

through material. This sensitivity towards the development of materials can be translated 

as taking inspiration from multiple source points embedded with historical and cultural 

references. Further, through framing the design of the soft machine within the ‘visceral’ 

layer of emotional design, we draw on Laurel’s argument that employing theatrical 

concepts in the development of new interfaces can result in both ‘familiar’ and 

‘evocative’417 outcomes.  

                                                
416 Döring, Sylvester, and Schmidt, 2013 
417 Laurel, 1993, p. 21 
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Playful experiments with dynamic matter such as water-responsive hydrogels in Chapter 3, 

offer a direct engagement with material which instigated as Schön posits a 

‘conversation’418 with the material, allowing us to imagine novel interaction possibilities.  

In our final project in Chapter 7, we transferred medical diagnostic applications such as 

microfluidics into the new experimental contexts of textiles and wearable technology. This 

creative interpretation of technology allows the exploration of a very different design 

aesthetic, an ambiguous material at the confluence of the material and immaterial. Thus 

we can assert that soft, design-led microfluidics are a unique contribution to knowledge 

and have the potential to be advanced into a programmable material in their own right, 

exhibiting colour and shape-shifting properties. 

We can, therefore, assert that a lexicon of fresh user interactions can be expanded 

through a direct interrogation of materiality. New types of textural interactions, which are 

already part of a rich textile design language, now have the opportunity to be translated 

into interactive physical forms. For example, tangible material finishes such as a time-worn 

patina, blistering paint or decaying rust could transmute into new types of interactions. 

Further, emotive interactions such as weeping or tantrums could be expressed through 

these liquid materialities. An example of this has been outlined in the proposed hydraulic 

system discussed in Chapter 9, (Fig.9.2) 

 

 

 

 

 

                                                
418 Schön, p. 78 
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C. Prototype box of ‘Invention Tools’ for textile designers: identification of the role 

of embodied making and the imagination.  

 
Fig. 8.1: Framework Diagram: Methods of Invention. Embodied Imagination, Ephemeral Matter, 

Bricolage Practice and Soft Robotic Material.  

 

‘Soft’ thinking methods can enable a new generation of textile designers: the role of 

embodied making and the imagination. As demonstrated in Chapter 7, by positioning the 

modern textile designer (the materials designer) in a new role of ‘active influence’419 

within an R&D model for soft materials, designers can be equipped and ‘re-wired' with an 

expanding ‘toolbox' of material imagination. This re-wiring has the potential to be a two-

                                                
419 Toomey and Kapsali, 2014 
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way process whereby engineers can benefit further from working with these newly 

equipped designers who share their technical fluency. 

As suggested through our review of soft robotics in Chapter 5, we can assert that each 

textiles specialism is in possession of a unique set of tools and tacit knowledge, attuned to 

the properties of fibres, yarn and finishes. This fundamental understanding of the creative 

and technical aspects of production can be re-framed for new soft robotic developments. 

This is what can be described as ‘materials hacking' – disassemble a technical 

development and re-construct it through an embodied designerly lens.  

Our specific contribution lies in the methodological contribution, which gives rise to a 

paradigm shift in how textile designers can practice in this field.  Concerning this, we 

propose methods of investigation originating in the disciplines of design engineering and 

the unexpected relationship between methods found in the time-arts. Together, these are 

applied to the discipline of textiles design.  

Soft Programmable Material Toolbox  

The Soft Programmable Material Toolbox marks the start of a framework for designers to 

understand how their tacit knowledge can be incorporated into the context of Research 

and Development. These steps can be considered to be the identification of tools for 

Material designers to approach the design of soft materials through embodied making for 

multi-disciplinary areas. Finally, enabling undiscovered abilities, within the material 

designer and as a process of knowledge transfer.  

As stated throughout this study, we are interested in understanding the concrete, felt and 

interpretative experience of a creative researcher who is working within such a domain, 

traditionally led by scientific expertise. Therefore, from the findings of this study, we have 

distilled the tools into the following four stages: Experiential Understanding, 

De/Construction, Re/Construction and Definition.  
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Experiential Understanding: Learning through experience 

The language of a soft material development needs to be in some way familiar at a 

subconscious and tacit level to the designer. Firstly, understanding the medium of 

technology through the process of learning through experience and reflection can grant a 

more formal understanding of decoding technical papers. As articulated in Chapter 4, our 

objective is to understand and reshape a designer’s notions of a computer through a 

material lens. Thus, a technical fluency through, for example, physical computing – a 

comprehension behind the mechanisms such as sensors and actuators and programming 

can support framing the tools of technology within a material design context.  

At this stage, moodboards and sketchbooks offer a fluid approach to start devising 

material concepts, employing a subjective design process of contextual and first-hand 

references – an observation of direct experience which keeps the designer embodied; 

thereby enhancing a phenomenological approach to the development of technology. 

Additionally, time-based bricolage methods can also assist at this stage as a form of visual 

and tactile prototyping. These can materialise as colour palettes, textures, storyboards 

and short films to capture intended interactions and narratives.  

De/Construction: Reverse-Engineering 

The next step is characterised by a close analysis and deconstruction of a soft material 

development. This approach of reverse-engineering420 considers analytically the 

procedures of how a ‘technology case-study’ is assembled, initially working backwards to 

discover how the underlying technology is constructed.    

To demonstrate this, in Chapter 7 we followed a fabrication process towards devising a 

microfluidic system by Saggiomo and Velders.421 We chose this particular approach 

because it could be built relatively cheaply and without laboratory facilities.  Once the 

basic recipe is understood in an accessible language, the ingredients can be exchanged. 

                                                
420 Within product design development cycles reverse-engineering is widely regarded as an 
important technique.  
421 Saggiomo, and Velders, 2015 
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In the case study of Material Fluidics, for example, PDMS silicon is substituted for Ecoflex 

to create a pliable microfluidic material.  

Re/Construction: Embodied Making 

The next stage following the technical analysis is the designer’s interpretation of that 

innovation, which is the manifestation of ‘embodied material thinking,’ a direct, personal 

and visceral experience with material during hands-on experiments underpinned by a 

synthesis of technological knowledge.  

Once the designer holds an elementary understanding of how their chosen ‘material 

system’ could be constructed, they are in a position to adapt their recipe working directly 

through the material, immersing concepts from the moodboard into their practice. The 

basic recipe can be re-interpreted with the addition and substitution of ingredients from a 

bank of tacit knowledge. These may include numerous subjective translations of the 

recipe for either applicative or speculative interpretations.  

Definition: Explicitly outline the new outcome 

The final stage is to outline the newfound outcome into an explicit and reproducible 

format. Once this tacit knowledge is documented through reflective practice, the recipe 

can be re-written using exact specifications. Therefore, this can be recognised as a form of 

codified knowledge and can also be applied in the stage of ‘Knowledge Brokering’.422  

8.2 Limitations 

Researcher’s bias 

As described in Chapter 3, our practice-based research has been conducted using the 

first-person methodology.  Through a phenomenological approach, we have connected 

the human body to a living part of the design process, employing reflective practice and 

autoethnography as methods to collect data. An important part of this methodology 

entails the first-person voice. Further, we have argued that this subjective knowledge, 

                                                
422 Hargadon, 2002  
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which emerges throughout this research process, is a form of tacit knowledge, which 

could not have been fully pursued through traditional scientific enquiry.  

However, this particular approach does have limitations, given that theatre or textile 

designers all intersubjectively share, and subjectively own, their respective unique, varied 

and designerly processes.  What can be argued, however, is that the unique contribution 

to knowledge emerging from this specific study can be tested and built upon through 

ethnographic workshops, employing an ‘instructional account’.423 In particular, it would be 

of interest to trial a cross-disciplinary workshop involving participants from both academic 

and commercial R&D contexts.   

Technical Limitations 

The technical limitations of this study have included a reliance on conventional, rigid 

electronics. Addressing these limitations, future development could consider employing 

soft printed conductive circuits with a flexible battery, which would result in a soft 

autonomous system more suitable for wearable applications. (see Chapter 9).  

 

                                                
423 See Chapter 3 (3.6) 
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Fig. 8.2: Current electronic circuit set-up: Left: Arduino Nano, driver and micro-

pump-system. Right: Micro-controller (tiny lily) and Bendable battery 

(Powerstream, 3.7V – 300 mAh424) 

The development of a single layer of soft, stretchy microfluidic textile has been 

demonstrated in Chapter 7. However, the full development of this research is far from 

complete. We briefly outline here the way in which a multi-layer microfluidic textile could 

be further developed:  

• Multi-layered stretchable microfluidic fabric. The thinnest layer cast was 1mm: 

casting 0.2mm membranes could achieve more complex outputs. 

• Fabrication of soft elastomer reservoirs. 

• Fabrication of layers in a clear elastomer, which can attach to the textiles substrate. 

A translucent stretchable silicon (MM228 for textiles) from ACC Silicones has been 

identified for sampling.  

For future work, we would also seek to use more ecologically acceptable processes for 

the technical materials employed: for example, biodegradable biopolymers and 

graphene ink could replace silver printed conductive circuits.425 

8.3 Conclusion 

We have identified, through this study, barriers textile designers face entering the 

technology innovation process at an early stage. This can be illustrated through limited 

design career opportunities, lack of technical know-how, emerging design-thinking 

frameworks, the absence of IP protection for their methods and often user-led design 

methods being the default setting in commercial R&D.  

We believe that the embodied design thinking methods presented could be useful within 

both an educational and a commercial workshop environment. Further, we hope to 

provide a method by which designers can acknowledge their intellectual property. 
                                                
424 This is not powerful enough to power a wearable system, only a sample.  
425 Graphene company Haydale, for example, in correspondence with David Gibbs, who are in the 
process of commercialising functional graphene ink and running a scaled-up ink manufacture as a 
pilot line.  
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Designers who adopt processes such as reverse engineering and who acquire physical 

computing skills will be able to progress their innovations. The outcomes are, therefore, 

not just purely academic: we hope that textiles designers will join start-ups, lead start-ups, 

and work with and for clothing and technology companies – and, of course, in academia. 

Finally, we would hope to develop the start of the framework outlined in this study, testing 

out the findings of explorative, rather than user-led design and material-led interfaces 

through a pilot study; devising workshops between textile designers and industry.426   

This cultural shift in textile design will provide research value to the industry. Hybrid soft-

tech designers, or materials hackers, will be enabled to embark on careers within 

sportswear and technology firms, or to create start-ups, using the Silicon Valley427 Method, 

and will be well suited to opening up new paths in R&D and, as discussed in Chapter 3, to 

develop patents and license their inventions. This, in turn, will develop a symbiotic 

relationship with the academic community, which will also develop their own framework 

of stakeholders and commercial case studies. Together, we argue, that this will 

substantiate materials design by virtue of its distinctive and valuable design methodology.  

                                                
426 For example, projects in the context of corporate organisations such as Adidas, Estée Lauder, 
Google X, Tata and Disney.  
427 See Chapter 3 (3.3) 



	
	

Chapter 9 : Future research 

 

As a post-conclusion, we can now devise a potential outline for the next stage of this 

research, which has been about attuning the designer to an understanding of the 

technical processes.  

9.1 Hydraulic system 

Here we explore a potential development for the interactive soft composite discussed in 

Chapter 6 (Fig. 9.1). This specifically evolves the hydraulic system through the concept of 

elemental rhythms and soft microfluidics discussed in Chapter 7.  Dewey cites the 

examples of ‘a pond moving ripples,’428 ‘forked lightning’429 and ‘branches in the wind’430 

as natural rhythms, explained as cases of ‘energies resisting each other.’431 (see examples 

of film-making in Chapter 3). It is this interplay of temporal energies which has the 

potential to be developed through a hydraulic system. (see Fig. 9.1 and 9.2)  

Further, Bachelard’s phenomenological understanding of water as a carrier of substances 

is key to an understanding of how our hydraulic system might operate.   

It assimilates so many substances, draws so many essences to itself! It receives 

contrary matters, sugar and salt, with equal facility. It becomes permeated with all 

colours, all tastes, and all odours.432  

This saturation and diffusion of liquid to which Bachelard alludes could be integrated into 

a soft system, prompting rich and multi-sensory engagement.  

 

                                                
428 Dewey, p. 159 
429 Ibid.  
430 Ibid.  
431 Ibid.  
432 Bachelard, 1983, p. 94 
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Fig. 9.1: Hydraulic System (updated from Chapter 6). Coloured Fluidic layer comprises of coloured 
dye. Active Texture layer comprises of water-responsive hydrogels embedded inside the 
microfluidic channels. As water is flushed through the channels, this triggers the hydrogels to swell. 
Both the coloured-fluidic layer and active texture layer can be controlled via a microcontroller and 
sensors. Diagram: Author (March 2017)



	
	

Fig 9.2: Table: Hydraulic System – Potential novel interactions. Table: Author (March 2017) 

Optical/Tactile Process Novel Interactions 

 

Colour Change 

 

Coloured Dyes 

Optical Feedback 

Bleeding, Melting, 

Dissolving, Splashing, 

Bursting, Exploding, 

Corroding, Mutating 

 

Texture Change 

 

Water-responsive Hydrogel embedded 

channels. (Water triggers hydrogels to 

change shape). 

Tactile Feedback 

Cracking, Melting, 

Freezing, Moistening, 

Shivering, Fracturing, 

Crackling, Breathing, 

Blistering, Fluttering, 

Quivering, Wrinkling, 

Freezing, Crystalizing, 

Stiffening, Thickening 

Iridescence Iridescence/Opalescent inks/Optically 

variant ink/Mirrored inks/Phosphorus 

Optical Feedback 

Shimmering, Blending, 

Diffracting, Flashing, 

Blinking, Reflecting, 

Dimming, Misting 

Transparency/Opacity Miscible/Immiscible fluids (e.g. oil/water) 

 

Optical Feedback 

Fading, Blurring,  

Softening, Darkening, 

Contrasting 

Stimuli-responsive Photochromic/Piezochromic/Thermochromic Optical Feedback 

Fading, Blooming 
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Fig. 9.3: New types of interaction – ‘Bleeding’. (Red ink) 

 
 

Layer 1 ‘Active Texture’:  Shape-shifting/tactile surface 

MIT researchers Guanyun Wang et al. have introduced the xPrint system,433 a liquid 

depositing modelling printing system, devised using off-the-shelf hardware components 

and specialising in ‘printing smart, particularly active materials.’434  This toolkit is 

presented as a system for HCI researchers to print soft/smart materials into, for example, 

novel shape-changing interfaces.  

Alternatively, as illustrated in the diagram in Fig. 9.1, we could embed the microfluidic 

channels with water-responsive hydrogels. These, in turn, could be actuated with 

programmable water. Similarly, the microfluidic channels system could be programmed 

for wearable experience by manipulating the viscosity of the liquids.435 For example, 

                                                
433 Guanyun Wang, Lining Yao, Wen Wang, Jifei Ou, Chin-Yi Cheng, and Hiroshi Ishii. ‘xPrint’, in: 2016 CHI 
Conference (Santa Clara, California, USA, May 7 - 12, 2016) (New York: ACM, 2016) 
434 Ibid.  
435 Within a wearable prototype, for example, resistance of the fluids could translate to the bass levels or 
the tempo. If we take the example of our sound-sensor (Chapter 7) could we create an affective 
experience using programmed viscosity within a hydraulic system? Where the wearer could ‘feel' the bass 
through the weight of the liquid? This system might also use other modalities such as hot or cold liquids to 
amplify the sensations felt in response to the music. 
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University of Lapland researchers Jonna Häkkilä and Ashley Colley436  have suggested that 

viscosity could manipulate how a liquid ‘feels’, and could  ‘create friction or slowness in 

the interaction, and to provoke associations of difficulty or resistance.’437   

Varying levels of viscosity could be programmed into a hydraulic system, using both water 

and Polyox, for instance.438 

Layer 2: ‘Chameleonic’: Colour Blending, Transparency and Opacity 

The microfluidic experiments in this study were driven by the Bartels QuadKey evaluation 

board (Fig.8.1), comprising a microcontroller and pump driver, which operates up to four 

micropumps simultaneously. The pumps were small and unobtrusive, but drawbacks 

included a slow flow and a subdued but distinctly recognisable sound. Alternative 

approaches were researched during this study. In particular, technology development 

company The Technology Partnership (TTP), at their Cambridge research laboratory, has 

developed a technically advanced piezoelectric disc pump439 that has the advantages of 

being powerful, silent and unobtrusive.440 This piezoelectric actuator deploys ultrasonic 

pressure generation technology. At the time of research, working with TTP441 would have 

proved prohibitive in terms of cost, but the company has offered to test out their 

technology alongside samples and garments created during this study for potential joint 

funding opportunities. As of February 2017, TTP has now formed Ventus,442 a spin-off 

company specialising in the commercialisation of the disc pumps. 

 

                                                
436 Jonna Häkkilä and Ashley Colley, ‘Towards a Design Space for Liquid User Interfaces’, in: Proceedings 
of the 9th Nordic Conference on Human-Computer Interaction - NordiCHI '16. (Gothenburg, Sweden, 
October 23-27 2016) (New York: ACM, 2016) 
437 Ibid. 
438 Polyox (polyethylene oxide), an off-the-shelf water thickener, for example, is soluble in water and 
behaves like an elastic liquid. Found in hand-lotion, toothpaste, shampoo, it has a much higher viscosity 
than water. 
439 Usually used for medical applications such as blood pressure measurement. 
440 The disc-pumps are 4mm in thickness, and silent operation is achieved by running the pump at 
frequencies above the limits of hearing, using special custom-made high-speed valves to rectify pressure 
oscillations.  
441  Correspondence with James McCrone, TTP (October 2015) 
442 ‘TTP Ventus formed to commercialise micropump technology | TTP Ventus’ (2017) 
<http://www.ttpventus.com/about-us/news-events/ttp-ventus-formed-to-commercialise-micropump-
technology> [accessed 15 March 2017] 
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Layer 3 ‘Soft electronics’: Soft, printable circuits 

Taking the technical limitations of Chapter 8 into account, soft, stretchable electronics 

have been identified by robotics researcher Daniela Rus et al. as the next stage in the 

growth of soft robotics and material machines.443 Although commercial conductive inks 

can be printed as conductive tracks (e.g. DuPont 250, Creative Materials), these traces can 

be become cracked and stretched. One promising area of investigation is the printing of 

silver inks at a fibre level, illustrated by a brief collaborative test on printed traces with 

flexible materials such as neoprene at the UK National Physical Laboratory.444 This process 

coats individual fabric fibres, the resulting fabric being flexible and stretchable.  

Layer 4: ‘Flexible Battery’: Printable/fibre-based batteries  

The flexible battery layer is a challenging component of the composite but is required to 

make a programmable material autonomous. An ideal specification constitutes a Nominal 

Voltage: 3.75, Nominal Capacity (mAh): 1220-1230 based on a dimension of 66 x 113mm 

with a thickness of 1.8-1.9mm. However, the off-the-shelf flexible batteries that are 

available are not powerful enough. Flexible batteries that are available include Blue Spark 

Batteries,445 Prologium,446 Jenax447 and the Panasonic flexible battery (3.8 volt flexible 

lithium-ion 0.55mm thick. Low capacity 17.5, 40 and 60 mAh).448  

Within the research field, Pauline Van Dongen and the Holst Centre in Eindhoven have 

produced wearable solar panels.449 These generate power from 120 thin-film solar cells 

laminated to the fabric, producing 1w of electricity through bright sunlight. However, 

restrictions include a clunky feel and appearance. Finally, a fibre-led approach has been 

                                                
443 Daniela Rus, and Michael T Tolley, ‘Design, Fabrication and Control of Soft Robots’, Nature, 521 (2015), 
467–75  
444  Meetings, correspondence and initial tests were conducted with NPL during 2015-2016.    
445 ‘Thin Film Batteries | Blue Spark Technologies’ (2017) < http://www.bluesparktechnologies.com > 
[accessed 21 February 2017] 
446 ‘ProLogium Corporation 輝能科技股份有限公’(2017) <http://www.prologium.com.tw> [accessed 21 
February 2017] 
447 ‘Jenax - Flexible Battery’ (2017) <http://jenaxinc.com> [accessed 21 February 2017] 
448 ‘Panasonic Develops Bendable, Twistable, Flexible Lithium-ion Battery | Headquarters News | 
Panasonic Newsroom Global’, Panasonic, 29 September 2016 
<http://news.panasonic.com/global/press/data/2016/09/en160929-8/en160929-8.html> [accessed 24 
February 2017]  
449 ‘WEARABLE SOLAR’ (2017) <http://wearablesolar.nl> [accessed 24 February 2017] 
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offered by the recent European Union Seventh Framework Programme’s Powerweave 

project. A form of textile power generation and storage, such as Brunel’s supercapacitor 

fibres,450 has the potential to be embedded within elastomers for a flexible energy 

storage.  

  

                                                
450 Zhang, Ruirong, Yanmeng Xu, David Harrison, John Fyson, Darren Southee, and Anan Tanwilaisiri, 
‘Fabrication and Characterization of Smart Fabric Using Energy Storage Fibres’, Systems Science & Control 
Engineering, 3 (2015), 391–96  
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Appendices 

Appendix A : Conferences, Press, Papers 

Conferences  
 
November 2013: UK Plastic Electronics Show, Advanced Engineering, Birmingham, UK 
(exhibitor) 
January 2014: International Consumer Electronics Show, Las Vegas, USA (exhibitor and 
facilitator, Living in Digital Times) 
March 2014: ‘Accelerating Smart Textiles Innovation through Standardisation’, SustaSmart, 
EU FP7 project, Brussels, Beligium (panel speaker) 
May 2014: Augmented Reality Show (AWE), Santa Clara, USA (exhibitor) 
October 2014: ‘Wearable technology trends and opportunities for the British fashion 
industry’, Lasse Wassermann, Senior Programme Manager, Google X , Simon Bennett, 
Partner, Fox Williams, Mariel Brown, Associate Director and Head of Trends, 
SeymourPowell Westminister Media Forum, London, UK (panel speaker) 
November 2014: ‘Smart Textiles and Fabrics’, Welsh College of Printing & Coating, 
Swansea, Wales (speaker) 
January 2015: International Consumer Electronics Show Las Vegas, USA (exhibitor and 
facilitator, Living in Digital Times) 
September 2015: ‘Fashion Research Network Early Career Panel’, Global Dialogues: 
Digital Fashion Marketing, Coventry University, London, UK (panel speaker) 
July 2016: ‘Design, User Experience, and Usability’, HCI International 2016, Toronto, 
Canada (paper presentation) 
November 2016: ‘Research Alive NYC’, FIT Symposium, New York City, USA  (panel 
speaker) 
November 2016: ‘Hacking Arts’ MIT, Boston, USA (panel speaker)  
 
Symposia, Workshops and Exhibitions 
 
January 2014: RCA Work-in-progress show (exhibitor and organiser) 
February 2014: Cetemmsa Industrial Design workshop, Barcelona (panel speaker and 
judge)  
October 2014: RCA Fashion & Textiles ‘Soft’ workshop and seminar presentation. 
(speaker) 
January 2015: Work-in-Progress show RCA (exhibitor) 
June 2015: RCA ‘Electronics Textiles’ workshop  (co-facilitator/ Laurence Symonds) 
July 2015: Physical Computing workshop, Middlesex University, London (participant) 
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October 2015: RCA X MIT ‘Inflating Curiosity’ workshop (participant) 
November 2015: RCA Lithography workshop (participant) 
April 2016: RCA Textiles MA presentation ‘Post-Digital Synthetics’ (speaker) 
January 2016: Work-in-Progress show RCA (exhibitor and organiser) 
September 2016: ‘VentureFest Wales’, Swansea (exhibitor) 
October 2016: RCA ‘Research Alive’ Symposium (co-convenor/Eve Lin) 
 
Workplace visits, meetings and correspondence with experts 
 
September-December 2013: Meetings with Bristol SoftLab (BRL) Laboratory (Bristol, 
UK) 
November 2013: Meeting with SensingTex (Barcelona, Spain) 
April 2014: Meeting with Nottingham Trent e-textiles department. (Nottingham, UK) 
March 2015: Meeting with Welsh College of Printing and Coating 3D Printing  
department. (Swansea, UK) 
October 2015: Correspondance with TTP (Cambridge, UK) 
February 2016: Meeting with National Physical Laboratory (Teddington, UK) 
November 2016: Meeting with wearable technology start-up ‘Tacit Motion’ (Boston, USA) 
November 2016: Correspondance with Soft Active Materials Lab MIT (Boston, USA) 
 
 
Publications 
 
Amy Winters, ‘Building a soft machine: new modes of expressive surfaces’, in: 
International Conference of Design, User Experience, and Usability: Technological 
Contexts (DUXU 16), (Lecture Notes in Computer Science, Vol. 9748) (New York: 
Springer, 2016), 401-413 
 
Jonathan Rossiter, Andrew Conn, Antonio Cerruto, Amy Winters, and Calum Roke, 
‘Colour Gamuts in Polychromatic Dielectric Elastomer Artificial Chromatophores’, in: 
Proceedings of SPIE Electroactive Polymer Actuators and Devices - EAPAD, 2014  
(San Diego, California, USA, 8 March 2014), 905620 
  
Forthcoming Publications 
 
Amy Winters, ‘Wearable Rhythms: Materials in Play’, in: International Conference of 
Design, User Experience, and Usability (DUXU 17) 
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Written Articles 
 
Amy Winters, ‘Redefining fashion with interactive textiles’, Queen Elizabeth Prize for 
Engineering,  http://qeprize.org/createthefuture/redefining-fashion-interactive-
textiles/ 
 
Press Coverage 
 
Rob Walker, ‘Fashion’s big brands follow the money to join the wearable tech revolution’, 

Guardian, 14 February 2015 

http://www.theguardian.com/technology/2015/feb/14/fashion-phones-wearable-

technology 

 
Kathyrn Roberts, ‘Masters of Disguise’, Chemistry & Industry, 17 September 2015 
http://www.soci.org/chemistry-and-industry/cni-data/2015/9/masters-of-disguise 
 

Vickie An, ‘Playful attitude’, Guardian Labs,  4 August 2016 < 
https://www.theguardian.com/ahead-of-the-curve/ng 
nteractive/2016/aug/04/technology-clothing-fashion-wearables-fabric-jewelry-sensor > 

 
Work citations 
 
Sharon Ann Holgate, Outside the Research Lab (Morgan & Claypool Publishers, 2017)  
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Appendix B : Supplementary Information 

Chapter 3 
 

: 
 
Fig i: Ink. Drawing: Author. 
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Fig ii: Notebook/journal, ‘a living organism’. Author.  

 
Fig iii: Texture Morphing Concept. Author.  
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Chapter 5 
 

 
Fig iv: Waterlilies. Author.  

 

 
Fig v: Vectors. Author.  

 
Fig vi: Structure experiments. Author.  
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Fig vii: Structure experiments. Author (2014) 

 
Fig viii: Laser-cut mask and ChromoSkin experiment. Author and BRL.  

 
Fig ix: Projection testing. Author.  
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Chapter 6 
 

 
Fig x: Rough tests with 12v pump. Author.  

 
Fig xi: Ingredients, moss and gold flakes. Author.   

 
Fig xii: Silicon texture/colour experiments. Author.  
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Fig xiii: Silicon texture experiments. Author.  

 
Fig xiv: Silicon marbling experiment and sublimation print. Author.  
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Fig xv: Sublimation print cracks and silicon. Author.  

 
Fig xvi: Soldering iron burns and sublimation print. Author.  

 

 
Fig xvii: Silicon binding test. Author. 
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Fig xviii: Texture experiments. Author.  

 

Fig xix: Texture experiments. Author.  
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Fig xx: Texture experiments onto neoprene. Author 

 
Fig xxi: Pneumatic test. Author. 
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Chapter 7 
 

 
Fig xxii: Soft fluidic display sketch. Author.  

 
Fig xxiii: Living, breathing painting dress sketch. Author. 
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Fig xxiv: ‘Fabric interface starts to flicker’ Oil seeping into water. Author. 

 

Fig xxv: Silicon structure texture tests. Author. 

 

Fig xxvi: Laser-cut surface test. Author. 
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Fig xxvii: Silicon structures activated by steam. Author.  

 
 

 
 
Fig xxviii: 3D printed ABS scaffold in PDMS. Author.  

 
 

 
 Fig xxix: 3D printed ABS scaffold in PDMS. Author.  
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Fig xxx: 3D printed ABS scaffold in silicon. Author 

 

 
Fig xxxi: Silicon veins, flushed through with blue ink. Author 
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Fig xxxii: Macro image, silicon veins. Author 

 
Fig xxxiii: ABS scaffold embedded in silicone. Ink transfer. Author  

 
Fig xxxiv: Left: ABS scaffold. Right: ABS Silicon structure with ABS scaffold dissolved to reveal hollow 
interior. Author.  



	
	

Glossary 

Actuation: A system that converts power into motion e.g. electric motors, hydraulics. An 

actuator can receive a control signal and converts this into motion.  

Bio Mechanics: The study of living things as mechanical structures.   

Cephalopod: Squid, octopus and cuttlefish that have soft bodies independent of a 

backbone. There are approximately eight hundred varieties of cephalopods. 

Chromatophore: A pigment-containing cell embedded in the skins of animals such as fish 

and cephalopods which have colour-changing and controllable characteristics. Each 

chromatophore uses a specialised activating muscle and nerve fibre which connects to a 

part of the brain assigned to coordinating the intricate patterns.  

Dielectric Elastomer Actuators (DEAs): A type of soft transducer consisting of a thin 

elastomer membrane stacked between two compliant electrodes. 

Ecoflex Silicone: Platinum-catalysed soft silicone suitable for a variety of applications, e.g. 

prosthetic appliances, cushioning for orthotics and special effects applications rubbers.  

Elastomer: Rubbery materials formed of polymers which can recover their original form 

after being stretched.  

Electro-active Polymers (EAPs): Polymers that change their size, shape or volume in 

response to a strong electrical field. Electroactive polymers can be split into two main 

categories: ionic and electronic.  

Electrodes: An electrical conductor.  

Ephemeral User Interface (EUI): A user interfaces elements and technologies devised to 

be from fragile materials (for example soap bubbles). Elements which are intentionally 

constructed to last for a restricted time only. Coined by Döring, Sylvester, and Schmidt, 

(2013).  
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Graphene:  Pure carbon layer which is a strong, flexible material. Can be lightweight, 

conductive and transparent and potentially used to print soft circuits. 

Human-Computer Interaction (HCI): A field of research which examines the relationship 

between humans and computer systems.  

Human-Material Interaction: A newly developed model of HCI in which all digital 

information has a physical manifestation which allows the user to interact directly with 

material.  

Hydraulic System: A system operated by pressurised fluid.  

Hydrogel: A water-absorbing polymer which retains the ability to carry a significant 

amount of water. Can be located in contact lenses, disposable nappies, hair gel and plant 

water crystals.  

Macro-fluidics: Microfluidics on a larger scale. 

Micro-controller: A miniature computer control device which includes a microprocessor. 

An example can include an Arduino, which is a programmable circuit board.  

Microfluidics: The science and technology of manipulating, managing and controlling 

fluids through networks of channels. (dimensions of micrometres). Fluids in microchannels 

can serve as the foundation of new optical systems.  

Organic User Interface (OUI): An interface with a non-flat display e.g. deformable in shape.  

PDMS: Polydimethylsiloxane is a silicon-based organic polymer. Often found in the 

fabrication of microfluidics. Benefits include being optically transparent, flexible and 

resistant to temperature, weathering, ageing and many chemicals.  

Phase-change materials: Materials that change from one phase to another at a designated 

temperature. Water, for example, is a phase-change material which can transition 

between ice, liquid and gas.  
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Pneumatic System: A system operated by pressurised air.   

Printed Electronics: A set of printing methods used to create electrical devices on various 

substrates. Especially suited for establishing patterns on material. This is of particular 

interest to textiles, due to printed electronics being well matched to flexible substrates. 

Apart from circuits, other applications include sensors, antennas, biosensors, touch 

screens, touch switches, and printed heaters. 

Sensor: A converter that measures a physical quantity, such as temperature, light, 

pressure and sound and converts it into a signal. This signal is subsequently sent to a 

processor. (Input to a system).  

Shape-memory alloy (SMA): An alloy that can remember its original shape, when 

triggered by heat.  

Shape-memory polymer (SMP): A polymer which can demonstrate a change in shape 

induced by an external trigger such as temperature.  

Tangible User Interface (TUI): A user interface whereby a human being interacts with 

digital information through the physical environment.  

Transitive Material: Emerging materials with embedded computational characteristics.  

Viscoelastic: Property of materials that exhibit both viscose and elastic characteristics.  

Viscosity: Viscosity is a measure of a fluid's resistance to flow. For example, golden syrup 

is more viscose than water as it has a thicker consistency.   
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