
Introduction

The human body is soft. Even the spine is conceived from fluid- filled joints 
generating a bendable structure. Bodily fluids cause us to be supple while acting 
as carriers of both nutrients and disease.

Moreover, bile, blood, mucus, saliva, sweat, and tears hold sensory capabilities. 
Saliva, for example, enhances taste,1 sweat can act as a thermoregulator,2 and 
tears can be triggered by emotional states such as sorrow and joy. Vomiting, for 
its part, is the great “liquid carrier,” effectively expelling toxins from the body.

Bioinspired technologies acting at the interface of the human body offer an 
opportunity to extend, explore, and enable new experiences for the wearer. The 
growth and development of “soft machines” propose enhanced, nuanced, and 
multimodal forms of expressions—these can be visual, proprioceptive, auditory, 
olfactory, and tactile. It is at this newly defined junction that we now examine the 
potential of soft robotics and interaction paradigms through a frame of embodied 
imagination and making.

Until now, wearable soft robotic applications have, for the most part, been 
generated through specific frameworks—with a technological, functional, or 
user- led design approach.3 However, what these particular methods overlook is 
what can be the more compelling, multisensory capabilities of “artificial muscles.”

This chapter begins with “The Sensitive Interface,” which offers an alternative 
interpretation of human- centered interaction, responsive, for example, through 
verbal, nonverbal, and environmental inputs. This concept is emphasized by 
observing the rhythm and the sensual qualities of elemental materials such as 
wind and water in “Liquid Rhythm.”
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How, therefore, can we design processes to facilitate these multisensory 
fabrications? A post-Cartesian4 positioning structures our exploration by 
actively using the body, and then responding to what we see, hear, feel, touch, and 
smell. “Alchemical Prototyping” thus offers an experiential method of working 
with soft robotic technologies.

Next, we explore “Hacking—Bricolage—Alchemy” to reframe the skill set of 
the modern textile designer. We build on how these characteristics operate in 
this newly defined design space through “Material Cooking: Lab as Kitchen.” 
Here, the human body is employed as an active part of the living design process 
that can facilitate the link between imagination, material, and the hand; a method 
of acknowledging the human value and potential of the tactile and kinaesthetic 
mind. Thus, by directly establishing an intimate and procreative relationship 
with and through material, the designer can intuitively follow the rhythm of the 
numerous substances with which they work. This challenges the dominance of 
Aristotle’s “hylomorphic model of creation” (Ingold 2010) whereby a predefined 
mental artifact breaks down the design process into objectified components. 
Moreover, the potential for experimental “material robotics” can be situated in 
standard textile processes: mold- making, seaming, and couching, for example, 
are encountered within the tacit “know- how”5 of the textile designer rather than 
via established scientific laboratories.

“Soft Bioinspired Skins” surveys how biomimetic materials shape natural and 
synthetic material developments, followed by a hands- on prototyping example 
of liquid materials in “Unconventional Microfluidics.”

The chapter closes with reflections on how such an approach can create a 
multifaceted skill set for a new studio practice. And to conclude, a four- stage 
methodology for the post- digital design practitioner is defined: “The Soft 
Programmable Material Toolbox”: Experiential Understanding, De/Construction, 
Re/Construction, and Definition.

The sensitive interface

Technology- driven experiences developed by the consumer electronics industry 
have reduced our physicality to “body real estate”6 (Dvorak 2010: 107), as 
described through the self- quantification movement, by exploiting smartwatches, 
wristbands, and headgear embedded with sensing capabilities (Winters 2016). 
The body, however, does encompass more than this rather reductive, commodified 
landscape. Rooted within the skin and musculature are somatosensory systems 

36287.indb   210 27/09/2019   09:14



Material Robotics: Shaping the Interface 211

delivering multisensory feedback—both tactile (temperature, vibrations, and 
texture) and kinesthetic (inertia, shape, weight, and deformation).

Further evaluation of this limitation, leading to “experience prototypes” rather 
than “usability prototypes” could open up new, alternative modes of human- 
centered interaction. To illustrate, Vigneshwara’s (2018) light- powered musical 
instrument, “The Screaming Sun: Choreographing Synesthesia,” invites the user 
to explore the artifact through playing with light and shadow, which results in 
sound frequency fluctuations. This contrasts to merely switching it on using 
standard buttons or switches, lending agency to an instrument, which is depicted 
by Vigneshwara as “much like a living being” (562). In this sense, the interaction 
shifts from one- sided use into collaborative play.

Another example, “MetaSolid” (Winkler, Steimle, and Maes 2013) holds 
programmable phase- change abilities. This speculative “imaginary material” 
morphs between the hard and soft thus suggesting fresh user interactions such 
as “crumbling” or “tickling” rather than purely traditional handling interactions 
such as “folding.”

This emerging material turn in human–computer interaction (HCI), as 
highlighted by Robles and Wiberg (2010), has spawned a series of physical- 
digital prototypes, which offer novel and sensory forms of interactive responses. 
As these examples illustrate, textile designers can now use their unique 
proficiencies to experiment in the design space of tangible user interfaces (TUI).

Soft interfaces can exploit intrinsic textile properties such as colors, surfaces, 
textures, patterns, and structures, which move beyond merely crafting aesthetics 
by developing affordances and interactive possibilities.

Fernaeus et al. (2012) for example, assert that soft hardware establishes the 
facility to shape new forms of interaction due to the articulation of their direct 
material affordances. Accordingly, textiles present a range of properties, tools, 
and techniques, which can be synthesized by integrating multisensory points of 
reference into an embodied design process of technology development. 
Consequently, “soft robotic” actuators7 can offer unprecedented opportunities 
for interactive surfaces through displacement, deformation, and strain. Examples 
of soft actuators include: pneumatic elastomers (air activated) (Holland et  al. 
2013)8 shown in Figure  11.1; electroactive polymers 9 (high- voltage); shape 
memory polymers10 (temperature); microfluidics11 (liquids); and nylon coils12 
(temperature).

Organisms devoid of rigid skeletal structures such as octopus tentacles, lizard 
tongues and elephant trunks provide the foundation for soft robotic constructions 
(Rus and Tolley 2015). While “soft robotic skins” certainly work in harmony with 
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the flexible and adaptable nature of textiles, offering a compliant means to 
interface with the human body, what is perhaps more notable is that these are 
also actuators—which are key among the post- digital practitioner’s newfound 
tools for developing expressive design possibilities.

Materials are moving from a position of static to temporal expressions, and as 
we begin to analyze these new actuators, a distinctive vocabulary will begin to 
emerge. We can start by drawing on Robles and Wiberg’s (2010) novel interaction 
approaches, such as “elements scale, datum, rhythm, transformation, circulation, 
approach and entrance” into the context of the human body to imagine amplified 
“experiences” (139).

Figure 11.1 Amy Winters, Actuators in the form of pneumatic inflatable air 
chambers, made using the soft robotics toolkit (Holland et al. 2013). Image © Amy 
Winters 2016.
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Liquid rhythm

“Rhythm” is central to this story and can be located in both the slower, deeper, 
and seasonal paces of the natural world and the corporeal pulse of our bodies. As 
Dewey suggests in Art as Experience, “day and night, rain and sunshine, are in 
their alternation, factors that directly concern human beings” (Dewey 2005: 
153). The body’s sensual and multisensory interactions with the elements such as 
rain, snow, wind, frost, fog, and sunshine are recognized through our perceptions 
of thirst, color, taste, smell, temperature, and even pain (Winters 2017).

Human–environment interactions are a form of immersive and nonverbal 
communication. For example, Bachelard’s statement (1983: 6) that “water is truly 
the transitory element” identifies its transformational capabilities and our 
subconscious affinity with water as the result of its “viscosity” and “organic 
associations” (1983: 105).

The ephemeral user interfaces (EUI) (Döring, Sylvester, and Schmidt 2013) 
focus 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 offer playful and haptic characteristics with multisensory 
feedback of “interesting and diverse textures, liquids, fragile structures and 
temperature” (Döring, Sylvester, and Schmidt 2013: 77).

Similarly, “Fluids,” Rudomin et  al.’s interactive and immersive mixed- reality 
art installation demonstrates a concept of programmable water and air, suggesting 
that this type of “tactile reference expands the imagination of the user” (Rudomin 
et  al. 2005: 156). Thus, liquids can be seen as an expressive “substance” which 
embody temporal qualities such as rhythm and texture. As revealed in Figure 11.2 
“Liquid Rhythm,” where water is filmed as a type of “visual, time- based bricolage.” 
The character and expression of water are composed of several different 
properties, namely: “Rhythm, movement, brilliance, reflexion, colour, sound, and 
transparency” (Snell 2013: 264). These multifaceted visual and tactile assets are 
explored through our prototyping experiments later in the chapter.

Alchemical prototyping

Alchemical prototyping is fundamentally a focus on praxis through the lens of 
the body. The action of experiential learning or “thinking through making” 
(Ingold 2013: xi, emphasis added), establishes an alternative type of knowledge 
which is not necessarily problem- driven. This could be a complementary strand 
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of R&D strategy, the establishment of which could deliver the next disruptive 
technology.

With the growth and democratization 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.13 
Within this cultural shift, designers can integrate tools that are usually found in 
the context of product design and design engineering, such as 3D printers, laser 
cutters, CNC routers, and mechatronics technology, into their practice.

Designers working in the field of wearable technology and interactive textiles 
have been able to employ an array of sensors from sound, movement, and light 
yet, to date, the creative output has largely been restricted to using color- changing 

Figure 11.2 Amy Winters, “Liquid Rhythm,” Neuhausen am Rheinfall, Switzerland. 
Image © Amy Winters 2014.
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inks, LEDs, or cumbersome motors (vibrating or rotating) within their designs. 
Wearable technology and “smart textiles,” closely aligned to the consumer 
electronics industry, have largely inherited the “binary” constraints of software 
engineering. This focus on predominately digital rather than interactive physical 
qualities cultivates a “preprogrammed” order of expression, often resulting in 
predictable and prescriptive outcomes.

By way of contrast, the textile designer expresses a particular sensitivity to the 
experience of materials (Igoe 2010, 2013), which can be characterized as “delicacy,” 
“subtlety,” “intuition,” “feeling,” “responsiveness,” and “perceptiveness,” and cannot 
necessarily be quantified or measured. This sensory fluency is embedded within 
specific and personal tacit, unarticulated knowledge (Polanyi 2009).

Vallgårda and Redström (2007) assert that for a designer to grasp and master 
the technical possibilities of material it is essential for its working language to 
acclimatize to the sensibilities of the designer. Given the differences identified, 
could the material- led disciplines devise a language that would stimulate the 
imaginative and evocative facets of technological tools? Can we imagine, even 
speculatively, that textile designers could invent their own type of soft robotic 
“maker” kits using their specific tacit knowledge and tinkering with the machines 
they already have a physical connection with? This could, for example, take the 
form of “embodied speculation” workshops, as devised by industrial designers 
Rozendaal, Heidingsfelder, and Kupper (2016), in which participants imagine 
and critically reflect on the implications of emerging technologies by conceiving 
and constructing hands- on artifacts.

Hacking—bricolage—alchemy

Here we can break down this emerging skill set into three characters: that of the 
hacker, bricoleur, and alchemist. All three share the same assets of being guided 
by their senses, rather than relying on scientific verification, and an ability to 
communicate to a wider audience through these sensory translations. This 
conceptualization of a “materials designer” raises parallels with Ingold’s (2010: 
94) analogy of working with materials as a form of “cooking”; that is, blending 
substances through “an endless process of transformation” (ibid.). As trained 
sensory specialists, textile designers not only use their visual sense but also 
develop tacit knowledge through the use of touch, sound, smell, space, and 
weight. To illustrate: in printed textiles, there are the particular characteristics of 
blending various pigments during a color- mixing experiment, or the texture and 
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scent of a substance such as expanding puff- binder applied to leather—all appeal 
directly to the senses.

This hands- on approach is more akin to creating a recipe, whereby tacit 
knowledge, visual memory, and fine motor skills are employed. Within the 
expanding agency of materials, this imaginative “play” can be seen as a 
reenactment of various material experiences that have a sensory quality and can 
demonstrate a new level of expression through engagement with the body. 
Familiar textures, for example, bring a sense of comfort while nostalgia triggers 
our senses, and these tacit connections subjectively affect the methods informing 
how we design.

This reciprocal approach draws on “reflective practice” (Schön 1983: 79). The 
designer becomes increasingly aware of the knowledge they possess, the 
knowledge they are absorbing and the knowledge they still need, thus enabling 
reflection and learning based on experience during practice (reflection- in-
action) and after practice (reflection- on-action). Interaction researchers 
Klemmer, Hartmann, and Takayama (2006: 142) highlight that artifact- centric 
prototyping provides a “concrete manifestation” of ideas and one in which 
reflective practice can uncover problems that would otherwise have stayed 
hidden while at the same time generating new concepts and ideas to support 
knowledge- sharing. The author can, therefore, be placed as a researcher and 
participant in a method that includes human experience, materials experience, 
and problem- solving.

As well as being a reflective practitioner, the designer- researcher may take on 
many different but related roles in the creation of new expressive materials:

A hacker

The role of material hacker can be manifest in the design process both on a 
practical and systemic level. First, the skill of the hacker within this context lies 
in the construction of new material systems through a reinterpretation of tools 
and processes. The hacker could adapt a standard hardware component for an 
alternative purpose; hack an open- source commercial 3D printer to enable the 
fabrication of specific mixtures of multi- matter materials; subvert and tinker 
with the traditional machines they tacitly understand, and employ them within 
their own practice (knit, weave, print, and embroidery) to generate explorative 
material possibilities—potentially enabling newfound commercial markets 
which may not otherwise materialize by employing traditional user- led design 
processes.
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An alchemist

The skills of the alchemist are particularly relevant to the development of 
biosynthetic materials, stimuli- responsive ink, dyes, pigments, and surface 
phenomena, and by deploying processes such as fermentation, filtration, 
sublimation, and calcination. An alchemist may be theatrical in nature, utilizing 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 color 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 preexisting developments and “leftover” 
components into new systems. Interpreted through Lévi-Strauss’s (1962: 11) 
concept of bricolage, the bricoleur’s skill set appropriates technological mediums 
in a hands- on manner within an iterative cycle of making. The textile designer 
draws on their personal inventory of skills and “know- how” developed through 
knitting, printing, weaving, or mixed media.

Material cooking: Lab as kitchen

As explored earlier in the chapter, through our cooking analogy, the designer as 
“cook” requires multiple skills and sensitivities which, in turn, make her/him 
adept at inventing and amalgamating with multiple material properties.

The commonality between disparate tactile practitioners is notable; as Ingold 
(2010: 94) 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 anticipation 
of what might emerge.” Thus, the textile designer’s multifaceted skill set shares a 
common understanding with the painter, alchemist, and cook, a type of creative 
invention process undertaken through an embodied mixture of “substances” or 
even flavor- pairing possibilities. These “substances” can be multilayered as fibers, 
yarns, gels, films, and coatings. An example of such an approach is the patented 
International Klein Blue, invented by painter Yves Klein through experimenting 
with a polymer binder and unstable ultramarine pigment.14
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Within this chapter, microfluidics, traditionally a medical diagnostic 
application will be transported into the experimental contexts of textiles and 
wearable technology. Illustrated through a series of small- scale material 
explorations, the author devises and categorizes a set of fresh interactions. These 
experiments are powered by channels, micropumps, microcontrollers, and  
soft reservoirs (Figure 11.3). The process of lending computational abilities to 
liquids and air becomes the catalyst to reimagine interactive surfaces through 
the manipulation of colors, iridescence, contrast, opacity, rhythm, shape, and 
texture.

Figure 11.3 Amy Winters, “Lab as Kitchen,” a selection of ingredients and utensils for 
the creation of Material Robotics. Silicon (Ecoflex-30), Tygon tubing, silicone 
pigments, colored flocking fibers, soft reservoirs, mixing/measuring jug, 3D printed 
scaffolds, flow controlled micropumps, sensor, laser- cut Perspex molds, weighing 
scale. Image © Amy Winters 2017.
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Sourcing ingredients

Our form of exploratory research encompasses a series of open- ended material 
experiments and development processes as a way of generating new knowledge. 
The act of making here becomes a catalyst to manifest technical knowledge 
(Toomey and Kapsali 2014). In this context, the designer needs a good 
understanding of all the ingredients of the recipe to be in a position to select 
which individual ingredients will be brought together, successfully.

Once the designer gains an experiential understanding of the substances, 
machines, and tools they are working with, tacit knowledge can be documented 
by reflection through journals, filming, and sketches as a form of visual time- 
based bricolage. This contextual inquiry encompassed short films and vignettes 
of bioinspired structures. For example, observing carnivorous plants such as the 
venus flytrap as a sensing and actuating model or examining the various features 
of animal skin. The poison dart frog exhibits a colorful, glistening, and clammy 
skin texture—sweating poison through a toxic slime. Figure 11.4 demonstrates 
this visual and tactual reference to the wet skin of an amphibian.

As Igoe (2013: 82) notes, textile designers manipulate, play, and recontextualize 
when designing and experimenting through “stuff, trappings, bits and pieces, 

Figure 11.4 Poison dart frog, amphibian skin patterning, Zurich Zoo. Experiments 
with silicone texture—simulating the look and feel of moist skin. Images © Amy 
Winters 2015.
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accoutrements, paraphernalia.” This specific method employs contextual and 
first- hand tactile references, which lie in contrast to the ocular- centric methods 
found in traditional user experience (UX) practices such as wireframes15 or 
personas.16 Rather, these tactile references can be synthesized into a more 
complex multisensory and contextually rich programmable system.

Soft bioinspired skins

As explored at the start of this chapter, soft robotics are often biologically 
inspired. Similarly, some textiles have the unique ability to mimic surfaces, 
drawing inspiration from biosystems such as the fibrous structures made from 
pineapples (Piñatex), seaweed (SeaCell), and cork (Pelcor).

Another development, “Structural Colour” the stretchable “Polymer Opal” 
color- change Lycra simulates a type of color found in beetle wings, morpho 
butterflies, and peacock feathers. As displayed in the garment (Figure  11.5) 
developed by the NanoPhotonics Group at Cambridge University and Rainbow 

Figure 11.5 “The Awakening of Insects Collection,” Polymer Opal stretch- reactive 
material. Rainbow Winters in collaboration with NanoPhotonics Centre, Cambridge 
University. Exhibited at National Museum of Taiwan, 2017. Photographer: Cereinyn 
Ord © Rainbow Winters 2013.
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Winters. Here, a scalable, manufacturing method used a roll- to-roll process 
where stacked nanoparticles are fabricated onto thin transfer films (Zhao et al. 
2016). The film can be either laser or vinyl cut into custom shapes, logos, and 
patterns and heat pressed onto a stretchable substrate such as Lycra.17

Our skin is an organ made up of tiny pores, which open and close, absorbing and 
excreting a wide variety of substances such as oil and sweat. Historically, the “pore” 
has been echoed in soft material form in the form of the ubiquitous sponge. For 
example, the Ancient Greeks conceived the use of sea sponges for domestic, medical, 
and artistic applications.18 Moreover, Hippocrates notes a parallel to the human 
anatomy whereby the lungs, spleen, and breast are associated with the distinctive 
texture of the sponge (Voultsiadou 2007). A more recent material science invention, 
the “Oleo” sponge (Barry et al. 2017), holds a power to both absorb and release mass 
quantities of liquids for final applications such as large- scale oil spills.

Thus, the characteristics of the skin’s surface provide the building blocks  
for this series of material probes. The “Skin Series” experiments (Figure  11.6) 
further explores silicon as tactile skin structures through embedding yarns, 
casting textures, and encapsulating fibers. Rather than a direct mental conversion 
of a finalized “wearable technology” artifact into a physical form, this hands- on 
engagement with silicon began as a series of experimental iterations. The material 
probes served as “hosts for thought,” as part of the “Re/Construction: Embodied 
Making” stage outlined at the end of this chapter in “The Soft Programmable 
Material Toolbox.” Here, the basic recipe is the same, and compares, for example, 
to a classic sponge cake made of flour, sugar, eggs, and butter—or in our case 
silicon, molds, flock, and tubing. Yet it is only through working through material—
unsuccessful recipes, adaptations and reappropriating ingredients—that the 
design process can evolve to create more complex concepts.

Reflecting on the activity of making, the encapsulated fleshy flock fibers 
(Figure  11.6) felt warm, grainy, and lifelike to touch. The cast proximity- 
sensitive19 pneumatic surface texture also invited touch, thus provoking 
speculation on potential tactile communication abilities.

In our experiments, the ingredients exhibited in Figure 11.4 such as silicon 
(Ecoflex-30)20 begin as a demi- fluid in mucilaginous or gooey form acting as a 
“carrier”—suspending solid particle matter (Figure  11.7) and absorbing 
pigments which, in turn, can manipulate the physical properties. As the silicon 
begins to air cure at a room temperature of 23°C, it solidifies into a stretchable 
material, yet it can still soak up fiber deposits rendering the surface as textured 
(Figure 11.7). In addition, soft silicon tubing 2 mm outside diameter (Figure 11.7) 
can be encapsulated and layered onto the silicon composite alongside textured 
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Figure 11.6 Amy Winters, “Skin Series”: (top left to right) author’s palm; tactile 
“flock” surface; yarn embedded silicon; (middle) dripped silicon texture and fiber 
encapsulation; pneumatic actuator; cast texture; (bottom) 3V DC mini air pump and 
lithium battery test; proximity- sensitive pneumatic surface texture (before activation); 
proximity- sensitive pneumatic surface texture. Image © Amy Winters 2016.

Figure 11.7 Amy Winters, Material Fluidics, translocation of fluids through soft 
materials. Final sample encapsulating flock, yarns, and silicon tubing suspended in 
silicon. Image © Amy Winters 2016.
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yarns, creating slight imperfections giving the resulting substrate an organic 
quality.

Reminiscent of lichen, moss, or algae on a waterbed, the fabric starts to convey 
a narrative as the translocation of liquids engages with several of our senses. The 
silicon composite material appears moist and slippery and as the sound- activated,21 
blue- tinted water drizzles through the surface, this feeling of tactility is stimulated 
through our visual sense. Tactile feedback could be further enhanced through  
the water temperature feedback—cool (icy and frozen) or warm (saturated and 
humid).

Unconventional microfluidics

“Unconventional” microfluidics (Nawaz et  al. 2013) locate microfluidics into 
new contexts, such as robotics and electronics. Our design method is adapted 
from a microfluidics production process by biochemists Saggiomo and Velders 
(2015).22 Designers may find this approach particularly suits their requirements 
as prototypes can be built quickly through Makerspace DIY facilities which are 
both low cost and cleanroom free (Winters 2017).

Aligned with the initial principle of the “actuated elastomer channels and 
chambers,” shown in Figure  11.1, the stretchable microfluidics developed 
through this research are reflective of the human circulatory system. These 
microstructures are inherently transparent, and fluids can be directed and 
manipulated inside the material.

In Figure 11.8, the 3D-printed ABS23 pattern is placed inside a 90 mm petri 
dish, a smidge of 0.5 mm nylon flesh- colored flock (usually used in prosthetic 
makeup) is folded into the soft silicon mixture (Ecoflex 00-30) and poured into 
the petri dish. Once aired cured at 23°C for four hours, the ABS scaffold is 
dissolved in an acetone bath for twenty- four hours to reveal a hollow scaffold 
encapsulated within the silicon.

Adapting the ABS scaffold design produces various morphologies. A standard 
off- the-shelf 3D printer, for instance, can fabricate a microfluidic scaffold in any 
shape or pattern required. Therefore, in addition to flat and soft moldable 
surfaces (Figure  11.8), it is also possible to build 3D microfluidic structures 
(Figure  11.9) presenting further opportunities to develop microfluidic yarns, 
knots, or even more complex knitted and woven constructions. Textile methods 
may lead, therefore, toward “wearable robotics” that move beyond the function- 
led exoskeletons and both challenge and offer a broader understanding of what 
a robot may be. The prototypes shown in Figures  11.8 and 11.9 propose an 
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Figure 11.8 Amy Winters, “Stretchable Microfluidic Vein Pattern Sample.” 
Microfluidic dress visualization, stretchable microfluidic vein sample, and 3D-printed 
scaffold. © Amy Winters 2017.

unsettling aesthetic, located between human and machine, suggesting an idea of 
how the body could transcend its biological constraints.

Moreover, stretchable microfluidic structures have the potential to facilitate a 
whole repertoire of interactive and expressive interactions. Five programmable 
“liquid” categories are identified: currents,24 opacity,25 viscosity,26 separation,27 
color change,28 and iridescence.29 These features could, in turn, create visual and 
tactile opportunities for aesthetic (fashion), functional (intelligent mobility) and 
communicative (virtual reality) purposes. Color change and opacity could, for 
example, craft dramatic optical effects such as bleeding, dripping, melting, and 
dissolving a dress to externalize or amplify self- expression by, for example, 
releasing “tears.” Viscosity, currents, and separation might be turned into 
alternative tactile expressions such as breathing, shivering, and cracking, thereby 
potentially communicating or translating subjective user sensations.
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Applications may include intelligent mobility from the functional; body 
“posture- responsive” actuating car seats to the more speculative, such as 
environmentally sensitive “mobility skins” where the transport mechanism shell 
transforms in shape triggered by temperature, moisture, light, or wind- speed 
pressure. Moreover, could these rich material possibilities, therefore be harnessed 
toward the future of virtual reality (VR)? The body is driving a new wave of 
artificial reality, VR experiences, tapping into the body’s own movements to 
make immersive experiences feel more natural. Drawing on Lanier’s concept of 
“post- symbolic” communication (Lanier 2011: 190); wearable, programmable 
microfluidics have the potential to facilitate new languages via nonverbal 
communication—one example is through the simulation of “synthetic sensations” 
that enhance the physical experience of the body.

Further, linking back to our discussion on “Liquid Rhythm” earlier, Häkkilä 
and Colley (2016) have conceptualized a tactile interaction experience suggesting 
that viscosity can manipulate how a liquid “feels” (34:3). In this manner, “friction 

Figure 11.9 Amy Winters, “Microfluidic Patterning”: (clockwise from left) Wearable 
microfluidic shoulder- piece 3D stretchable microfluidic, tangerine pigment, and 
surface structure in silicon. © Amy Winters 2017.
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or slowness in the interaction” can be choreographed, creating novel associations 
such as “difficulty or resistance” (ibid.). The prototypes shown in Figure  11.9 
interface directly with the body. The movements of the fluid through the channels 
can activate thermal and physical stimulation on the skin. When cold liquids are 
introduced, for example, the body evaporates heat to create a “wet” sensation.

Thus, as Rubio-Tamayo, Barrio, and García (2017) suggest, the next stage of 
VR may include how we can experience the sensations and subjective perceptions 
of both humans and animals.

The soft programmable material toolbox

This research aims to understand the concrete, felt, and interpretative experience 
of a creative textile design researcher who is working within the domain of 
Material Robotics, traditionally led by scientific expertise. However, these tools 
are also transferable, to a broader range of hybrid collaborations, for example, 
synthetic biology and additive printing.

Based on the research undertaken and examples discussed above, the research 
methods, or “tools” can be distilled into four stages—a methodology for other 
researchers to follow: Experiential Understanding, De/Construction, Re/
Construction and Definition.

l Experiential Understanding: Learning through experience—At this stage, 
mood boards 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 that keeps the 
designer embodied; thereby enhancing a phenomenological approach to the 
development of technology. Additionally, time- based bricolage methods can 
assist at this stage as a form of visual and tactile prototyping. These can 
materialize as color palettes, textures, storyboards, and short films to capture 
interactions and narratives.

l De/Construction: Reverse engineering—The next step is characterized by 
a close analysis and deconstruction of a soft material development. This 
approach of reverse engineering considers analytically the procedures of 
how a “technology case study” is assembled, initially working backward to 
discover how the underlying technology is constructed. To demonstrate this, 
earlier in the chapter we followed a fabrication process toward devising a 
microfluidic system (Saggiomo and Velders 2015). This particular approach 
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was chosen 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.

l 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 technical 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 mood board into their 
practice. The basic recipe can be reinterpreted 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.

l 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 rewritten using exact specifications, thus recognized as a form 
of codified knowledge.30

While it may be suggested that DIY maker- culture (Dougherty 2012) can be 
seen as the pursuit of the dilettante, it could also be more strongly argued that 
this culture and method of learning can form part of an iterative design model 
for professional and commercial practice—releasing a prototype range of 
abilities within the designer. Further, the form of “material hacking” applied in 
this experimental research 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 and principles.

As designers build composites in the resin studio, reformulate dyes, and grow 
their own synthetic biomaterials, insights are facilitated which would usually 
remain tacit. Moreover, how can these new hybrid processes in the creation of 
innovative textiles affect not only the aesthetic properties of the final product, 
this being in fashion, interiors, or future mobility but its functionality and 
distinctive interactive qualities? In this way, this chapter has advocated that a 
proficiency to amalgamate and design with multiple material properties, both 
active and passive, can offer a unique contribution to the development of novel, 
soft computational interfaces.
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In fashioning the future body, material- driven interactions may be the 
creative catalyst to push beyond utilitarian dimensions into new categories of 
immersive experiences in virtual reality, intelligent mobility, and fashion.

Notes

 1 Chemicals in food need to be transported in a liquid medium to be detected by 
taste receptors.

 2 When the body is heated, but also triggered via emotions in the palms, soles, and 
armpits.

 3 This study is positioned within the context of “design thinking” as an explorative 
approach that serves as a point of departure to the user- led design methodologies 
of industrial design engineering.

 4 The philosopher Maurice Merleau-Ponty’s (1962) embodiment theories offer an 
alternative to René Descartes dualistic division between mind and body.

 5 Polanyi’s (2009) premise of tacit knowledge offers informed “hunches” as specific and 
embodied ways of knowing. Tacit knowledge is interpreted through reflection and 
analysis whereby the maker’s subjectivity became an essential component of this 
research.

 6 CES is a global consumer electronics show that typically displays new electronic 
products and technologies latest developments. The author showcased wearable 
technology under “Rainbow Winters” at CES 2014. At the trade show, the human 
body was often referred to by the press, exhibitors, and industry insiders as “body 
real estate.”

 7 Actuators are mechanisms that convert stored energy into motion through a control 
signal. Traditional mechanical actuators are, for example, driven by wheels, pulleys, 
and chains. 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.

 8 Air is pumped through the inner channels and chambers to bend and twist the  
soft bodies. The microcontroller and sensors can further control and program  
this air through inflation and deflation. This development is part of the Soft 
Robotics Toolkit, an open- source platform for expanding soft robotics (Holland 
et al. 2014).

 9 Polymers that change dimensions, shapes, or volumes triggered by a strong electric 
field.

10 Shape memory polymers, stimulated by external activators such as heat, can return 
to a preprogrammed shape.

36287.indb   228 27/09/2019   09:17



Material Robotics: Shaping the Interface 229

11 The manipulation and control of fluids through networks of channels.
12 Nylon coil actuators are thermally/electrically activated and change shape in 

response to temperature (Haines et al. 2014).
13 An example of “digital crafting” by textile designer- researchers is illustrated  

by Taylor and Robertson (2014). Their “Digital Lace” project combined their 
respective expertise in constructive (fiber- optics) and printed textiles 
(thermochromic inks) to develop a digitally controllable material and visual 
outcome.

14 Klein collaborated with chemical manufacturer Rhône-Poulenc to source a 
particular polymer binder; this “carrier” could hold the intensity of an unstable 
ultramarine pigment.

15 A visual representation of a user interface.
16 A fictional character created to epitomize a specific end- user type.
17 The film can be applied to a flexible substrate using a bonding layer such as 

thermoplastic polyurethane (TPU) with a standard heat- press.
18 As documented through records in their medical works.
19 Gesture sensor APDS-9960.
20 Ecoflex is a platinum- catalyzed extremely soft silicone rubber.
21 Sound sensor, electret microphone BOB-09964.
22 The expanded fabrication process is outlined in the “Water Dress” prototype, 

Winters (2017).
23 Acrylonitrile Butadiene Styrene (ABS) See: https://www.sculpteo.com/en/glossary/

abs- definition/.
24 Currents refer to the directed movement of liquids. These could be generated and 

programmed by specific pump pressure and the direction of channels.
25 Opacity relates to how translucent or transparent the fluidic display or surface 

might be. Inks and dyes here might allow light to pass through.
26 Viscosity is understood as the “thickness” of a liquid. Honey is more viscous than 

water, for instance, because it has a high flow resistance.
27 Separation is used here to define immiscible liquids. These liquids are incapable of 

being mixed, one such example being oil and water.
28 Rapid or slow color changes could be formed by using two separate colors of ink 

and dyes in the microfluidic system.
29 Iridescence describes a surface which gradually changes color created by  

diffraction of light. Examples could include oil slicks and soap bubbles.  
In the context of programmable fluidics, this could be iridescent ink  
or dye.

30 Patents are a form of propositional and codified knowledge (Lee 2012), and 
“know- how” is not currently patentable, yet patents often need the know- how of the 
inventor to become operational.
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