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Abstract

Background: Soft wearables include clothing and textile-based accessories that
incorporate smart textiles and soft electronic interfaces to enable responsive and
interactive experiences. When designed well, soft wearables leverage the cultural,
sociological and material qualities of textiles, fashion and dress; diverse capabilities
and meanings of the body; as well as the qualities and capabilities afforded by smart
and programmable elements. Textiles behave in particular ways. They are part of
culture. No matter a person'’s views on fashion, dress, their own or others' body, they
will have an intimate relationship with textiles, as they are one of the few products
worn much of the time, often in direct contact with the body. When designing
wearables a designer must consider a range of requirements that do not typically
demand focus when designing products that are not worn, including: sensitivity to
material detail; an eye for fit and comfort on bodies with diverse shapes and
movement capabilities; openness to a diversity of meanings that may be generated;
as well as consideration of wearers' intimate relations with technology. Soft
wearables allow for greater scope within these requirements.

Results: In this article, we discuss the opportunities and challenges of designing soft
wearables, applying notions of situatedness and personal meaning-making to
understand and posit values in relation to outcomes. We present three design cases
with different uses of the body, material, and context; and reflect on how these
different uses impact the design process (challenges and oportunities).

Conclusion: We provide three broad recommendations on how to ideate, explore
and prototype to aid wearables research and development to arrive at rich
interactions that are soft, embodied, situated and connected.

Keywords: Wearables, Embodied interaction, Crafted interactions, Phenomenology,
Soft technologies, H.5.m. Information interfaces and presentation (e.g., HC),
Miscellaneous

Background

Using smart textiles and soft electronic interfaces in wearables opens up the opportun-
ity to engage with wearers’ senses in diverse and subtle ways. A knitted garment, for
example, can deform and reform as the body moves and pushes against the fabric.
When augmented with smart capabilities, such deformations may be used to sense
engagement and trigger events (Fig. 1). Other fabrics embody still other capabilities,
and afford diverse architectures when formed into clothing (Fig. 2). The qualities of
interaction made available through these capabilities differ from those that are possible
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Fig. 1 Knitted textile with an integrated knitted sensor (in the middle)
.

using gadget-style wearables where components and their surrounding architecture are
often rigid (Fig. 3). The inherent flexibility of fabric, potential architecture, and parameters
of engagement engender subtle call and response architectures that may not otherwise be
enabled. As discussed by Ryan [1], “mobile devices such as phones, music players and
tablets fill our lives and reflect a basic need not only for clothing, but for systems of
embodiment that can be shared together and support mobility and the embodied di-
mension of social life.” Soft wearables can enable us to move away from screen- and
device-centric interactions and regain control of our bodies and surroundings to re-
spond to these needs in ways that are embodied, situated and connected.

Soft wearables draw from divergent disciplines that may be broadly separated into
design, production, behaviours and use. Following the industrial revolution, these dif-
ferent and varied aspects-which until then had been handled by master craftsmen and
women-moved to the hands of distinct specialists: designers, technicians and social scien-
tists, who undertook their activities in complement. More recently, the proliferation (and
resulting democratization) of digital fabrication processes and physical computing plat-
forms have reduced this gap. Nowadays, we can program not only production processes,
but materials and their behaviours. However, the opportunities of this (re-) convergence
seem constrained by common practices. Technologies that support rapid testing of design,
production, behaviour and use enable designing, prototyping and testing to be undertaken
in context. Working in context provides many advantages, not least real-world feedback,

-

Fig. 2 Laser cut pattern on a synthetic felt allowing for shape-change
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Fig. 3 Integration of vibration motors and 3D printed cases in an laser engraved neoprene textile
.

during testing, with targeted users. Despite the clear advantage such feedback can give,
the trend still seems to be for designers, technicians and other specialists to work at desks,
in front of computers, from a distanced perspective-a 3rd point of view. This approach
seems to downplay, or at times completely overlook, the fact that bodies are not render-
ings and behaviour is far more than a thought experiment, no matter how sophisticated
the modelling may be. Designing within a representation cannot accurately provide a
sense of felt experience, and yet this is how felt experiences are largely designed for
and produced.

In this article we argue for the need to redress this imbalance, between representation-as
simulated in the lab-and felt experience. We explore the relations between the opportunities
and challenges of designing and testing soft wearables in the field, and make explicit the
roles of context and the body in material explorations for soft wearables. Following
Bryson [2], we consider human garment interactions (HGI) to be a counterpart to
Human Computer Interactions (HCI). To do so, we move HCI considerations such as
the design of interfaces, the way humans interact with technology, and user experi-
ence, into the realm of garments. This approach can play out in a number of ways. In
a traditional garment it may mean looking in more depth at the interaction between
user and garment in terms of intrinsic bodily behaviours, for example: how the wearer
sweats and the wicking properties of the garment. In a soft wearable, how the tech-
nology is embodied, the way the user uses their enhanced garment, and how they
combine their enhanced garments with other garments and accessories can all affect
functionality. These aspects must be considered alongside the HGI considerations
that exist before technological capabilities are added to the mix.

To assist designers to think in more nuanced ways about the design of soft
wearables-in all of their complexity-we describe in detail the kinds of decisions that we
have found to be important to consider. We analyse a series of design projects under-
taken in parallel with the same point of departure, facilities and skillsets. These cases
demonstrate and articulate a framework for understanding wearables, focused on con-
text and personal meaning-making. Our findings advocate moving the design process
from the technologically oriented ‘drawing board’ to a full immersion in context. Doing
so necessarily displaces out-of-the-box thinking for inside-of-the-box thinking. It de-
mands direct engagement with the constraints that come from context, the performing
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body, material properties and functionality, enabling designers to frame ‘meaningful’
design opportunities.

Methods

A “soft” design approach to soft wearables: theoretical foundations

Reclaiming the use of the body and context in the design process requires breaking
with historical approaches to wearables development. As discussed in [1], “the engin-
eering philosophy of technology” has been embedded in wearables development since
the late 1990s, and continues to this day. This theory builds on Kapp’s [3] nineteenth
century theories on the origins of technological inventions, which emphasise “analysing
the internal structure or nature of technology”. As Ryan [1] observes, this perspective is
based on “the human drive for prosthetic enhancement”, and views technologies as
tools categorized according to the part of the body that requires them: “the bent finger
becomes a hook, the hollow of the hand a bowl; in the sword, spear, oar, shovel, rake,
plow, and spade one observes sundry positions of arm, hand and fingers, the adaptation
of which to hunting, fishing, gardening, and field tools is readily apparent” [3] (in [4]).
Such thinking is opposed to the tradition of the “humanities philosophy of technology”
(personified by [5-7]), which is more concerned with the relationships between tech-
nology and other things, and with the meaning of technology. Certainly this is not a
clear dichotomy, and some developers move across the two views, though it can be said
that a humanities informed approach to wearables development has become much
more apparent since the 2000s, as designers have moved into the field [1]. We argue
that the humanities approach to wearables is integral to engaging with the full potential
of wearables, in particular when they are soft. The “engineering philosophy of technol-
ogy” requires a cognitive, top down perspective, making it difficult for meaning to
emerge from interaction, as interaction is imagined and imposed by the designers ra-
ther than treated as an emergent phenomenon. Our starting point on soft wearables
runs counter to this idea. It is (specifically and intentionally) a first person perspective
based on embodied interaction, strongly connected to the humanities philosophy of
technology [8-10].

Philosophical understandings of embodiment are essential to an enriched approach
to soft wearables research. With the aim to trigger discussion and provide guidelines
for other designers and design researchers, we outline here key considerations when
embodied and situated (inter-) actions are the desired outcomes of the development
of wearables. As we will demonstrate, Maxine Sheets-Johnson’s understanding of
movement as not only extra-discursive, but as a precursor to language that underscores
cognition ([11]); Andy Clark’s research into how extending our capabilities through tech-
nologies might enhance thinking ([12]); together with Wilde et al’s discussion of an
entangled approach to movement based design for wearables [13] demonstrate that a
wide-ranging understanding of embodiment as situated, cognitive and multidimensional
assists the designer to find new opportunities for design.

When well designed, soft wearables should be experienced as an extension or aug-
mentation of the body, rather than as separate from it [9, 12]. In contrast to the “en-
gineering philosophy of technology”, discussed above, the body is not the focus of
attention. Rather the body is experienced as the locus: an all encompassing sensing,
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filtering, analysing and reflecting tool. Schon argues that reflective end user designs
may be characterized by their situatedness and ability to negotiate various logics
and actions [14]. His claims suggest that situating designs in context affords
meaning-making for the designer as well as for the end user (whether or not they
are involved in development of the design). McCarthy and Wright’s research into
technology’s role in meaning-making through felt experience further strengthens
this argument that situated and embodied designs resonate for users [15]. In the
case of soft wearables, this way of thinking supports designing for diverse and idiosyn-
cratic movement capabilities, meanings that may be generated, and intimate relations with
technology that wearers might bring to the garment. In Entangled... Chris Salter argues
that everyone [is] speaking of embodiment, situatedness, presence, and materiality, and
everything has become performative [16]. Building on these claims, Wilde [17] argues that,
through their inherent performativity, wearables enable the wearer to enact identities. By
augmenting the wearer’s capabilities, they afford enhanced expression, which empowers
the wearer because it emerges from felt experience, rather than being imposed.
Inspirations for this research are found equally in avant-garde artistic movements such as
The Situationists (see [18]), who urged artists to place artistic work into everyday settings,
where it matters to ordinary people. Situationists tried to create situations that lead people to
places and thoughts that they do not visit habitually. As discussed by Gaver et al. in [19], they
did this using dérive (roughly, drift) and détournement (roughly, turn-about). Media embed-
ded in ordinary objects, like tablecloths [ibid.], or clothing, may be used to provide such pas-
sageways, just as the cases here augment and enrich as they turn-about the experience of
their use contexts. Further confirming our findings, Bourriaud [20], in his hugely in-
fluential work on relational aesthetics cautioned that what is missing from this notion
are other people. Constructed situations might derail people as individuals, but not direct
them to see through the social relationships that define their habits. The body is the nexus
of experience. The overwhelming seduction of individual sensual experience can be
caused to drift, can even be turned-about when designs integrate context, an enriched un-
derstanding and engagement with material interactions, enhanced functionality, felt ex-

perience, emotions, and social relations, triggered through context.

Results
Understanding material, body and context relations: the practice of soft wearables design
Foregrounding and cycling through these considerations allows designers to create new
kinds of objects situated on an axis between garments and products. Rather than fitting
clearly into existing, recognisable domains, such wearables define their own domain,
allowing designers to break with the limitations and pre-conceived notions attached to
disciplines such as fashion, textile design, HCI and electronic product design. New
functionalities require new forms, interactions and materials, as well as new approaches.
It is from the emerging relations between: context, form, function, material and
interaction-powered by the moving body-that a rich, experiential soft wearable design
may emerge.

Design Researchers engaged with this problematic use different approaches. Some
use the body and movement as a material. Wilde, Schiphorst & Klooster, for example,
meld performing arts and interaction design techniques in their research [13]. H66k
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and colleagues at Mobile Life, SICS and KTH use Mindfulness and Somaesthetics [21]
to develop theories and practices around core mechanics and experiential artefacts
[22]; Kozel and Hansen develop improvisational methods using dance and phenomen-
ology to design for intimacy [23, 24]; Andersen with Schiphorst [25], and Corness, also
with Schiphorst [26] use performance-based methods and performer technique to bring
focus to the knowing body. Stjernholm [27] looks at relations between the processes of
creating, performing, and perceiving aesthetic embodied practices with digital media.
Kirsh [28] explores the question of physical thinking, using the body as an instrument
of cognition, and Ross [29] uses aesthetic experience as a mechanism for design.

Other researchers focus on developing movement skills. Hummels, Overbeeke and
Klooster [30], for example, have long championed the need for the designer as move-
ment expert, foregrounding the expressive power of gesture. Djajadiningrat, Matthews
and Stienstra [31] stress the importance of skilled action when designing interaction,
bringing focus to the experience of use. Yet others focus on designing representations
of movement, evaluating the user experience, mapping interactions, or exploring sens-
ing technologies [32]. Ugur [33], for example, designed garments that can communicate
the emotions of the wearer as dynamic tangible interfaces and extensions of the human
body; and Jeon [34], has created dynamic tactile experiences that invite people to inter-
act for their own comfort.

Following, we describe, analyze and reflect on material, body and context relations in
soft wearable design through three projects developed during the Close to the Body
project, a 2013 collaboration between ESDIL,' IAAC? and TU/e.? In Close to the Body,
four multidisciplinary groups of design students spanning architecture, fashion and
interaction design worked together to develop three iterations of designs using identical
brief, process, facilities and skills. Ideation, material exploration, and prototyping was
different in each case. We highlight three designs: Open Up, Sound Embracers and
Trailblazer. To facilitate reflection on how collocated interactions might further enrich
situated and performative meaning-making with soft wearables, we focus on the role of
material explorations, the body and context in each design process. Using three itera-
tions of each wearable to represent 3 moments in unfolding time, we reflect on the
changes that occur in the relations between material, body and context as different foci
are foregrounded.

Material explorations
Open Up (Figs. 4, 5 and 6) is a symbiotic outfit that measures displacement, and
through material feedback, gives its wearer a new sense of the environment. The work
is inspired by animal behaviours. In particular, the methods animals use to attract each
other. The goal of Open Up’s first iteration (Fig. 4) was to support relaxation in the
mountains (for example through an enhanced experience of yoga). The prototype con-
sisted of a basic natural woollen felt t-shirt-like enclosure that served as a support for a
hand-actuated mechanism opening and closing wind catching nets. Moving the arms
expanded these wind-catching nets, creating an extended (physical) feeling of the air.
Physically connecting the hands and the net additionally made the wearer feel the
weight of the wind on their shoulders.

In the second iteration of Open Up (Fig. 5) the context of application shifted from re-
laxation in the mountains to the everyday activity of walking. Instead of feeling the air,
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Fig. 4 Open Up (v.1) is made of wind-catching nets. It relates to the body by creating an extended feeling
of air. Its context of use is relaxation

\

the wearer could feel their ‘personal’ space being transgressed by people around them
as they walked. Proximity sensors were used to sense approaching people. When a certain
threshold was breached, the garment changed shape. An automated mechanism attached
to the supporting structure would move two metal rods up and down, opening and clos-
ing the nets. The supporting structure on the body played a similar role in version 1 and
2, thus becoming the ‘red thread’ of the design. In the final iteration (Fig. 6) Open Up was
conceived as a cocktail dress that changes shape when people approach. The aim of this
version is to ensure the wearer is being noticed. The supporting structure was made using
black synthetic felt, with special cuttings to make it more fashionable. The “surprise”
opening-up effects are achieved using the same proximity sensors and moving rods from
iteration 2 but in this case the reaction is programed to be faster and more energetic.

The design process for Open Up relied heavily on material explorations of mecha-
nisms that can trigger movement: wind-catching nets, rods, and their attachment to
the body through a garment. The principle design action throughout was material ex-
plorations, undertaken on a table, then transferred to the body. As each new idea
emerged, the context of application and the role of the body shifted. Open Up began as
a relaxation aid that allows the wearer to feel at one with the environment. When the

context changed to walking in a city, the wearable’s use transformed into visualizing

Fig. 5 Open Up (v.2) is made of proximity sensors and laser cut felt. It relates to the body by letting feel if
something trespasses your ‘personal’ space. Its context of use is everyday life (e.g., walking on the streets)
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Fig. 6 Open Up (v.3) is made of proximity sensors, motors and moving rods. It relates to the body by
changing your siluette rapidly to be noticed. Its context of use is drawing attention in a cocktail party
A

the distance between the wearer and others. Finally, visualizing distance was used to
create a dramatic entrance effect in parties when approaching the crowd.

Framing the design process by means of material explorations allows a designer to
continuously try out new ideas, and thus expand the design space, or broad context of
use (e.g., relaxation, protection, cocktail dress). However, it doesn’t support decision-
making or depth. There is always a new context, a new application, a new idea that can
alter the design. Moreover, the concepts remain in an early stage, a first answer to a
challenge (e.g., what if it could...). In this approach, reasoning is driven by how
ideas fit with materials at hand, making it imagined but not lived. This process is
not uncommon in DIY communities where statements like wouldn’t it be cool to...
exemplify a continuous search for the ‘next cool thing’. Material explorations for
the sake of material explorations may thus avoid engaging in deep ways with personal

meaning and societal value.

Material explorations on the body

The second work we discuss here, Sound Embracers, is a kind of instrument that links
body movement to sound generation (Figs. 7, 8 and 9). This ‘garment-instrument’ con-
sists of a knitted collar (similar to a large scarf) with integrated knitted stretch sensors

Fig. 7 Sound Embracers (v.1) is made of a knitted cotton net. It relates to the body by supporting detailed
touch. Its context of use is exploring the environment
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Fig. 8 Sound Embracers (v.2) is made of a knitted net, stretch sensors, and speakers. It relates to the body
by constraining the arms. Its context of use is music performance

and small speakers. When used in live performance, the collar can be connected to an
amplifier or external speakers (like a guitar) to better enable amplification. The starting
point for the design of Sound Embracers was to empower an explorative behaviour by
triggering curiosity. While sitting down, constraining arm movements with a knitted
net helped focusing the attention of the designer on his/her fingers. This first person
experiment with felt-experience allowed for a detailed exploration of the environment
using the fingertips (see Fig. 7). The wearer’s sense of touch was enhanced by fore-
grounding texture, temperature and humidity rather than sight.

In the second iteration (Fig. 8), the experience of the net embracing the body became
so distracting that any notion of context disappeared completely. The focus moved
from playing with the fingers, to exploring the space that formed between the arms.
Stretch sensors were added to the knitted net to sense deformation of the collar and
transform it into sound. The intention was to create an object that would allow for the
combination of dance and music performance. In the third iteration (Fig. 9), the dia-
logue between the net and the arms was developed further, allowing the performer to
twist and turn the net. However, due to the difficulties of creating a functioning music

instrument (latency, accuracy and robustness issues) the knitted collar moved to the

| — j
Fig. 9 Sound Embracers (v.3) is made of a knitted net, stretch sensors and connects to a sound system. It

relates to the body by affording twisting and turning the arms. Its context of use is being a support
instrument in a performance
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background. The role of the wearable shifted. It became a support instrument to create
soundscapes and allow other instruments to take a leading role in terms of music mak-
ing. This shift gave bodily expression a central role in the music performance.

The design process behind Sound Embracers revolved around the relation between
the material properties and the body performance. The stretch qualities of the yarns,
the structure (openness) of the knit and the weight of the ‘instrument’ were in constant
dialogue with the body in terms of positioning, comfort, and expressiveness. As the
piece evolved, Sound Embracers moved from a light open knitted structure that en-
abled the fingers to move and open up the knit; to a closed, stretchy structure that sup-
ports twisting and stretching the knit without loosening it in order to create sounds.

Framing the design process by means of material explorations on the body brings
awareness to the personal intricacies that are necessary to move from designing an
object to be used, to an object to be worn. The body necessarily becomes part of the
emerging design, and in the case of Sound Embracers, part of the ‘instrument’s’
look, structure, and functionality. The continuous dialogue between the body and
the object allowed a continuous reshaping of the material properties embedded in
textile structure, and the body movement that these capabilities elicit. The result is
a performance where no single entity has meaning without the other. They cannot
be treated as independent.

Mastering interaction between the body and material risks reducing the importance
of where interactions take place. Interaction with design may be meaningful for the
wearer, but without context, the design cannot be situated. It is not a coincidence that
Sound Embracers ended up as a music instrument. Music performance closely relates
the player with the instrument. It creates an intimate bond between them. Mastering
this relation becomes a quest, detached from when and where it is practiced. The dis-
tracting power of the body is a red flag when designing wearables. Movements such as
Quantified Self [35] and research into Somaesthetics [21] offer a glimpse of the kinds
of self-reflexive and self-absorbed experience that are possible when the body becomes

the primary context for design.

Material explorations on the body in context

The initial goal of Trailblazer (Figs. 10, 11 and 12) was to support balance when
running up and down a mountain. The garment was constructed of a single piece of
insulation felt made of natural wool, laser cut using an industrial machine. It func-
tioned by connecting the wearer’s arms together across the upper part of the back
(Fig. 10) in a similar way to the upper part of a jacket. The intention was to create a
sturdy but playful shape that would fit the body and the action of running. In the
second iteration the context of Trailblazer evolved to a generalise notion of running:
in the city, the mountains, along a beach... For this version, the designers intro-
duced vibration sensors to not only support, but also guide the balance of the body
and the movement of the arms (Fig. 11). The placement of sensors was carefully
undertaken by analysing the movement of the body while running. For this iteration,
synthetic felt was used instead of natural felt because it emitted less odours when
laser-cut and the finish was better as synthetic felt doesn’t burn during laser cutting,
whereas natural felt does. In the final iteration (Fig. 12) it was discovered that cues
to guide balance may be experienced as cues to guide direction-taking, similar to when a
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Fig. 10 Trailblazer (v.1) is made of natural felt for insulation. It relates to the body by supporting balance. Its
context of use is running in the mountains

\

cyclist leans into the handlebar of their bicycle when they turn. This discovery prompted
the designers to evolve the context into navigating unfamiliar locations without the need
for a map. This new use transformed the design into a service where Trailblazer was one
part of a larger system. A shop and a web based interface for selecting running routes
were also developed in connection to the garment.

For some designers, framing the design process through: Material explorations on the
body in context may be experienced as constraining and difficult, particularly when the
designer lacks knowledge of the context they are designing for. In the case of Trail-
blazer, most members of the design team were avid runners. Their personal experience
allowed them to “remember” or “replay” the experience of running rather than imagin-
ing or discovering it for the first time. Yet even with contextual knowledge, there are
many things to consider when designing for specific contexts (e.g., size of the body,
comfort, friction, other garments used in complement, the weather, the chosen terrain,
performance and strength of body, as well as materials, possible distractions, length of
the run, etc.), and the view of the novice can bring much insight [36]. Requirements
that arise from ‘being there’ may seem overwhelming at first. Especially when the direc-
tion of a project is not defined. However, once initial frictions are resolved and the de-
signers are able to accept not knowing where they are heading, experiencing material

Fig. 11 Trailblazer (v.2) is made of synthetic textile for thermal insulation, and vibration motors. It relates to
the body by supporting and guiding balance. Its context of use is running in general




Tomico and Wilde mUX: The Journal of Mobile User Experience (2016) 5:3 Page 12 of 17

Fig. 12 Trailblazer (v.3) is made of technical textiles, and vibration motors. It relates to the body by guiding
direction. Its context of use is running & sightseeing

\

on a moving body in context creates a source of inspiration that is situated, embodied
and relational. The decision making process becomes tacit, one just “feels” if the mater-
ial, shape, or even the direction the project is going is the right one.

When a person is situated in context, they sense the environment through their body,
interact with garments through their body and fulfil goals using their clothed, acces-
sorised and thus augmented body in an intuitive manner. A designer’s augmented body
filters data, picking up what is relevant to the designer’s goals, including what might
impede these goals. By using their own bodies in context in this way, designers are able
to achieve the necessary intimacy and personal meaning-making required in worn
objects. Being in context also maintains focus on social value. A critique to this
hyper-localised approach might wonder if the resulting garment could be used in a
context other than the one it was designed for. Exploration of such questions can

enable a designer to focus their design decisions to arrive at appropriate outcomes.

Discussion

Situated, embodied, & connected: reflections on findings

Our aim in this article is to bring awareness to the personal intricacies that are necessary
to move from designing an object to be used, to an object to be worn. We advocate an
embodied, situated and connected approach to the design and use of wearables. As Galla-
gher explains, embodied ideation, communication and collaboration techniques enable
enhanced creative engagement and assist creativity [37]. His findings align well with Shus-
terman’s assertion that interaction outcomes are experientially richer when embodied
communication and discovery is integral to development [21]. While Christian Gértner
[38] discusses that there are clear limitations in the literature around social embodiment,
if we follow his view that the body is the ultimate locus of knowing, then situating the
body in a social setting can provide extended opportunities for enriched interactions.

In the previous section we analyzed three cases: Open Up (framed by the material),
Sound Embracers (framed by the material on the body), and Trailblazer (framed by the
material on the body in context), to demonstrate how a dialogue between theory and
practice can advance thinking, as well as inform practice. In this section we would like
to reflect on our findings as an early attempt to formalize an embodied, situated &
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connected approach to the design of soft wearables. The three cases presented here
each have their advantages and disadvantages. Comparing them better places us to
understand the implications of foregrounding different concerns when designing soft
wearables, in particular when we take into account the emerging opportunities and
challenges brought to light by each case.

Opportunities

Exploring materials on, with and through the body in context can allow meaning to
emerge directly from interaction with the material if one remains open to the unexpected,
looking to perceived “missteps” as inspiration. This approach can allow designers to de-
sign for the senses from the senses, opening the door for multisensory interactive qualities
and complex interrelations between the senses. In the presented cases, in the shift from it-
eration 1 to 2, Open Up (which neither used the body nor context to frame the design
process) lost its relation to the body entirely, shifting the focus from feeling the air around
the wearer to reliance on a sensor that measured proximity to others to activate the nets.
Sound Embracers (which used the body’s engagement with materials, not the context, to
frame the design process) switched the focus from the touch of the fingers, to the space
the knitted collar created between the arms and the body as it is stretched. Whereas,
Trailblazer (which used the body in context to frame the design process) enhanced the
wearer’s relationship with their running body by shifting the focus from maintaining bal-
ance to guiding. This development stemmed from an exploration of the materials on, with
and through the body in a clear context. The results were experienced as meaningful in
ways that the other two cases were not.

We believe it is crucial to understand that ideating on the body can allow a designer to
combine language with movement in abstract ways, and to think through and with the full
range of their movement capabilities and perceptions. Such explorations can assist the de-
signer to postpone the moment of defining outcomes, thereby extending the process of
not knowing to enable unexpected results to emerge. It can also allow the designer to be-
come personally experienced in the context with which their design is concerned, and to
relate functionality through both material and use by means of the body. To demonstrate:
Open Up was concerned with the concept of symbiotic relations detached from specific
actions. In contrast, Trailblazer was about running and Sound Embracers was about ex-
ploring the surroundings-both specific actions that required intense involvement of the
body. With each iteration, Trailblazer and Sound Embracers arrived at increased under-
standing of how to support these actions, each time becoming more specific.

Prototyping on the body can afford the emergence of functionality, giving value to
subtle experiences, small details, and elements that may otherwise be overlooked. It
can help a designer to identify which details to focus on, through access to direct and
instant feedback. It can allow for quick changes and iterations in an intuitive way, and
can help develop: a relational understanding of the chain of events, sensitivity to the
implications of changes, and an awareness of the subtle relations that any design expe-
rienced by the body may engender. While Open Up stayed quite conceptual throughout
and had to be wizard of oz’ed at the end, Sound Embracers was performed live at the
end of the project. It was used to provide a supportive sonic atmosphere for a
didgeridoo player during a concert. The prototyping of Sound Embracers focused on
technology development, rather than end usage. Once usage was determined, a musician
had to select the scale and selection of tones to map to the stretchiness of the kitted collar/
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scarf. In the case of Trailblazer, its motive “Just run” was developed at the end of the project
as communication material. Significantly, the team was able to maintain a strong focus and
direction over the three iterations without defining functionality from the beginning. They
also created a service that was in line with the experience the prototype could provide to

users. All was achieved by keeping the process embodied and situated.

Challenges

Restricting the focus to explorations between the body and material during design and
use reduced the importance of where interactions take place. In such cases (when be-
coming self-absorbed), interaction with the body may be meaningful for the designer/
user, but without context, the action cannot be situated. The typical reasoning in these
cases is the following: it doesn’t matter where the action takes place, it can be used
everywhere as the focus is on the body. Sound Embracers, for example, became a tool,
a musical instrument to support any kind of instrument for any kind of song. Without
realizing, the sounds and movements the designers were using for testing the prototype
become the context for development and use. Once a performer and place of presenta-
tion were found for the piece the designers had to completely redo the mapping so that
it made sense in the new context.

Ideation in context can be experienced as too constraining and can create a creativity
blockage. Ideation in context requires the designer to think inside the box rather than
outside the box. Doing so can, at times, feel like a dead end, and designers can become
frustrated on a personal level. Such moments require finding ways to disrupt the design
experience. The easiest solution, if the designer wants to keep an embodied approach, is
to change places or imagine other contexts (and lose the situatedness). Both Open Up and
Sound Embracers changed contexts after the first iteration. Living surrounded by nature,
feeling the space around and being in touch with the earth (soil, plants, animals, ...) trans-
formed into living in a city, being at a party, or performing in a concert.

Neither electronic nor mechanical structures fit well with the body. They are not typ-
ically designed to be used on moving, unprotected and unstable “surfaces” that include
elements such as skin and muscle structures that move. While this is changing, with
the advent of new, flexible materials, mechanical and electric engineers typically under-
take explorations and tests on a bench in a lab, because electronic components and the
elements of mechanical structures tend to be well suited to being fixed to hard surfaces
and worked on in a stable environment. Prototyping and testing electronics directly on
the body thus can be difficult. Doing so in context brings further challenges. In the case
of Open Up, for example, the programing and material explorations were done on a
table in a lab. The “body” used (the table), was static and horizontal and the context
(the lab), an enclosed area with people walking around. If the designers wanted to use
another body or context, they would have to imagine them from the ground up. However,
without leaving the lab, they would not be able to decontextualize themselves from the
lab. The lab, therefore will have an impact on the creative process.

Conclusion

The cases we analyse here provide insight into the roles of the body, materiality and
context for the design of soft wearables. They demonstrate that, while all elements are
key, context is essential for meaning-making, as it takes the wearer’s focus away from a
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self-absorbed (or materially absorbed) perspective into a social space. To realise such
outcomes the designer of soft wearables needs to move away from their drawing board
and immerse themselves-designing, prototyping and testing-in the contexts they envision
for use. Doing so affords direct engagement with the constraints that come from context,
the performing body, material properties and functionality, and enables designers to frame
‘meaningful’ design opportunities. The requirements that arise from ‘being there’ may
seem overwhelming at first. However, once initial frictions are resolved and the designers
are able to accept not knowing where they are heading, experiencing material on a moving
body in context creates a source of inspiration that is situated, embodied and relational.

To make the shift from studio to context, from rigid to soft, and from held or carried
to worn, we use HGI (Human Garment Interaction) as a counterpoint to HCI. Engaging
directly with materials, body and context to meet and recognise the challenges that come
up as opportunities, and develop rich, unexpected responses. To assist other designers to
follow this lead, we provide three broad recommendations:

1. Exploring materials on, with and through the body in context can allow meaning to
emerge directly from interaction with the material if one remains open to the
unexpected. This approach can allow designers to design for the senses from the
senses, opening the door for multisensory interactive qualities and complex
interrelations between the senses.

2. Ideating on the body can allow a designer to combine language with movement in
abstract ways, and to think through and with the full range of their movement
capabilities and perceptions. Such explorations can assist the designer to postpone
the moment of defining outcomes, thereby extending the process of not knowing to
enable unexpected results to emerge.

3. Prototyping on the body can afford the emergence of functionality, giving value to
subtle experiences, small details, and elements that may otherwise be overlooked.

Moving forward, the question we pose now is whether collocating interactions between
soft wearables may further enhance their potential to bring meaning to individual, as well
as social experiences. Will doing so further enrich the embodied, situated and connected
experiences their wearers engage in?

Following Linde [39], mobile and networked technologies are no longer “neutral
layers in urban living, but are rather an integrated part of the materialities of architec-
ture and urban planning, in the social dimensions of city life, and in emerging cultural
frameworks”. Wearables and mobile technologies may not be integrated materially into
architecture, but they are often momentarily integrated-physically, spatially, and so-
cially. The potential for them to have meaningful (even if ephemeral) impact in social
spaces enables what Castells [40] describes as a “space of flows”: a materialisation of so-
cial interaction, performed with and through the combination of technological and ma-
terial possibility and the networked communication that social, mobile and networked
architectures afford (as cited in [39]). This potential opens up the question of how
meaning can emerge in the interplay between people, soft wearables and place, in ways
that go beyond a consideration of a specific context. Doing so might “allow us to re-
engineer an infinite number of small scale relationships” [41]. At the same time: Might
the liminal spaces of sociality-the “complex entanglement taking place between citizens,



Tomico and Wilde mUX: The Journal of Mobile User Experience (2016) 5:3 Page 16 of 17

public spaces, and things” [42]-be designed to support the inherent, emerging and per-
formative potential of wearables that are soft, embodied, situated and connected? Our
intention now is to engage with these questions.

Endnotes
'Escola Superior de Disseny, Barcelona, S.
Institute for Advanced Architecture Catalonia, Barcelona, S.
3Technical University, Eindhoven, NL.
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