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Preface



1.1 Personal Motivation

The age of wearables has been a prophecy for decades, with visions such as the
disappearing computer (Weiser & Brown, 1997) bringing technology everywhere
around us. The miniaturisation of technology is reaching a point where we can
finally start to evaluate the results that this vision has brought us. Increasingly,
previously rigid and hard technology is being transformed and shaped to the
body: for example, in wristbands, activity trackers and glasses. With these
devices here, there is still one question that is mainly unanswered: how can these
close-to-the-body technologies create value for us as human beings? While
wearing my activity tracker during the day and clipping my sleep tracker to my
pillow by night, | personally still have not found the compelling reason to keep
using these systems. Waking up in the morning and checking my latest sleep
statistics, | cannot help but feel like an actor in a complex information system.

My activity tracker, which ended up somewhere in a drawer after a few months of
use, could only seduce me to admire its fancy graphs in the first weeks, but was
it truly giving me value and letting me connect to my bodily experiences? Can
these mass-produced products take an intimate role in our lives, and are the
design processes traditionally used for consumer products still sufficient?
Shouldn't we look for alternative design processes and new business models to
consider the personal impact of close-to-the-body technology?

| noticed during my experiences as Interaction Designer before this PhD project
that the subtleties we designed often would not make it to the end product in the
transition process from concept to market. For example, in 2010 | was working
with two other designers in a start-up to create intelligent lighting for consumers.
We made prototypes and had many ideas how these lights could help users in
their daily lives. However, transforming these design ideas into a business plan
that could show the unique value of our product to investors was a challenge
because we were unable to communicate the value proposition in the right
language. This will become even more urgent in the context of close-to-the-body
applications. An eclectic mix of disciplines such as electronic engineers, textile
engineers, fashion designers and service providers might have to work together in
order to realise a new product category, beyond the wristwatch or activity tracker.
It is my belief that the designer can have a large responsibility to take multiple
values and perspectives into consideration to come to economically viable and
socially relevant results. How can we design in this way, from a bottom-up
perspective, integrating people’s context and fulfilling the expectations of all the
stakeholders involved?

Within the field of Industrial Design there is a growing trend where products are
moving more and more into directions where services are integrated seamlessly
with their physical counterparts into intelligent systems. During my education as
an Industrial Designer | gained all types of knowledge and methodologies to bring
the user into the design process, to evaluate the experience for the end-user.
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Working as an Interaction Designer after my graduation opened up a new world,
where dealing with production partners, service providers or investors was as
important as designing for the end-user. | believe that in processes with multiple
partners it is not the role of the designer to just be a facilitator of this process,

but rather to engage in the project on an equal level with other partners with

our specific skills. A complex system inherently consists of many individual
perspectives, which makes it difficult to assign authorship and ownership.

My research approach, embedded within the Designing Quality in Interaction
research group, is inspired by phenomenology, embodied cognition and the
ecological theory of perception, which all take the body-in-action as a starting point
and which do not make the Cartesian mind-body division. Could the design
profession be helped with an embodied approach that would bring the designer into
contact with other stakeholders earlier in the project? Perhaps even using these
new constraints as a source of inspiration in the making and ideating processes?

| love to work with my hands to explore the interactive possibilities of products and
services: for example, by soldering electronic components, sewing textiles together,
or programming microcontrollers. Being able to engage with a design problem
through a material gives me the possibility to explore and enables me to reflect on
the result. Particularly when issues get complex, bringing it down to the essence
helps to keep things manageable. A few years before starting this PhD endeavour |
joined Microsoft Research for an internship. | made quick explorative prototypes in
the beginning of the process, and more elaborate and detailed ones to define the
exact interaction later in the process. This helped me to realise that this approach
not only gave direction to the process, but also opened up the process for other
researchers to critique and evaluate over time. Applying and building our own
specific design skills is crucial to be able to understand our own approaches and
then argue them to others. Wouldn't it be great if a prototyping approach can help
in these evaluation and decision processes, supporting all stakeholders involved in
our products and services (from producers, to users to designers)?

1.2 Thesis structure

My personal motivation started with my wondering how close-to-the-body
products and services can become truly meaningful to people’s lives, and how
these could become more closely connected to our bodily experiences than the
current approaches. The main question of this thesis is therefore:

How to design Embodied Smart Textile Services?

In this thesis | will argue that to come to these new types of products and
services, we need to come to an understanding of how prototypes are used in
the design process, collaboration and for embodied sense-making. In order to
investigate these multifaceted roles of prototypes | will divide my thesis into the
following chapters.
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Chapter 1 will provide the theoretical framework that is used in the succeeding
chapters. By discussing related work about Prototypes, Embodiment, Product-
service Systems (PSS's), Soft Wearables, Participation, Collaboration and
Communication, | will show the starting point that helped to frame the approach
of this research.

Chapter 2 describes the three Smart Textile Product-service Systems that have
been developed and function as the carrier of my PhD research: Tactile
Dialogues, Vigour, and Vibe-ing. By comparing these Smart Textile PSS's with a
selection of current state-of-the-art Smart Textile PSS’s on the market, | will come
to an overview of how personalisation of the material properties, personalisation
of the look, fit and feel of the textile object, and personalisation of the interaction
of the behaviour can help to transform Smart Textile PSS’s into Embodied Smart
Textile Product-service Systems (which | will call Embodied Smart Textile
Services). In the preceding chapters | will focus on a series of analyses that will
help to understand how these Embodied Smart Textile Services were designed.
This results in conclusions that could support future design processes.

Chapter 3 takes a perspective of looking at the role of the prototypes in the design
process: the scale of the Project. The goal is to get insight into the question:

How do prototypes support a bottom-up infrastructuring approach to design
Embodied Smart Textile Services?

I will be using autoethnographic accounts of how | experienced the design process,
specifically for the design of Tactile Dialogues. By tracing how the Service Interfaces
developed with each prototype iteration, | will conclude that the prototypes can
support the bottom-up infrastructuring approach by allowing a democratic design
process that is situated in context and creates quality on all levels.

Chapter 4 zooms in to the scale of the Community and focuses specifically on
the collaboration between the stakeholders that took place in six design meetings.
| will try to answer the question:

How do prototypes support sharing multidisciplinary knowledge between
stakeholders in an Embodied Smart Textile Services design process?

Here | will use protocol analysis methodologies to approach the question. This

chapter presents a study in which | zoom in on six design meetings that took
place between some of the stakeholders and me.
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Chapter 1: Introduction - Prototypes
Theoretical Framework - Embodied Interaction

Chapter 2: Scale of the PSS
Three exemplars of embodied Smart Textile Services (STS)

Challenge
Combining the intangible properties of services with smart textiles
| T )
) X 1 1L]- — 4~ Product-service Systems
Conclusion (
Embodied Smart Textile Services allow for: - —— - —— =+ |- — - — Smart Textile Services

- Personalizing material properties
- Personalizing the look, fit and feel of the textile object
- Personalizing the behaviour of the interaction

Chapter 3: Scale of the Project
How prototypes move the emdodied STS design proces forward

Challenge

How do prototypes support a
BOHOW-UD |nfrast_ructur|ng apprgach oo 1k - ~|- Participatory Design
to desgn\embodled Smart Textile Services

Conclusion

- Situated in context

- Quality at different levels (textile, process tools, people)
- Horizontal (Expert-to-expert)

Chapter 4: Scale of the Community
How prototypes enable an embodied collaboration
in the STS design process

Challenge
How do prototypes support
sharing multi-discplinary knowledge between stakeholders

: - - — - - - - = - === == = T — —|~ Collaboration
in alembodied Smart Textile Services design process

Conclusion

- Prototypes embed the knowledge of the different stakeholders

- Prototypes focus discussion about the content

- Prototypes make the knowledge meaningful and applicable for others

Chapter 5: Scale of the Stakeholders
How prototypes support embodied sense-making making during the
collaboration in the STS design process

Challenge
How do prototypes support
sensemaking between the stakeholders

- R e R - — — 1 - Sense-making
durlng\embodled collaboration in a Smart Textile Services design process

Conclusion

- To assess the tangible object

- To assess the imagined tangible object

- To assess the imagined future object

- To assess the imagined intangible object

Figure 1: Chapter structure of the thesis showing the relations between the different scales.
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This chapter concludes with explaining that prototypes support knowledge
sharing by means of embedding the knowledge, focussing the discussion and
making the knowledge applicable and meaningful to the other stakeholders.

Chapter 5 presents a detailed analysis on the scale of the Stakeholders and
focusses on sense-making moments during two of the design meetings. Here

I will look within the collaborations itself to investigate how prototypes supported
embodied sense-making between the stakeholders, answering the question:

How do prototypes support embodied sense-making during the collaboration
in a Smart Textile Services design process?

By using Conversation Analysis methodologies | will zoom in on moments during
the design meetings in which assessments were made as part of the sense-
making process. As a result, | will come to four different type of assessments in
which the prototype and the body play an important role.

Chapter 6 tries to bring all the insights from the previous chapters together to
come full circle, and answers the initial research question. This chapter structure
of zooming in on the different scales is visualised in Figure 1. Within the left side
of the rectangles, the changing scope of the chapters and the most important
conclusions are presented. On the right side, the relevant theory that frames the
chapter is shown.

Chapter 3, Chapter 4 and Chapter 5 provide in-depth analyses into their specific
scales in order to provide a constant presentation these are all structured in the
same specific manner. The Introduction section introduces the research
questions and provides background information from the specific research
community to frame the chapter. The Data Selection section provides information
on the dataset that is necessary to answer the research question selected. The
Data Documentation section explains how the data was documented during the
design process, and frames the context of how the data should be interpreted.
The Data Codification section uses the specific lens based on related research
from the chosen research community to codify and present the data in a specific
way. The Data Analysis section presents the actual analysis based on the
methodology linked to the research community. The Findings section brings
forward the important outcomes from the preceding analysis, and relates them
back to the initial data codification. The Conclusions section discusses the
outcomes of the data analysis and relates them back to the research question
set out in the beginning of the chapter.

Next to some of the photos in this thesis a QR code is displayed. These codes
can be scanned with a mobile device in order to display a short video clip.
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1.Introduction



| was trained as a designer in the Industrial Design Department of Eindhoven
University of Technology. This education provided me with a focus on the design
of intelligent products, systems and related services. Moreover, this taught me an
attitude in which creating prototypes plays a central role in the design process. A
prototyping approach supports me to integrate materials, technologies, software,
and social and cultural contexts in order to come to new propositions and to
confront end-users and other stakeholders with new ideas and technologies.
This approach is theoretically grounded within the research and teaching of the
Designing Quality in Interaction (DQI) research group within the Industrial Design
Department. This led me to follow a research-through-design process, an iterative
transaction between design and research (Frayling, 1993; Zimmerman et al.,
2010). In this process, scientific knowledge is generated through, and fed back
into consequent cycles of designing, building, and experimentally testing
experiential prototypes in real-life settings (Hengeveld 2011). This process

was deeply connected to an approach that starts from human skills, such as
perceptual-motor, cognitive and emotional skills, leading to approaches such

as Embodied Interaction (Dourish, 2001) to inspire the design process.

My PhD research is embedded in the Dutch Creative Industry Scientific Program
(CRISP, 2015). The main focus of the programme is to create knowledge to
validate and support the strategic role of creativity in innovation for society and
the economy, particularly by means of designing Product-service Systems.

The Smart Textile Services project within CRISP focuses on integrating existing
knowledge from the separate domains of textiles (soft materials), technology
and services. Smart textiles, which combine soft materials and electronics, may
invigorate both the textile and high-tech industries by creating a new product
group named Smart Textile Services.

In order to achieve this vision, the research programme aims to generate
knowledge about how universities, service providers and industry partners can
collaborate in creating these Smart Textile Product-service Systems. Research
about collaboration processes from fields such as Participatory Design and
Participatory Innovation helped as inspiration and a starting point to the approach
within the consortium to involve all stakeholders. Studies of collaborative design
and teamwork helped in providing the lens to understand how the knowledge
sharing between these multiple disciplines worked in practice. Finally | will look
at topics such as sense-making to understand better how meaning is created
between stakeholders within these collaborative processes.

In the following sections | will discuss the topics introduced in the text above in
more detail: Prototypes as part of my approach, and Embodied Interaction as
theoretical inspiration for the Product-service Systems to develop with a focus
on Smart Textile Services. This design process is based on Participatory Design
processes, and the collaborative design that followed between the multiple
disciplines, leading to sense-making between the stakeholders.
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1.1 Prototypes

Prototypes and prototyping are widely recognised as important means by which
designers explore and communicate what it will be like to interact with future
products, systems and services (Buxton, 2007; Houde & Hill, 1997; Lim,
Stolterman, & Tenenberg, 2008). In my work | will make a difference between
prototypes and prototyping. Prototypes are representative and manifested forms
of design ideas; prototyping is the activity of making and utilising prototypes in
design. | am interested in this distinction because the two states often go
seemingly from one to the other: when a prototype is finished, the next phase of
prototyping already starts to create the next prototype. To understand better how
prototypes play a role in the design of PSS's, | will discuss some of the roles of
prototypes that have been identified in previous design-related studies. This
overview provided me with a stepping stone of how the prototypes can play a
role in the design process. In the conclusions of each chapter | reflect further on
how the theories contributed to my findings.

Houde & Hill (1997) argue that selecting the focus of a prototype is the art of
identifying the most important open design questions, using the prototype to ask
questions such as: What role will the artefact play in a user’s life? How should it
look and feel? How should it be implemented? This leads to a model describing
three important dimensions related to the design of an interactive artefact: role,
look and feel, and implementation. Prototypes focussing on the role aim to
investigate and demonstrate questions of what the design could do for a user.
Prototypes focussing on the look and feel explore and demonstrate options for the
concrete future experience of the design. Prototypes focussing on implementation
try to answer technical questions about how a future design might actually be
made to work and to demonstrate technical feasibility. This model aims to help
designers to be explicit about what design questions must be answered, and is
an essential aid to decide what kind of prototype needs to be built.

Lim et al. (2008) emphasise that the role of prototypes typically goes beyond
tools for evaluation of design failure or success. They state that the prototypes’
primary strength is their incompleteness, which makes it possible to examine an
idea’s quality without having completed the final design. Prototypes are a means
to organically and evolutionarily learn, discover, generate, and refine designs.
With their anatomy of prototypes they define two important roles that prototypes
can have: prototypes as filter, and prototypes as manifestation. By using
prototypes as filter, certain aspects of a design idea that a designer tries to
represent can be more emphasised: for example, appearance, data usage,
functionality, interactivity and spatial structure. Prototypes as manifestation are
related to the variables that must be considered in exploration and refinement of
the design, such as materials, resolution and scope. Their prototypes model is
very relevant for us as designers as it helps us to be more cautious about which
questions we are trying to address by making a prototype.
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Experience prototypes aim to understand, explore or communicate what it might be
like to engage with the product, space or systems we are designing (Buchenau &
Suri, 2000). The goal is to enable thinking about a design problem in terms of an
integrated experience, rather than one or more specific artefacts. Experience
prototypes can play a role in three key ways in the design process. Firstly, by
helping to develop understanding about the essential factors of an existing
experience. Secondly, by exploring and evaluating ideas to provide inspiration,
confirmation or rejection of these ideas. Thirdly, by communicating issues and ideas
to provide common ground to establish a shared point of view. Buchenau & Suri
(2000) conclude that the value of this particular approach lies more in the
prototyping attitude, which asks for a blending of multiple disciplines and a low-
technology mindset.

Another role of prototypes is that they support the integration of knowledge from
different disciplines during the design process. In multistakeholder collaboration the
design needs to make sense to the stakeholders, based on their own perspective
(Bucciarelli, 1994). Star & Griesemer (1989) describe Boundary Objects as
artefacts that are flexible enough to accommodate different interpretations by the
various stakeholders involved in the process, yet robust enough to maintain a
common identity across all social contexts. This is a powerful concept because it
can enable stakeholders to attribute their own meaning to objects, although they
have different professional languages and competencies. This can help in
communication between stakeholders, to inform people across boundaries. In their
seminal work, Star & Griesemer (1989)

did not directly discuss how prototypes could function as a Boundary Object.
However, the use of prototypes has been further studied: for example, their

ability to transform knowledge in new product development (Carlile, 2002).

Conscription Devices have in common with Boundary Objects that they help in
communication across boundaries of different stakeholders. However, they go one
step further as they also enlist the participation during the design process, since
stakeholders can take part in generating, editing and correcting (Henderson, 1991).
Heoltta (2013) further shows that Conscription Devices enable linkages between the
meaning of the object and the knowledge of the network around

the object, and enable them to play a role in the organising of networks; they also
provide assistance for reasoning, reflection, and the linking of items in new ways to
facilitate new discoveries from the shared insights. Conscription Devices need to be
modifiable and need to be modified as a result of the discussions surrounding it.

Provotypes are prototypes used to provoke reactions and insights, designed to
expose taken-for-granted aspects of users’ values and practices (Mogensen, 1992).
A recent study of prototypes in the field of Industrial Design showed that Provotypes
can serve as platforms for collaborative analysis and exploration of

a design space (Boer & Donovan, 2012). By embodying tensions in the area of
interest the designer can use prototypes to drive dialectic processes of change.
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An overview of the roles of prototypes found in other studies is shown in Table
1.1. These roles will be used in the thesis to ground my own findings with existing
uses of prototypes.

functional, hierarchical,
and organisational
boundaries

communication

robust enough to

maintain common

identity

Name Purpose Role of Variables Key
prototype Source(s)
Prototypes Language to enable Prototypes Role, look and feel Houde & Hill
as questions | designers to make to ask design and implementation | (1997)
better decisions about | questions
the kind of prototypes
to build
Anatomy of Means to organically Prototypes Filter (appearance, Lim et al.
prototypes and evolutionarily learn, | to traverse a data, functionality, (2008)
discover, generate, design space interactivity and
and refine designs spatial structure),
manifestation
(materials,
resolutions and
scope)
Experience Enables designers, Prototypes to Understanding, Buchenau &
Prototypes users and clients emphasise the exploring, Suri (2000)
to gain first-hand experiential communicating
appreciation of existing | aspects
or future conditions
Boundary Represent, understand, | Prototypes to Flexible enough Star &
Objects and transform support cross- to accommodate Griesemer
knowledge across disciplinary different meanings, | (1989),

Carlile (2002)

Conscription | Provide the means Prototypes Enlist participation, | Henderson
Devices for stakeholders to conscribe network (1991), Holtta
to participate participation organisation (2013)
in constructing
information
Provotypes Driving dialectic Prototypes Embody tensions Mogensen
processes of change to provoke (1992), Boer
reactions and & Donovan
insights (2012)

Table 1.1: Overview of roles of prototypes.

1.2 Embodied Interaction

Within the design and human-computer interaction community, a body of
literature is emerging around embodied interaction (Dourish 2001): for example,
through theoretical frameworks such as ethnomethodology, activity theory,
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Gibsonian (ecological) psychology, actor-network theory, and distributed
cognition (Svanaes, 2013). Within my approach | will take the body-in-action

as a starting point, as opposed to the Cartesian mind-body division, inspired by
theories such as phenomenology and embodied cognition (Canavesio, Redlich, &
Ruspoli, 2010). Before starting to investigate how the notion of embodiment
plays a role in design, | will introduce these philosophical foundations.

The phenomenological approach of Maurice Merleau-Ponty (Merleau-Ponty,
2012) argues that our existence in the world and self-awareness arise from the
interaction with the physical world and with other people. This being-in-the-world
means that all our subjectivity and experiences are based on our body as a
general medium for having a world. Based on Merleau-Ponty’s analysis, Hubert
Dreyfus divides three modes of how embodiment plays a role in our lives: innate
structures, basic general skills, and cultural skills (Dreyfus, 1996). The first mode
refers to the actual shape and innate capacities of the human body. People have
arms, legs and a certain size. The second mode refers to our skills for coping with
artefacts. As we encounter different situations to act upon, our skills get more
refined and our responses become more skilful. The third mode comes from our
experience and grounding with the cultural world to provide context. These are
mainly interactions that have been learned, and not necessarily directly related to
how our bodies are built. The world we perceive is based on the possibilities to
interact with it through our bodily and learned cultural skills.

For example, as Industrial Designer when | take a piece of fabric | might say,
|“This textile has a certain elasticity: integrated in a garment it might limit the body
movement, making it perfect for physical therapy applications”. On the other hand,
a knitting technician might feel the textile and say, “To produce this knit a gauge
6.2 flatbed knitting machine was used, to knit a combination of mesh jacquard,
intarsia and float jacquard”. This shows how our different knowledge and relation
with materials affect how the world shows itself, and how it invites us to act.

What | want to emphasise with this reflection is that in my understanding
embodiment goes further than just corporal and material characteristics within
interaction. Our being-in-the-world cannot be separated from our bodies. We
encounter, interpret, and sustain meaning through our interactions with the world
and with each other. This aligns with Dourish’s account of embodied interaction,
which includes its corporal, situated and social nature (Dourish, 2001). He further
claims that embodied interaction is not simply the form of interaction, but rather
“an approach to the design and analysis of interaction that takes embodiment to
be central to, even constitutive of, the whole phenomenon” (Dourish, 2001, p.
102). This is a crucial insight, since Dourish here argues that, for interactions to
be embodied, the design process needs to be embodied in the first place.

Another element being discussed in the context of embodied interaction is the

relation that we have with our tools (Dourish, 2001). Heidegger (1962) talks
about embodiment in terms of present-at-hand and ready-to-hand (‘vorhanden’
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and ‘zuhanden’). Where in the beginning we struggle with our tools, learning how
to use them and ‘make them ourselves’, our tools are considered present-at-hand.
At some point we learn how to use them: they become a part of our body and allow
us to express ourselves fluently, resulting in a ready-to-hand way. Heidegger
argues that in this ready-to-hand state tools move to the background of our lives,
become part of the fabric of our lives and situated in our context. This means also
that many of the materials in our environment cannot be easily disconnected from
the person. A sewing machine has a totally different way of opening up possibilities
for a professional seamstress, while, for example, for me it can be a tedious
machine, being very much present-at-hand. For the seamstress all the social
relations and all the interactions are part of the interaction with the machine; the
technology behind it is transparent and it is about how the machine affords the
seamstress to change the world. My research-through-design process is deeply
inspired by Embodied Interaction and its underlying theories: later in this thesis |
will relate the findings of my research to these aforementioned theories.

1.3 Product-service Systems

The role of products and services has changed tremendously in recent years.
Philips Design (Gardien, Djajadiningrat, Hummels, & Brombacher, 2014; Rocchi &
Brand, 2011) has defined four economic paradigms to explain different ways to
think about value creation. In the Industrial Economy this is mainly achieved by
the acquisition of products that fulfil functional need. In the Experience Economy
branded products are used by consumers to express their lifestyle and associate
themselves with particular social groups. The Knowledge Economy flourishes due
to technologies such as web communities, where open innovation processes can
take place that build upon user-contributed knowledge. An important thing to take
away from their framework is the currently emerging Transformation Economy in
which industry, government, academia and local user communities will need to
collaborate to create local solutions that contribute to the larger whole, particularly
in relation to the understanding of societal value and ethical economic value.

These four paradigms indicate a shift taking place in the way that value is
created, and will require companies to keep adapting and revalidating their value
propositions (Morelli, 2009). Traditionally products and services have been
developed based on different methodologies and approaches. Goods-dominant
Logic in New Product Development (NPD) and Service-dominant Logic in New
Service Development (NSD) are two different perspectives in organisations
(Vargo, Maglio, & Akaka, 2008). Both have been well documented, the former
from a product design perspective (see, for example, Ulrich & Eppinger, 1995),
the latter from a management perspective (for example, Scheuing & Johnson,
1989). An important element that distinguished services from products was that
they were considered intangible and therefore “cannot be touched, tried on for
size, or displayed on a shelf” (Shostack, 1977, p. 75). In the last two decades
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Service Design has emerged as an interest within the design community. Service
Designers now have an extensive set of tools and methods at their disposal
based on fields such as Ethnography, Information Management science, and
Interaction Design (Blomkvist, Holmlid, & Segelstrém, 2010; Pacenti & Sangiorgi,
2010). Morelli (2006) divides these service design tools into three categories:
identifying the involved actors and stakeholders; envisioning the service; and
representing the structure of the service. Most of these tools are based on the
development of conceptual maps of the service: for example, mapping the service
flow in a service blueprint, or the interaction between customer and service
provider in a customer journey (Schneider & Stickdorn, 2010). This introduces

a risk, because the designer and other stakeholders have to define the service by
a top-down approach: defining the service with a select group of stakeholders
before it is actually situated in the context. Therefore, one of the main challenges
of designing services is to prototype and test the service before it is actually in
use. Acting out scenarios and service walkthroughs are approaches that can help
to communicate and test the experience of the service during its design process
(Blomkvist, Aberg, & Holmlid, 2012).

Product-service Systems (PSS’s) combine the design of tangible products and
intangible services, so that they jointly are capable of fulfilling specific customer
needs (Goedkoop, Halen, Riele, & Rommens, 1999). They are complex solutions
whose design requires the consideration of multiple aspects, such as technology,
development actors, users and context (Morelli, 2002). In most literature about
PSS’s most classifications make a distinction between three main categories
(Tukker, 2004): product-oriented services (products are sold, but extra services
are added); use-oriented services (product is not the centre of the business
model, but in the ownership of the provider and can be shared by multiple users);
and result-oriented services (client and provider agree on a result, with no
predetermined product involved). These three categories of Product-service
Systems have existed in the textile industry for a longer period. For example, the
damask weaving company “W.J. van Hoogerwou and Zonen” (Figure 1.1 shows
one of their tablecloths) was offering product-oriented services in the mid-19th
century (Pel, 1997). Besides producing and selling tablecloths and napkins, the
company also had a laundry service. For an additional fee the clients could bring
the product back to the company where everything was professionally cleaned,
ironed and packaged. Examples of result-oriented services are companies
specialising in hygiene services: for example, CleanLease (CleanLease, 2016)
and Synergy Health (Synergy Health, 2016). These companies offer a more
hygienic environment as a service for their clients. To achieve this goal, textile
products are included in the service: for example, by providing pick-up/drop-off,
cleaning and maintenance for the textiles. In these examples it is visible that
already in these early Product-service Systems the product was not standing by
itself: services such as cleaning or even taking over the whole laundry process
form a large part of the experience for the customer.
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Figure 1.1: W.J. van Hoogerwou and Zonen Damask Weaving. Photo: TextielMuseum.

These PSS’s show new value relations between users, producers, service
providers and other stakeholders, where vertical product chains are transformed
into value networks existing between several companies that collaborate for the
development of specific products and services (Pawar, Beltagui, & Riedel, 2009).
Challenges for these networks can be the need for unification of discrete product
and service elements, and also the need for firms with competing motivations to
vertically integrate or outsource activities (Williams, 2007). Another challenge
within PSS'’s is the ‘one-person — one product’ approach which is slowly
changing in favour of the ‘multiple-nodes’ approach of complex systems (Frens &
Overbeeke, 2009). The ability of the components in the PSS to adapt to the
interconnections with other products, other services and different users forms the
total experience for the user. This relates to the concept of Smart PSS's, in which
a smart product is integrated with an e-service to jointly dress the needs

of the consumer (Valencia, Mugge, Schoormans, & Schiffenstein, 2015).

1.4 Smart Textile Services

Smart textiles are a type of smart material that have the ability to sense their
environment or external stimuli, and can respond to these events by adapting their
behaviour to it while maintaining some of the intrinsic properties of traditional
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textiles (Cherenack & Pieterson, 2012). Technological developments in textiles
and technology make it possible to augment the existing qualities of textiles with
sensing capability (for example, measuring touch, stretch, movement, light,

and sound) and actuation capabilities (for example, changing heat, colour, light,
and shape). The development of smart textiles has traditionally been pushed by
technologically driven disciplines. In the last decade designers on the forefront
of working with smart textiles have posed the question as to why we want our
fabrics to be electronic (Berzowska, 2005; Quinn, 2010; Seymour, 2008).
Important elements in reaction to this question are a focus on intimacy of
technology on the body, using the fabric as playful disguise, for personal
expression, and possibilities for experimentation (for example, Figure 1.2).
Currently, Soft Design approaches are being explored for smart textiles and
wearables to put forward a focus on the material explorations, the body and the
context in order to understand wearables focussed on context and meaning-
making (Tomico & Wilde, 2015).

Figure 1.2: One of the earlier experiments of using smart textiles for self-expression — Bubelle by Lucy
McRae for Philips (2006). Photo: Philips Design.

The value of smart textiles for the end-user is also being investigated by looking at
how societal and commercial adoption of smart textiles evolves (Schwarz, Van
Langenhove, Guermonprez, & Deguillemont, 2010). From this analysis it is visible
that the interactive nature of smart textile properties can be added to an

26 —— Chapter 1. Introduction



application to further personalise it to each customer. By combining intangible
properties from services (for example, the ability to measure and store data or change
the functionality of a material over time) it becomes possible to tailor smart textiles to
individual users. Smart Textile Services are a type of Product Service System where
the value for the end-user is achieved by combining an interactive physical component
(the smart textile) with intangible components, such as digital data or interpersonal
relations. The combination of services and smart textiles can enable the textile and
clothing industries to create value propositions with increased personal meanings and
product attachment for the user (Niinimaki & Hassi, 2011). Smart Textile Services go
beyond a material and often imply connections between the vertical textile chain (from
production to end-user), but also collaborations with technology manufacturers and
service providers. In order to achieve these collaborations, new types of design
processes are necessary which will allow all the stakeholders to integrate their
expertise and skills into a new Smart Textile Service proposition.

1.5 Participatory Design

Industries are constantly evolving and changing how they function, driven

largely by economic considerations and the advent of Information Technology. Much
of the production can be outsourced or automated, which introduces a

gap between production and consumption and makes it harder than ever for
consumers to relate how products are made. The textile industry is a clear example
in which much of the production is outsourced to lower-cost countries such as
China, India, Pakistan and Bangladesh (Kumar & Samad Arbi, 2007). Participatory
Design tries to intervene in these processes, promoting instead that the user, social
context and surrounding material culture should be central to the considerations and
processes of design (Bannon & Ehn, 2012; Bedker, 1996; Kensing & Blomberg,
1998). This approach has its original roots in the 1970s during the first wave of
outsourcing, where it sought to empower those affected by a design (often the
weak stakeholders such as local trade unions) to have a say in the design process
(Ehn, 2008). Halskov & Hansen (2015) identified five major themes within the field
of Participatory Design through an analysis of one decade of publications within the
community. These themes consist of: politics (people who are affected should have
an opportunity to influence decisions), people (being experts in their own lives and
thus playing a crucial role), context (use situation as starting point of the design
process), methods (empowering users with methods to gain influence in the design
process) and product (the goal of participation is to improve the overall quality of
life). For me these themes lead the way to a point of departure for the participatory
development of PSS's, in which embodiment is emphasised as a fundamental
element of the design approach: an embodied perspective where the people who
are influenced by the design take a driving role in the design process and a first-
person perspective as expert, an embodied perspective in which the design
process is situated in the actual in-use context.
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An important development in Participatory Design processes is the move from the
current projecting (or “design for-use, before-use”) principle to infrastructuring
approaches that can trigger “design after design”. Ehn (2008) argues that current
design processes such as user-centred design, contextual design, experience
design and also Participatory Design aim to design for use cases, before actual
use has taken place. Infrastructuring approaches focus on growing designing
possibilities for future design, in order to come to a more inclusive approach
where the boundaries between use, design, implementation, modification,
maintenance, and redesign are blurred (Karasti, 2014). Infrastructuring enables
open-ended, long-term and continuous design processes where diverse
stakeholders can innovate together by flexibly joining resources and time
(Bjogvinsson, Ehn, & Hillgren, 2012).

Another important factor in Participatory Design processes is to identify who should
be considered as a legitimate participant in the design process. Is it only the users?
Other people involved in the vicinity of the user who are involved in the value
creation product or service? Or should the manufacturers and technicians on the
factory floor also be considered? Lindtner, Greenspan, & Li (2015) question the role
of the actual people involved in manufacturing processes in China. Through their
study they bring forward the observation that the division between production and
designing (because of manufacturing outsourcing) actually separates the designer
from the embedded and embodied practice of production and the tacit knowledge
that is essential to cultures of production. They advocate a Participatory Design
practice not only with a deep engagement with the social context of the users, but
also with the material and social conditions of contemporary productions. In general,
Participatory Design emphasises that existing skills can be made a resource in the
design process: making the participants’ ‘tacit knowledge' come into play in the
design process (besides their formal and explicit competences) (Ehn, 1993).

This finding resonates well with the Participatory Innovation approach (Buur &
Matthews, 2008, 2011). Within this approach a shift is described from design to
innovation, in which elements beyond the end-user are recognised, such as the
market reception of a product, its contribution to a company’s turnover and its
novelty (for example, in function, interaction, production process, market segment
appeal, etc.). They point out that in order for a product to be innovative and
successful on the market, it is necessary to address these issues. Participatory
Innovation seeks to combine the strengths of Participatory Design and design
anthropology, while expanding towards a market orientation. Buur & Matthews
(2011) argue that a Participatory Innovation process is a “dedicated activity that
takes people’s practices and needs as a starting point to generate business
opportunities in the form of products and services” (p. 268). These processes serve
two goals: 1. To inspire company employees to reflect on product, producer role
and company identity through the knowledge about customers; and 2. To create
business opportunities in the form of product/services concepts that relate to a
market.
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1.6 Collaboration

Product-service Systems are typically developed in heterogeneous networks of
Small and Medium Enterprises (SMEs) and larger organisations (Henze, Mulder,
& Stappers, 2011). The challenge of this networked way of collaborating is that
companies have to adopt new innovation methods, which require people, who
come not only from different disciplines, but also from different organisations
and companies, to design together (Bergema, Kleinsmann, Valkenburg, & Bont,
2010). At its core of designing complex Product-service Systems, such as
Smart Textile Services, fundamental challenges can be identified that deal with
collaboration. Telier et al. (2011) discuss the most important contextual
challenges that interdisciplinary teams will face:
— A complex environment, because many projects cross the boundaries
of several organisations, stakeholders, producers and user groups
— Projects that have to meet the expectations of many organisations, stakeholders,
producers and users
— Demands at all levels within production, distribution, reception and control.

In order to face these challenges related to boundaries, expectations and demands,
a collaborative design effort is required. Collaborative design efforts are typically
characterised by a process in which stakeholders have to create shared
understanding, and eventually explore and integrate their knowledge to achieve the
larger common objective (Kleinsmann & Valkenburg, 2008). The specific challenge
in the context of Smart Textile Services is that the design and production
processes of separate disciplines, such as textiles, technology and services,

have to be combined in an integrated Product Service System. Stakeholders have
difficulties in establishing effective knowledge flows, mainly because they normally
lack a shared history of working together, a shared knowledge base, or methods
to create, store and share information and experiences (Bertoni & Larsson, 2010).
Therefore it is hard for stakeholders in networked collaboration projects to know
what knowledge to share, how to share it, and whom to share with it (Bergema,
Kleinsmann, Bont de, & Valkenburg, 2011).

An additional challenge for stakeholders with backgrounds is that their language
is rooted in different worlds. In the specific project all the stakeholders might be
able to talk Dutch with each other, perhaps with different accents or dialects.
However, all disciplines also use language fixed in their own object world: worlds
where specific scientific/instrumental paradigms fix meaning (Bucciarelli, 2002).
In these worlds ordinary language is spoken in such a specialised way, as if a
stakeholder is speaking a different language. For example, the textile developers
use the Dutch word for “report” (rapport) to indicate the specific configuration
of the needles in the circular knitting machine that was used to knit a specific
pattern. Within my object world as a designer, “report” would have a different
meaning, indicating mainly a textual overview of a certain process.
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This short literature overview showed that the largest challenges for collaboration
are related to crossing boundaries, managing expectations and meeting demand.
Within these challenges, knowledge sharing and integrating knowledge are two
major requirements that need to be met within a collaborative design process. In
order to share knowledge it has to be mentioned that language can have different
meanings depending on the object world a stakeholder comes from.

1.7 Sense-making

The literature about collaboration and embodiment shows that language can
have a different meaning for all stakeholders. This raises the question how within
a collaboration the stakeholders can come to decisions about which direction to
take in the design process. This process has much to do with sense-making:
the creation or appreciation of meaning. | will approach sense-making from an
embodied perspective, following the notion that sense-making is not exclusively
defined by individual cognitive mechanisms. De Jaegher & Di Paolo (2007)
argue that participatory sense-making is a shared process grounded in ongoing
embodied and situated interactions in a shared action space. This follows the
concept of Situated Cognition theory, which describes how people embedded in
a sociocultural situation continuously coordinate their own actions in relation to
those of others (Suchman, 2007).

Hummels & Dijk (2015) bring forward an approach to apply phenomenology-
inspired embodied theory into practice by providing seven design principles:
social situatedness (placing the interactions in the context which is valuable for
the stakeholders); scaffolds (tools and props in the environment used to enable
creative thought and solve problems); traces (physical traces of the interaction
guide the way people interact with one another); interactive imagery (triggering
imagination to stimulate ambiguity and openness); dialogical system (acting
face-to-face, coordinating with each other, and co-adapting to each other);
first-person perspective (creating engagement, empathy and engagement
through a first-person perspective); and catalysing engagement (triggering bodily
engagement through catalysers). These principles are based on eliciting
sensorimotor couplings in order to support social coordination between participants.

Within my process | will operationalise the process of embodied sense-making
through theories of co-reflection. Co-reflection is a collaborative critical thinking
process which aims to trigger sharing knowledge, intersubjective understanding
and relationship building between people (Yukawa, 2006). In related studies this
method has been applied to reflect on different ideas during meetings with multiple
stakeholders to change the frame of reference for both stakeholders and design
researchers (Tomico & Garcia, 2011). Co-reflection consists of an exploration, an
ideation, and a confrontation phase (Tomico, Frens, & Overbeeke, 2009).
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1.8 Summary

Within this chapter | have discussed the theoretical foundations to frame my
thesis. | started with introducing different roles that prototypes can play in the
design process, for example to explore the design space, cross boundaries or
drive processes of change. After that | continued with introducing an embodied
approach towards Industrial Design which is based on corporal, situated and
social elements. | continued with describing how the distinction between
products and services is fading into Product-service Systems, where products
and services jointly fulfil the customers’ needs. A specific type of Product Service
System is found in Smart Textile Services where the value for the end-user is
achieved by combining an interactive physical component (the smart textile) with
intangible components, such as digital data or interpersonal relations. More
examples of Smart Textile Services and the notion of Embodied Smart Textile
Services will be introduced in the Scale of the PSS (Chapter 2).

In order to develop these Smart Textile Services many different skills and
perspectives of stakeholders need to be integrated. | introduced five themes of
Participatory Design (politics, people, context, methods and product) in order to
give direction to an embodied process. | will go into more depth on how the
Participatory Design approach played a role in the Scale of the Project (Chapter 3).

Theory about design collaboration gives more depth into why multidisciplinary
collaboration breaks down, and how sharing knowledge is critical to mitigate
these difficulties. | will take a detailed look at the collaboration process during
design meetings in the Scale of the Community (Chapter 4).

Finally, I introduce sense-making techniques, particularly in relation to embodied
sense-making, to clarify my approach as to how knowledge could be shared and
how different stakeholders create meaning in collaboration. Co-reflection is
introduced as a method to share knowledge and intersubjective understanding.

I will discuss how sense-making played a role during the interpersonal
interactions within design meetings in the Scale of the Stakeholders (Chapter 5).
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(Tactile Dialogues, Vigour, Vibe-ing)

This chapter is based on the following publications:
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and health monitoring (pp. 155-175). Cambridge, UK: Woodhead Publishing.

Schelle, K. J., Gomez Naranjo, C., ten Bhémer, M., Tomico, O., & Wensveen, S. A. G. (2015). Tactile
dialogues: Personalization of vibrotactile behavior to trigger interpersonal communication. In Proceedings of
the 9th International Conference on Tangible, Embedded, and Embodied Interaction (pp. 637-642). New
York, NY: ACM Press.

ten Bhomer, M. ten, Jeon, E., & Kuusk, K. (2013). Vibe-ing: Designing a smart textile care tool for the
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2.1 Challenge

Smart textiles benefit from the intrinsic properties of textiles, such as the flexibility
to conform to the body, comfort to touch, softness, wearability, and familiarity
(Black, 2007). This offers tremendous opportunities for applications on and
close to the body, for example in well-being and healthcare contexts such as
rehabilitation. As discussed in the previous chapter, embodied interaction can
relate to a corporal, situated and social nature. Within the disciplines of textiles
and healthcare there is a natural tendency to start from an embodied approach.
The textile industry revolves around materiality: practitioners working in the textile
industry are, for example, trained to evaluate the “fabric hand”. This includes
tactile elements such as stiffness, roughness and thickness (Winakor, Kim,

& Wolins, 1980). Healthcare practitioners strongly emphasise the bodily abilities
of their clients (physical rehabilitation, movement). However, when services are
being connected there is a tendency to disconnect the body and materiality from
the service design process. The influence of embodiment, emotions and the
phenomenological significance of ways of expression about the service are an
aspect not widely recognised: service research has always focussed on an
information process approach (Kiipers, 2013). Consider, for example, sensor
devices that track physiological data: very often there is no direct reciprocal
interaction with the body, with neither the context nor the social environment.

Smart textiles are becoming more integrated with service ecosystems and will
extend the tangible properties of textiles with the intangible properties from
services. Smart Textile Services are a type of Product Service System where
the value for the end-user is achieved by combining an interactive physical
component (the smart textile) with intangible components, such as digital data
or interpersonal relations. This interaction between the service itself and the
end-user (provider and client) is often characterised as an exchange mediated
by a material artefact, and is also known as the Service Interface (Secomandi &
Snelders, 2011).

In this chapter | will present an overview of commercially available Smart Textile
Services for well-being, and reflect on the embodied properties. After this
reflection | will present three Smart Textile Services that have been developed
during my PhD project. | will describe the underlying ideas, discuss the value for
the stakeholders, and reflect on how embodiment plays a role within these Smart
Textile Services. This notion of Embodiment in Smart Textile Services is further
specified with three notions of ultra-personalisation: personalisation of the textile
material properties; personalisation of the look, fit and feel of the textile object;
and personalisation through programming the interaction.
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2.2 Existing Smart Textile Services

To better understand the relation between the smart textile components and the
added services, an overview of Smart Textile Services currently on the market is
shown in Table 2.1. The overview was created by first selecting applications in
the areas of lifestyle and medical (in order to find the applications related to
well-being) from the Vandrico Wearable Tech Market database (Vandrico

Name

Smart Textile

Service

Adidas miCoach:
micoach.adidas.com

o

Portfolio of various
physical products, such

as the X_cell (module that
attaches to shirt and tracks
heart rate, acceleration,
and body movement), Fit
Smart wristband (heart
rate tracking), and Smart
Ball (integrated sensors
that measure speed, spin,
trajectory, and strike point).

The hardware modules all
connect to an online software
platform; this platform offers
coaching feedback, pre-
planned workouts, and goal
setting. The data is stored in
the miCoach platform and can
be shared and accessed by
third-party applications.

OMsignal: www.omsignal.com

The OMsignal smart

shirt reads biological and
physiological information
such as breathing (respiratory
rate and volume), activity
intensity, and ECG. The
OMsignal platform delivers a
wide variety of physiological
data directly to a user's
smartphone or tablet via an
application.

OMsignal is building a
platform in which a collection
of biometric smart clothing
plays an important role. Initially
the OMsignal platform will

be used to inform the wearer
about his or her emotional
well-being. Later, this platform
will be opened up to third-
party developers and users.

Owlet Smart Sock:
www.owletcare.com

A sensor-lined sock for babies
monitors vital signs such

as skin temperature, heart
rate, blood oxygen levels,
sleep quality, and movement.
The data is transmitted to

a monitoring base station,
and can be further sent to
the Owlet cloud service,
smartphone app or other
internet-based devices.

As a monitoring tool, rather
than a medical or diagnostic
device, the Smart Sock aims
to help parents be more
aware of potential health-
related danger signs. The
base station is in contact with
cloud services from Owlet,
which can further alert other
contacts if the baby’s vitals
signs are outside the norm.

Sensoria:
www.sensoriainc.com

Body-sensing wearable
devices with integrated
e-textile sensors such as

a Fitness T-shirt, Fitness
bra (with integrated heart
monitor), and Fitness socks.
The proprietary software is
aimed at fitness and health
applications.

Sensoria provides services to
collect and visualise the data
generated by their products.
The goal is to help patients
and caregivers by providing
systems and services that
enable monitoring of patients
remotely, reducing costs and
readmissions, and providing
better quality care to patients.
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T.Jacket: www.mytjacket.com

=

A jacket simulates the

feeling of a hug using

air pressure to provide
comfort, calm, and control

to both people with sensory
processing challenges and
their caregivers (parents,
teachers, therapists, etc.).
Built-in sensors measure and
automatically record user
activity levels (seated, walking,
jumping, running).

The product'’s cloud service
allows the data gathered by
the jacket to be visualised
over time; also custom
notification alerts based on
the information are generated
for the involved contacts.

It is possible to control the
air pressure directly from
the smartphone app or to
choose a pressure from

the automated pressure
programmes.

ZOLL LifeVest:
lifevest.zoll.com

o

‘Jl ;

A=

This wearable defibrillator
continuously monitors the
patient’s heart using dry, non-
adhesive sensing electrodes
to detect life-threatening
abnormal heart rhythms. If a
life-threatening heart rhythm is
detected, the device releases
gel over the electrodes and
delivers a treatment shock to
restore normal heart rhythm.

The company provides
services with the project,
such as an online patient
management system where
clinicians can monitor patient
data from the LifeVest. This
gives them the possibility to
assess arrhythmic risk and
make appropriate plans.

The data visualisation and
notifications can be tailored to
the patient. Further services
include partnerships with
most health plans in the
United States.

Table 2.1: Overview of propositions that can be considered Smart Textile Services from the Vandrico
Wearable Tech Market database (Vandrico Solutions Inc, 2015).

Solutions Inc, 2015). This selection was then further specified by filtering the
criteria to contain both a smart textile and a service component. The resulting
examples are then discussed from an embodied perspective to provide insights
into the value that an embodied approach can bring.
Looking at the overview through the lens of Embodied Interaction, we can
conclude that a large part of the services is based on proprioceptive data
measured by the smart textile component: for example, all the applications
(except for ZOLL LifeVest) measure movement activity. Some applications also
measure complex physiological data. The OMsignal shirt can extract breathing
rate information and ECG measurements, and the Owlet Smart Sock measures
skin temperature and oxygen level. From all the examples it is clear that there are
new services emerging because of the rich amounts of sensor data that can be
collected from our body and our environment.

Besides T.Jacket and ZOLL LifeVest, many of the applications use visual
representations to process and represent this complex data (smartphone or tablet
applications, websites) and therefore rely mainly on cognitive process. All the
Smart Textile Service examples include platforms in which data is stored and
visualised for the user. This data is in some cases, such as OMsignal and Owlet
Smart Sock, communicated back to the user through a smartphone application.

Three embodied smart textile services (Tactile Dialogues, Vigour, Vibe-ingj———— 37




These cognitive processes do not directly relate to the inherent goal of these
close-to-the-body applications. Some of the examples extend the data and link
back to the body of the wearer. The ZOLL LifeVest uses shock treatment to react
to a life-threatening heart rhythm and the T.Jacket uses air pressure to simulate
the feeling of a hug. Linking our body with the digital world (and thereby with the
services that are possible) through perceptual-motor skills can help to maintain

a direct link with our body. With this focus on the body we can achieve a certain
sensitivity in interaction; however, the material qualities of the tangible parts of the
service need to be considered. To give an example: do we really need a massage
manual to be able to perform a pressure-point massage? Wouldn't it be much
better if the instructions for performing this massage could be presented through
the garment itself?

Besides the corporal aspects, situatedness and social nature are important
elements of Embodied Interaction. In the examples of existing Smart Textile
Services, other than the T.Jacket, Owlet Smart Sock, and ZOLL LifeVest, the
context of application is less considered. The business models of smart textiles
are often still based on traditional business models, in which mass production is
preferred over small-scale personalised business proposals. Owing to value chain
thinking, production and servicing are often outsourced to facilities elsewhere in
the world. With context in mind, local groups of stakeholders can collaborate and
tailor their products and services specifically to a certain market. By doing this, not
only can margins increase as profit moves to the services behind the product, but
also it will become possible to customise the service to the skills and identity of
the particular user and stakeholders. For example, in the case of the ZOLL
LifeVest, the visualisation style can be tailored to the specific patient. The air
pressure programmes of the T.Jacket can be personalised through an
accompanying mobile phone application, to provide the most comfort and reduce
stress for people with sensory modulation difficulties. Allowing one to personalise
the air pressure programmes opens the door for a new kind of service. Wouldn't it
be better if these air pressure programmes could be co-developed between
practitioners, families, and users as part of the caregiving process?

To realise Embodied Smart Textile Services it is necessary to implement a tight
coupling between digital data and the human body, and put focus on the context
of the application. The past three years we have been working on cases to
demonstrate an Embodied Smart Textile Services design approach. Examples of
smart textiles for close-to-the-body applications include directions such as using
textile material and interactive vibratory triggers to aid in communication during
dementia care (Tactile Dialogues), measuring movement and providing auditory
feedback during rehabilitation (Vigour), and vibratory massage of pressure points
to improve self-healing of patients (Vibe-ing). | will describe for each project a
description of the Smart Textile Service and the Service Interfaces that are part of
the service. Furthermore, | will go back to the topic of embodiment by discussing
how the role of the body and the context in each of the applications are addressed.
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2.3 Tactile Dialogues: keeping dementia patients
In touch with their families

Background

Dementia is a common name to describe the different conditions that affect the
well-being of the human brain and intervene in a patient’s ability to read, talk,
write and move. Dementia is usually associated with old age, as it currently
affects one in three people above the age of 65. This disease that affects the
ability to be independent is not a natural part of growing old; it is a side effect
of other diseases of the brain, the most common being Alzheimer’'s which
represents 60-80% of cases worldwide. The most recurrent symptoms of
dementia include memory loss, mood changes, and problems in communication
and reasoning (Prince, Prina, & Guerchet, 2013).

Dementia is usually evaluated and treated in four stages, which increase with time.
The CDR (Clinical Dementia Rating) is a structured interview protocol that
identifies the stages as follows: Very mild (0.5), mild (1.0), moderate (2.0) and
severe (3.0) (Kramer & Gibson, 1991; Morris, 1993). The first two stages relate
to recent memory loss and forgetfulness, and loss of concentration. The moderate
stage is characterised by the impossibility to fulfil daily activities such as dressing
or eating, memory lapses, person recognition and disinhibition. The severe stage
presents a significant barrier for communication as it relates to fragmented
speech and incapability to make decisions. Dementia is currently the main cause
for elderly entry to residential care, creating more demand for quality facilities
(Prince et al., 2013). These factors are not only a weight in the investment on
healthcare, but also reflect on the conditions of care to dementia patients. In
order to allow an active and more independent old age, personalised care is
necessary but often neglected (Prince et al., 2013). Family members can play

an important role in this. However, when the phase of dementia becomes more
severe, visits become more rare, leaving more pressure on professional
caregivers. In order to develop more personalised solutions, connections
between different stakeholders such as service providers, caregivers,
physiotherapists and family members are required. The next section will introduce
an Embodied Smart Textile Service that was designed for people with severe
dementia and their family members.

PSS Description

Tactile Dialogues is a Smart Textile Service which consists of a textile object in
the form of a pillow with integrated vibration elements that react to touch (Schelle,
Gomez Naranjo, ten Bhémer, Tomico, & Wensveen, 2015). The goal of the textile
object is to enable a dialogue by triggering physical communication patterns
between a person with severe dementia and a family member, spouse, or other
caregiver, by a joint interaction with the product, as demonstrated in Figure 2.1.
The pillow provides various vibrotactile stimulus patterns and haptic sensations
that, when combined, encourage the patient to move and develop conversations
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Figure 2.1: Picture of Tactile Dialogues PSS used while visiting a family member with
dementia.

Scan the QR code to see a video about Tactile Dialogues, scan the picture with Layar
to see a video of the interaction

Models in the picture: Rinie Verhaegh (Kantfabriek), Marina Toeters (by-wire.net).
Photo by Wetzer and Berends.

40 — Chapter 2. Scale of the PSS



in an alternative yet bodily way. The object can be used in spaces where two people
are sitting: for example, at a table, couch, or over the armrests of a wheelchair. The
object consists of a textile with integrated vibration elements. When these elements
are touched (by rubbing, stroking, or pushing) a soft vibration can be felt from
multiple locations on the object. This stimulates small movements and social
connection between the people using the pillow: it allows for a dialogue based on
physical interaction to begin. The vibrations in the pillow can be programmed to
create specific vibratory behaviours. For example, when both sides are touched
simultaneously, the vibration will increase. The standard vibrotactile behaviour is

the mirroring behaviour: touch on one end of the pillow is mirrored with vibrations
on the other end. The service provider offers a coaching process in which the family
member and the person with dementia are instructed together in using Tactile
Dialogues and also co-create the vibration patterns together. In collaboration with a
motivational therapist, the vibrotactile behaviour of the pillow can be adapted to the
person. An example of a tailored vibration is a game in which the people have to
move their hands to find where the vibration is coming from.

PSS Prototype

The Tactile Dialogues pillow was developed in such a way that it looks inviting for
the client, but is still perceived as respectful towards the communication partner.
This to prevent the negative stigma of other multisensory products which often
look a little childlike. It is meant to fit within modern eldercare organisations, but
could also be placed in a living room. The functional properties gave direction to
the aesthetic choices during the design process. For example, we chose for a
pillow based on the knowledge that people with dementia react better to the
outside world when there is extra weight on their bodies. The choices for the
tactile properties of the fabric resulted after conducting tests from which we
concluded that different surfaces trigger different hand movements. For example,
a thick layered fabric would trigger plucking movements, and ridges in the fabric
would trigger rubbing with the hands. The colours of the fabric were chosen in
such a way that there were two contrasting colours in the graphic pattern. For
example, in the green pillow the secondary colour was a bright red which was
used to create the outline of all the graphics (Figure 2.3 shows the fabric); these
contrasting colours would still be perceivable for some people. The vibrations in
the pillow were designed in such a way that they felt as pleasurable as possible
by embedding them in specially designed, flexible 3D-printed casings (the
casings are presented in Figure 2.4). These casings are integrated in the fabric,
which also results in different tactile experiences when touching the fabric. The
vibrations can be programmed to react to the touches on the fabric in various
ways. Figure 2.5 shows a vibratory behaviour that increases in intensity when the
family member increases her force on the pillow. In this example, the touches from
one side of the pillow are replicated on the other side of the pillow.

This Smart Textile Service was developed by TU/e (Martijn ten Bhémer, Oscar
Tomico), De Wever, byBorre, Optima Knit and Metatronics.
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Figure 2.2: Circular knitting machine that was used to knit the fabric.

Figure 2.3: Fabric with contrasting colours, structure and graphic pattern.
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Figure 2.4: Flexible 3D-printed casings containing the vibration actuators and the sensors.

Figure 2.5: One of the interactive vibratory behaviours (lllustration by Carolina Gomez Naranjo).
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Service Interfaces

As presented in Table 2.2, the clients and providers involved in the service are the
Tactile Dialogues company, the eldercare company (manager, caregiver, and
motivational therapist), the family members, and the person with dementia. Tactile
Dialogues is part of a Product Service System which is offered to an eldercare
organisation in a total package. The following pictures show a visual overview of the
Service Interfaces the QR codes in the pictures can be scanned to see short videos.

I |

All photos and videos of Service Interfaces (except Service Interface 2) by Bart van Overbeeke.

Service Interface 1: Tactile Dialogues is demonstrated by a representative of the
company, after which the care provider can decide to acquire it and sign the
service contract. The colour and shape of the Tactile Dialogues pillow can be
adapted to the interior of the organisation.
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Table 2.2: The Service Interfaces of Tactile Dialogues that show the interaction moments between user and

service.
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Service Interface 2: The Tactile Dialogues company collects the orders and
creates all the instructions for the other stakeholders who produce the textile,
electronics and software. These elements are assembled and integrated by the
Tactile Dialogues company.

Service Interface 3: When the Tactile Dialogues arrives in the care home, a
representative of the Tactile Dialogues company offers training for the caretakers
and motivational therapists involved in the dementia programmes. During these
trainings it is explained how the pillow fits in with the current services of the

46 — Chapter 2. Scale of the PSS



organisation and ecosystems such as information infrastructures for patient files.
Furthermore, it is explained how the family can be coached in using the pillow.
Service Interface 4: The eldercare organisation offers the Tactile Dialogues pillow
to the family of their clients. During an introduction meeting, the family members
can try the pillow and ask questions.

Service Interface 5: After the family members decide to start using the pillow,

the vibration patterns can be further personalised to the stage of dementia and
particular habits of the client. During this meeting the motivational therapist will

Three embodied smart textile services (Tactile Dialogues, Vigour, Vibe-ingj———— 47



also give advice and tips about how to use the pillow during visitations.

Service Interface 6: This personalised vibration pattern is activated during the
visits of the family member and the person with dementia to support their
interaction; this step can be repeated during every visit.

Service Interface 7: At regular intervals there will be coaching sessions where the
motivational therapist is present to observe during the family visits. Simultaneously,
video recordings are made which the family can look back at at a later moment.
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Service Interface 8: In a new service provided by the eldercare organisation, the
motivational therapist rewatches the crucial moment of the interaction together with
the family. They discuss opportunities to change the interaction, and which signals
to notice (for example, small changes in facial expression or body posture). At the
same time, these meetings are also a moment when knowledge about dementia is
exchanged between motivational therapist and family member. The sensor data is
analysed in order to monitor the long-term trend of the interaction: for example, to
see whether the person with dementia becomes less active over time.
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Service Interface 9: In case the Tactile Dialogues pillow is damaged, a
representative of the company will visit the care organisation and examine
whether the repairs can be done on location.

Service Interface 10: The dirty pillowcases can be regularly removed and
exchanged for clean ones by the Tactile Dialogues company.

Value for the Stakeholders

For the person with dementia, Tactile Dialogues offers an activity that can be
adapted to the capabilities that the person still has, which aims to increase the
quality of life. For the family members of the person with dementia, the Product
Service System enables them to have a different type of dialogue with their loved
ones, and involve caregivers, with as a larger goal enjoying each other's company
longer. The aesthetics make the pillow a product that treats both the client and
the family members respectfully. For motivational therapists the Tactile Dialogues
helps to involve the family members of the client more in the care process.
Dementia is a topic which is often hard to discuss: the pillow and the services
around make it possible to open up and give direction to the conversations. For
the daily care staff and nurses, the pillow can help to keep the clients more calm
and relieve the pressure of their daily work. Tactile Dialogues provides a moment
of distraction with the pillow, or can increase the willingness of the family
members to visit and be with their loved one. From the perspective of the
physiotherapy staff, the pillow helps keep people with dementia active. Small
hand and arm movements can help with the general health of people who are
normally more passive. For the management of eldercare organisations, Tactile
Dialogues provides the opportunity to show that they are working with innovative
projects, which helps the organisation to differentiate themselves from others.
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This Smart Textile Service enables local textile producers to apply their in-depth
textile knowledge with a new digital platform. Eventually new business models can
emerge in which the service elements can generate new financial opportunities.

Personal Reflection on Embodiment

During the demonstration visit (Service Interface 1) the body is used as a way for
the decision-maker to experience from a first-person perspective the effect of the
vibrotactile stimuli and customise the fabric structure. Similarly, the family member
has a chance to experience interaction with the pillow in an introduction session
(Service Interface 4). During this session the family member and expert from the
service provider can choose the textile and appearance of the pillow to match the
needs of the person with dementia and the family member, since the reactions to
the tactile stimuli that the pillow provides might be completely different. When the
pillow is used during the visit (Service Interface 6), the exploration through the
interaction with the pillow opens up opportunities for social interaction between
the person with dementia and caregiver. Furthermore, the vibrotactile stimuli
patterns and haptic sensations have a direct relation to the movements of the
body. This principle makes it possible for people even with limited cognitive
capabilities to still have an activity together with a loved one. The motivational
therapist has an important role to evaluate these corporal qualities during the
evaluation meeting (Service Interface 8). The data which is generated from the
pillow can further be used to adapt the vibrotactile behaviour, and also evaluate
the other service elements in which the client is enrolled.

2.4 Vigour: a knitted cardigan that keeps people active

Background

Ageing of the population is one of the challenges that our society in Europe is
facing. One of the strategies to transform this into a more positive outlook is
described as active ageing, which aims to increase “opportunities for health,
participation and security to enhance the quality of life of aging people” (World
Health Organization, 2002). Within the field of geriatric rehabilitation it is known
that physical training can help people in older age groups with Alzheimer's
disease to show less physical limitations and better motor skills (Neeper,
Goéauctemez-Pinilla, Choi, & Cotman, 1995). Besides these measurable
improvements, regular exercises also contribute to the subjective health
experience, and strength is maintained and balance improved: for example, the
ability to walk or the ability to get into or out of a chair. Physical rehabilitation and
exercises are included in the services offered by most eldercare organisations.

Physical therapy can be a debilitating experience for the body and psyche. There
is the discomfort from the exercises, as well as anxiety about whether you are
doing them correctly. The monitoring devices worn are bulky and stigmatising,
telegraphing that there is something not quite right with the person wearing them.
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Figure 2.6: Vigour PSS in use: a family member is helping a patient with rehabilitation exercises.
Scan the QR code to see a video about Vigour, scan the picture with Layar to see a video of the interaction.

Models in the picture: Oscar Tomico (TU/e), Corrie Aarts (De Wever). Photo by Wetzer and Berends.
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Plus, if you are an elderly person or suffering from cognitive conditions such as
dementia, the process can seem like a slippery memory: What was | supposed to
do? How was | supposed to do it? And what was it supposed to feel like? One
solution is Vigour, a knitted wool cardigan that uses aural feedback to motivate
patients to move.

PSS Description

Vigour is a Product Service System that enables geriatric patients,
physiotherapists and family to gain more insight into the exercises and progress
of a rehabilitation process. It is a knitted, long-sleeved cardigan with integrated
stretch sensors made of conductive yarn and an accompanying iPad application
which monitors the movements of the upper body and can give sound feedback
(ten Bhémer, Tomico, & Hummels, 2013). The garment can be worn all day and
thereby gather a large amount of data. Next to this the garment can be worn
when executing rehabilitation exercises and give feedback to the wearer by
making sounds on an iPad application, as shown in Figure 2.10. For example:

the further a particular sensor is stretched, the higher the pitch of the piano or the
increase in volume of the voice in a song. Vigour's accompanying iPad app uses
this data to give direct feedback to both the sweater's wearer and the
physiotherapist, helping them both visualise progress. It also allows them to
customise each sensor’s sound and sensitivity, providing another way to track
effort in each targeted area. The project has a high social value, since it advances
ways of communication between geriatric (Alzheimer's) patients and their
therapists, and encourages interaction and movement.

PSS Prototype

Vigour is designed in the form of a garment that can be worn as a normal
cardigan. The reason for this is that the garment is more likely to be accepted by
the target group (older adults and seniors). Family and caregivers do not like the
stigma of a patient that a garment with a strong medical look puts on the wearer.
It is important that the person wants to wear it, first of all because it is
comfortable and also fits their identity and is beautiful, and additionally has the
other features you expect from a smart garment (Figure 2.7). The sensor areas
themselves are directly knitted into the fabric during the knitting process (Figure
2.9). To connect the sensor areas to the electronic components, a manual
process is required in which the connections are made by bonding an adhesive
between the sensor and the conductive yarn. There are in total four sensors
integrated into the textile of the garment: two in the lower back area, to measure
back movement (bend of the back), and two stretch sensors under the arms to
measure arm movement (Figure 2.8 shows the back of the cardigan). The
movements that can be measured are quite rough, and are used mainly to
indicate that there is a movement, and how fast this movement is. On the back of
the wearer, at the height of the neck, there is a separate 3D-printed casing that
contains a battery and the Bluetooth transmitter. Every sensor area is combined
with a custom PCB that can measure the signal of the stretch sensor and
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Figure 2.7: The cardigan is first of all a beautiful, comfortable cardigan. Photo by Joe Hammond.

Figure 2.8: The sensors are located in the arms and lower back. Photo by Joe Hammond.
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Figure 2.9: The sensors are knitted in the fabric, the casings contain the electronics.

Anna de Grood Anna de Grood

i aan fat soelet

fu\

Figure 2.10: Application to project the sound and calibrate the sensors before use. Screenshots by Lisa Vork.
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