
 

Embroidered Inflatables: Exploring Sample Making in
Research through Design
Citation for published version (APA):
Goveia da Rocha, B., Tomico Plasencia, O., Tetteroo, D., Andersen, H. K. G., & Markopoulos, P. (2021).
Embroidered Inflatables: Exploring Sample Making in Research through Design. Journal of Textile Design
Research and Practice, 9(1), 62-86. https://doi.org/10.1080/20511787.2021.1885586

DOI:
10.1080/20511787.2021.1885586

Document status and date:
Published: 18/03/2021

Document Version:
Publisher’s PDF, also known as Version of Record (includes final page, issue and volume numbers)

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:
openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 24. May. 2023

https://doi.org/10.1080/20511787.2021.1885586
https://doi.org/10.1080/20511787.2021.1885586
https://research.tue.nl/en/publications/6cc5b46f-cc74-4cf3-a430-debc977765ab


Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=rftd20

Journal of Textile Design Research and Practice

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/rftd20

Embroidered Inflatables: Exploring Sample Making
in Research through Design

Bruna Goveia da Rocha, Oscar Tomico, Daniel Tetteroo, Kristina Andersen &
Panos Markopoulos

To cite this article: Bruna Goveia da Rocha, Oscar Tomico, Daniel Tetteroo, Kristina
Andersen & Panos Markopoulos (2021) Embroidered Inflatables: Exploring Sample Making in
Research through Design, Journal of Textile Design Research and Practice, 9:1, 62-86, DOI:
10.1080/20511787.2021.1885586

To link to this article:  https://doi.org/10.1080/20511787.2021.1885586

© 2021 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group

Published online: 18 Mar 2021.

Submit your article to this journal 

Article views: 435

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=rftd20
https://www.tandfonline.com/loi/rftd20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/20511787.2021.1885586
https://doi.org/10.1080/20511787.2021.1885586
https://www.tandfonline.com/action/authorSubmission?journalCode=rftd20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=rftd20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/20511787.2021.1885586
https://www.tandfonline.com/doi/mlt/10.1080/20511787.2021.1885586
http://crossmark.crossref.org/dialog/?doi=10.1080/20511787.2021.1885586&domain=pdf&date_stamp=2021-03-18
http://crossmark.crossref.org/dialog/?doi=10.1080/20511787.2021.1885586&domain=pdf&date_stamp=2021-03-18


Embroidered
Inflatables: Exploring
Sample Making in
Research
through Design

Bruna Goveia da Rocha, Oscar Tomico,
Daniel Tetteroo , Kristina Andersen and
Panos Markopoulos

ABSTRACT This paper reflects on the experience of
sample making to develop interactive materials. Sample
making is a way to explore possibilities related to differ-
ent materials techniques. In recent years design research
has put an increasing emphasis on making as a mode of
exploration, which in turn has made such exploration an
increasingly popular and effective design research
approach. However, sample making is a messy and
complex process that is hard to document and commu-
nicate. To mitigate this, design researchers typically
report their journeys from the perspective of their suc-
cess, retroactively editing out or reducing the accounts
of experiments that did not directly contribute to their
goal. Although it is a useful way to of contextualizing a
design process, it can contribute to a loss of richness
and complexity of the work done along the way.
Samples can be seen as instantiations of socio-techno
systems of production, which means that they can be
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looked at from different perspectives and can potentially become
the starting points of new design explorations. In recognition of
this quality, we aim to investigate ways that samples can be
appropriated in future journeys. To do so, we analyzed and
reflected on the sample making process of the Embroidered
Inflatables as a design case. The project resulted in 27 samples
that explored distinct challenges related to designing actuators for
soft wearables through the combination of silicone casting and
embroidery techniques. To explore the potential of sample appro-
priation, we invited a fashion designer to a creative session that
analyzed these samples from her personal perspective to identify
new design directions. We detail the design process, reflect on
our sample making experience and present strategies to support
us in the process of reevaluating and appropriating samples.

KEYWORDS: Research through design, sample making, design pro-
cess, materials, embroidery, soft actuators

1. Introduction
The design research community is currently engaged in a process of
creating a broader context for Research Through Design (RtD),
beyond the well-established frameworks for HCI and user-centered
design (Redstr€om and Heather 2019). This broader context for RtD is
supported through a series of concepts coming from different
streams of thought in science and technology studies (STS) and phil-
osophy, which share the interest in re-examining the relationship
between humans and the material world from the perspective of the
role of tools (Frauenberger 2020). Concepts like troubling design
processes (Haraway 2016), correspondences (Ingold 2017) and rad-
ical interrelations (de la Bellacasa 2017) are opening new possibilities
for design. In practice-led design research, we see similar ideas
being articulated through digital craft (Oxman 2007), material
assemblages (Wiberg et al. 2013), infrastructuring (Ehn 2008), inten-
tional drifting (Krogh and Koskinen 2020) and traveling (Goveia da
Rocha and Andersen 2020). They differ from user centered design
tradition in the way they embrace the full complexities involved in the
act of making and designing, allowing a number of concerns and
considerations to co-exist and take part in a common design space.

For decades, materiality of interaction has gained focus and inter-
est in design research. Design researchers have begun to shift from
metaphor-centered interaction design towards direct forms of inter-
action through materials and their properties (Wiberg 2018). At the
same time, the growing adoption of digital fabrication methods has
opened up opportunities for more design researchers to explore
design practices that are materially driven. By designing from the
capabilities of digital fabrication machines, it is possible to transition
towards a more integrated approach to designing with and through
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technology, which expands our views on the relationships between
designers, machines and materials as well as between the physical
and the digital (Nachtigall 2019).

Approaches based on material exploration allow the development
of designs grounded in the real possibilities emerging from interacting
with fabrication systems. As a part of this exploration, we are able to
metaphorically stand next to the machines and materials we work
with to ask them "what if?" and "what else?" (Andersen et al. 2019).
In doing so, we emphasize the roles that machines and materials
play in introducing opportunities, create intimacy with the making
process, facilitate detours and, ultimately, develop different kinds of
knowledge. The process is rich and multifaceted, and as a result it is
difficult to document and communicate. This is in part due to the
high number of samples or artifacts created in materially driven proc-
esses and the tendency to focus on final outcomes rather than in the
details of how we got there (Krogh, Markussen, and Bang 2015). As
a result, this type of design research is often reported from the per-
spective of how certain experiments led to the reaching of a specific
goal (Goveia da Rocha and Andersen 2020). Experiments that do not
directly contribute to this "success" are usually unaccounted for or
collectively summarized as part of an exploratory phase that mainly
serves to provide the reader with a rationalization of the process and
evidence of the quality of its outcome. This can create a gap
between the reporting of design research and the actual experienced
design practice (Scrivener 2000), but maybe more importantly it can
be seen as a limiting and wasteful practice, as samples or prototypes
are treated as means to an end rather than valued in their own right
for the potentially intricate relations that they embody.

By recognizing that the experiments we make may answer more
questions than the ones we asked through their making, we join a
broader discussion about drifting in design (Krogh, Markussen, and
Bang 2015; Krogh and Koskinen 2020) and craftsmanship (Andersen
et al. 2019) to consider the role of making samples in Research through
Design. More specifically, we reflect on whether we can consider these
samples research objects separated from their original context. As a
guiding line through the discussion in this text, we will look at the sam-
ples created in the Embroidered Inflatables project, which allowed drift-
ing and complexity throughout the sample making process. In this
project, we engaged in a materially driven exploration, making use of
state-of-the-art digital machine embroidery combined with silicone cast-
ing to create inflatables. Beyond the making experience, in this paper
we explore the use of interactive material samples and their appropri-
ation in design processes as a means to draw an outline of the com-
plexities that samples embody. In doing so, we address the community
of design researchers and makers engaged with material driven
research and digital craftsmanship, and contribute a practical design
case of the Embroidered Inflatables, an exploration of the possibility of
considering samples research objects in a manner that is in part
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separated from their original context and a set of strategies to facilitate
the revisiting of samples. As such, we aim to open up opportunities of
appropriating the samples of Research through Design projects in other
design journeys. In the following, we make use of the travelers metaphor
(Goveia da Rocha and Andersen 2020) to look back at the
Embroidered Inflatable samples as previous places that could be revis-
ited and be appropriated as the starting points of other journeys.

1.1. The Previous Places

In this paper, we embrace the search for these other places (Goveia
da Rocha and Andersen 2020) and aim to articulate how samples
that may have been seen as failures within a design journey (van
Dongen et al. 2019) can be seen as outcomes on their own terms. In
other words, we aim to demonstrate that "failed" samples can be
actionable (Rutkowska, Visser, and Lamas 2019) as new starting
points for other journeys. To demonstrate this approach, we build on
two previous projects: Flow (Goveia da Rocha and Tomico 2019)
and, mainly, the Embroidered Inflatables project (Goveia da Rocha
et al. 2019), both aimed at investigating actuation in soft wearables.

Flow was a wearable artifact, made entirely of cast silicone, that
aimed at supporting the learning of physical activities through direc-
tional cues given by elastic inflatables that push against the body.
This one-sided behavior of the inflatables was achieved through a dif-
ference in the thickness of its walls, allowing them to push against
the body to communicate the user about the direction of movement.
The limitations of the fabrication technique were the bulkiness
needed to create this asymmetrical inflation and scale. Large gar-
ments made of silicone alone are not convenient to fabricate or com-
fortable to wear, limiting the application possibilities of the technique.

As a follow-up of Flow, the Embroidered Inflatables project was
started to explore if the one-sided behavior of the inflatables could be
achieved through a combination of silicone and a textile production
technique to integrate elastic inflatable actuators in soft wearables.
Inspired by techniques that use mesh to reinforce silicone or other
materials, we opted to combine casting with chemical embroidery.
Chemical embroidery (Mecnika et al. 2014) is a technique, typically
used to create machine-made lace, that uses a water-soluble stabil-
izer to create self-supporting embroidery. Through this technique, we
were able to take advantage of the accuracy and freedom of routing
of digital machine embroidery to program the properties of this lace-
like embroidered substrate as well as determine the shape and
behavior of the inflatables.

By revisiting the analysis of these two works, we aim to unpack
some of the opportunities that sample making offer beyond abstrac-
tions of the lessons learned. In the following sections, we articulate
how samples may outlive the context of specific design journeys.

Embroidered Inflatables: Exploring Sample Making in Research through Design

Jo
ur
na

lo
f
Te

xt
ile

D
es
ig
n
R
es
ea

rc
h
an

d
P
ra
ct
ic
e

6
5



1.2. Old Samples, New Starting Points

Our initial motivation was to recreate the specific behavior of the
inflatables in Flow through a hybrid technique that combined a textile
production technique and silicone casting. Nonetheless, we were
open to explore emergent questions and ideas. As a result, we cre-
ated 24 samples that explored different challenges: 1) sewing attrib-
utes to create properties of inflatables; 2) fit & support; 3) improving
integration and resolution of complex shapes; 4) enlarging area of
actuation; and 5) textile integration. From these samples, we identi-
fied three actuation behaviors based on which we created three extra
samples that we called Interaction Modes.

In the first account of this project (Goveia da Rocha et al. 2019),
we presented the complete set of sample series generated in our
project, including the Interaction Modes, together with lessons
learned throughout the process of creating them. In the following, we
propose a way that these samples may be seen to contribute beyond
the traditional notion of lessons learned or guidelines.

By analyzing and reflecting on the design process, we observed
how a goal-oriented approach could be combined with a more
explorative process. Each sample can be seen to stand on its own
and answer more questions than it was designed to answer. As
such, samples can be seen as instantiations of a socio-technical sys-
tem of production, and this view allowed us to look at them from dif-
ferent perspectives of the system, such as the interactive qualities of
the material outcomes, the design of the digital assets or the experi-
enced collaboration with the machines.

In the following, we present the design process of the
Embroidered Inflatables project. Then, we detail findings from a ses-
sion with a fashion tech design researcher, in which the sample ser-
ies was used to identify opportunities and qualities that could be
forwarded to the design of interactive garments. This session sup-
ported the reflection on strategies that can support us in making
samples actionable beyond their original contexts of creation, such
as how to store/display and document them, presented in section 4.
Based on this framing of samples, the following sections provide: 1)
the description of the process of making samples by means of digital
machine embroidery; 2) a reflection on how to support appropriation
of samples as starting points for new journeys.

Our intention is to support our community in finding ways to
acknowledge, produce and share knowledge about our material sam-
ple work. We hope this is a way towards a more explicit exchange of
material knowledge across projects and design researchers.

2. Case Study: Embroidered Inflatables
As a design case, we look into the sample making process of the
Embroidered Inflatables. This project was developed in the context of
investigating actuation in wearables (Markopoulos et al. 2020).
Through this project, we were able to experience a highly paced
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process of making samples. The samples were executed on the
same level of finish and explored different parts of the design space
of creating inflatables based on digital machine embroidery. The var-
iety in the collection of samples and their equal level of finish contrib-
uted for us to continue to revisit these samples for the purposes of
advancing the project towards designing soft wearables based on
inflatables, as well as in different contexts and discussions. Looking
at them from the proposition of designing as travelers (Goveia da
Rocha and Andersen 2020), we gained a new understanding of the
potential role of samples in Research through Design. More than
steps towards a goal or failures, samples have the potential of taking
us to other places by answering different questions than the ones
that originated them.

Before discussing our approach to samples (in Section 3), we first
present the specific challenges we aimed to address through our
design process by introducing the context of existing work in actu-
ation in wearables and techniques for creating inflatables.

2.1. Actuation in Wearables and Textile
Production Techniques

From self-expression to health monitoring, (soft) wearable technolo-
gies can open up many opportunities of bringing technology close to
the body in engaging and unobtrusive ways. The challenges of inte-
grating technology into garments include bulk/weight/stiffness, ther-
mal and moisture management, flexibility/durability, sizing and fit, and
device interface (Dunne, Ashdown, and Smyth 2005). Textile produc-
tion techniques, such as knitting, weaving and embroidery have been
widely employed for the creation of electronic friendly or electronic
integrated wearable technologies (wearables) to overcome such chal-
lenges. Embroidery, in particular, has shown the potential of support-
ing the design of interactive garments as it offers more freedom of
routing than knitting or weaving (Linz et al. 2008) to create soft cir-
cuits (Post et al. 2000; Hamdan, Voelker, and Borchers 2018) and it
requires a relatively low threshold of experience. Moreover, it enables
direct interconnections with conventional flexible electronics (Linz
et al. 2008) and fabricating a variety of sensors (Linz, Gourmelon,
and Langereis 2007; Aigner et al. 2020).

While textile-based sensors have reached a higher level of matur-
ity, having been integrated to commercial products such as smart
garments for sports (“Hexoskin” 2019; “Sensoria Fitness” 2019), soft
alternatives to actuators remain relatively unexplored. Usually, wear-
ables are actuated through external mechanisms, such as motors,
which restrain their wearability (Du et al. 2018). Among other forms of
actuation, inflatables have been gaining the interest of designers of
wearable applications due to their versatility and the possibility to
conform to the body. Although the integration of air pumps into wear-
ables still needs to be further explored for a completely unobtrusive
user experience, inflatables can be produced through many
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techniques and materials, offering opportunities for customizing their
form factor, material properties and dynamic behaviors. Additionally,
the air pumps can be removed from the area of actuation (Goveia da
Rocha and Tomico 2019). This could be used to respect guidelines
of wearability such as weight distribution or proxemics (Zeagler and
Clint 2017).

Inflatables can be fabricated through a variety of processes and
materials, both elastic and inelastic. The customization of the inflat-
able artifacts allows for creating simple to complex structures that
behave in very specific ways. AeroMorph (Ou et al. 2018), for
example, presented a heat-sealing approach that allows fabricating
inflatables made of different sheet materials coated in TPU (thermo-
plastic polyurethane) capable of curling, folding and changing tex-
ture. Polyurethane heat-sealed inflatables have also been adopted
by The Force Jacket (Delazio et al. 2018) to support augmented
reality experiences. The WRAP project (Raitor et al. 2017) also
explored the heat-sealing technique to propose an alternative to
vibrotactile stimulation to avoid sensory adaptation in haptic applica-
tions. The low-profile switchback channels are used to enlarge the
actuation area. These actuators were implemented into a wristband
to guide movement through directional metaphors by actuating four
points around the wrist.

Reporting similar material dynamic behaviors as the Aeromorph,
PneUI (Yao et al. 2013) presented approaches to create soft com-
posites, both inelastic and elastic. For their inelastic actuators,
plastic welding was used. For the elastic composites, materials of
varying elasticities were embedded into silicone to control their
behavior. The difference in elasticities to control the behavior of
inflatables was also explored to create self-sensing soft actuators
based on machine embroidery (Ceron et al. 2018). Spiral patterns
made of Kevlar fiber and optical fiber were embroidered on water-
soluble film then embedded in silicone to control the shape of infla-
tion and sense the deformation. The project Flow (Goveia da
Rocha and Tomico 2019) used a 3D printed mold and 3D printed
PVA inserts to cast silicone-based inflatables that provide users
with tactile motion instructions to support motor learning. The
wearable was entirely made in silicone which unified the process of
form giving of the wearable with the design of the air pockets
and paths.

While heat sealing allows creating textile-based inflatables, their
integration into garments is limited by the inelasticity of airtight fab-
rics. Silicone-based inflatables, on the other hand, offer elasticity and
work well for wearables designed for smaller areas of the body, such
as wrist/hand. For larger areas of the body such as the torso, how-
ever, crafting an entire wearable out of silicone presents challenges
to fabrication and wearability. Therefore, solutions for integrating sili-
cone-based actuators with textiles are needed in order to broaden
the range of applications of this form of actuation. Chemical
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embroidery (Mecnika et al. 2014), the technique of embroidering on
water-soluble film used by Ceron at al. to embedded Kevlar and
optical fibers in silicone (Ceron et al. 2018), was also used to create
sensorized soft wearables as research products (Goveia da Rocha
et al. 2020). In the Embroidered Inflatables project, we built on these
techniques to develop reproducible textile integrated and highly cus-
tomizable inflatables for on-body applications. As such, we aimed to
contribute with new ways of using digital machine embroidery to
develop soft wearables and textile interfaces (Post et al. 2000;
Gilliland et al. 2010; Mecnika et al. 2014).

For details about the fabrication techniques used in the project
and implications of designing inflatables based on embroidery, refer
to an earlier publication (Goveia da Rocha et al. 2019). In the context
of this paper, we are specifically looking at the complexity of the pro-
cess of making samples above the specific outcome of the project.

2.2. The Design Process of the Embroidered Inflatables

The starting point of the explorative design process of the
Embroidered Inflatables (Figure 1) was the Flow project (Goveia da
Rocha and Tomico 2019). Flow (Figure 2a) was a wearable designed
to support the learning process of physical activities. Fabricated as a
single piece, cast in silicone, Flow integrated six inflatable actuators
into a wrist-worn artifact meant to create pressure points for embod-
ied guidance (Figure 2b). Our interests in the project were both the
overall concept of using pressure to communicate with the body
and, most importantly, the use of materials as extension of the
pumps needed to actuate the inflatables. As such, our original inten-
tion with our exploration of embroidery-based inflatables was to
transpose the fabrication method used to create Flow to textile (com-
patible) techniques that would allow implementing the concept of
crafting soft wearables with integrated actuators to larger parts of
the body.

Flow was made by casting silicone (ecoflex-030) in a 3D printed
mold made of PLA filament, using a 3D printed PVA insert to create
the cavities that operated as inflatable chambers. In the embroidery-
based samples, we used the freedom of routing of the embroidery

Figure 1
Overview of the design process of the Embroidered Inflatables. The samples were

divided in five series based on the different challenges they addressed.
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technique to flip the complexity of the design to the embroidery,
which gave us more freedom to create the shapes of inflatables and
facilitated the stacking of layers to achieve the single sided behavior.
Instead of the 3D printed PVA inserts, the same PVA stabilizer film
used to embroider the free-standing embroidery (Gunold Ultra Solvy
80) was used to create the chambers. The embroidery machine
served multiple purposes, including creating a strong integration of
silicone with textiles through its open structure, creating free-standing
substrates, cutting out the film in the desired shapes, cutting out
textiles through cutwork needles to integrate the substrates into
ready-made fabrics and to assemble layers. The molds were simple,
needing to only demarcate the outside shape of the casting area
while the shape of the inflatable area could be easily customized
through the embroidery.

Interestingly, it was in series 2 (Figure 3), when we recreated the
design of Flow, that we started to shift our design approach towards
intentionally drifting. On the one hand, we continued to pursue the
goal of exploring how to create the asymmetrical inflation through a
textile-based technique. On the other, we deliberately drifted to
explore the possibilities of designing inflatables through the embroi-
dery technique.

In series 2, our aim was to recreate Flow through a similar
approach to the one presented by the Smart Sock project (Goveia
da Rocha et al. 2020), in which the chemical embroidery technique is
used to create the free-standing embroidery already shaped as the
wearable (parts). Different from the Smart Sock, this design had a
complex outline to integrate the paths of inflation and inflatable pock-
ets into the shape of the wearable. To create the free-standing
embroidery in the shape of Flow, the machine had to travel all around
and back several times, resulting in excessive stitch repetition.
Although it is possible to edit each stitch manually, the overlap of

Figure 2
(a) Flow was a wearable designed to support the learning process of physical activ-
ities through directional cues. (b) The wearables integrated six inflatable actuators

corresponding to the fundamental joint movements of the wrist and forearm.
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multiple stitches in the same spot made it impractical to edit the
automatically generated net fill stitch pattern we used. Instead, to
reduce the repetition of stitches, we recreated the net fill stitch pat-
tern through four layers of low-density fill stitch, each in a different
direction. To further investigate how to overcome the challenge of
creating complex shapes, we moved onto exploring different struc-
tures and stitch types through other samples that we later identified
as Series 3 (Figure 4).

As we proceeded in engaging with materials and techniques, we
shifted our focus from a goal-oriented journey to also embrace ques-
tions and opportunities that emerged from the experience of making.
The process of moving from one sample to the next happened organ-
ically. For the most part, we can see the process of moving through
these questions as a process of itineration (Ingold 2010), in which
every step is a development of the previous one and a preparation for
the next. Because the questions we let lead our way were not incre-
mental, our process could also be characterized as an expansive way
of drifting (Krogh, Markussen, and Bang 2015), that aimed to explore

Figure 3
In the samples of series 2, we recreated the design of Flow. The wearable shape
with integrated inflatable air paths and pockets was complex, resulting in a repeti-
tion of stitches. This motivated us to explore layering and the sewing attributes of

the embroidery.

Figure 4
Series 3 explored complex shapes and varying sewing attributes.
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the possibilities of creating inflatables through digital machine embroi-
dery and, particularly, chemical embroidery technique.

In this process, we created twenty-four designs that addressed
different emergent challenges and questions. Each sample was
thoroughly documented. The documentation incorporated technical
attributes of the embroidery designs, materials, methods of fabrication

Figure 5
Front views of Interaction Modes 1, 2 and 3, accompanied by their side views in

neutral and actuated states. M1 is a multi-state inflatable, M2 inflates symmetrically
and M3 inflates unilaterally.

Figure 6
Embroidered substrates of Interaction modes 1, 2 and 3 integrated into woven tex-
tile. (a) Mode 1 is made from two separate embroidered parts. (b) Mode 2 consists

of a single embroidery part. (c) Mode 3 is a single substrate sewn as layers that
integrate a sheet of water-soluble film over the substrate and support pad.

Figure 7
Embroidered sample with integrated tubing. To achieve this, the production hap-
pens in three stages. First the substrate and inflatable area are embroidered, then

the silicone is cast. Lastly, the tubing can be connected and integrated to the
embroidered substrate through a couching stitch.
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and reflections on the design journey (goal, behavior of the inflatable
and insights). By revisiting the documentation and reflecting on our pro-
cess, we identified how we addressed five main topics: 1) sewing
attributes to create properties of inflatables; 2) fit & support; 3) improv-
ing integration & resolution of complex shapes; 4) enlarging area of
actuation; and 5) textile integration. These topics were used to divide
our process into five series of samples. Based on our experience and
documentation, we reflected on the design implications of fabricating
inflatables through machine embroidery.

Our reflection also allowed us to identify three actuation behaviors
(Figure 5). We created three new samples, one per behavior, which
we refer to as Interaction Modes 1, 2 and 3 (Figure 6). The modes
are defined by the deformation of the actuators resulting from their
construction and the substrate structure.

In the original account of our project (Goveia da Rocha et al.
2019), presenting the Interaction Modes as a final outcome seemed
like the logical endpoint for the process. However, other emerging
opportunities showed us otherwise. As an example, we improved the
casting process reported in our previous publication through different
mold methods for casting locally to avoid bleeding through the fabric.
One method was 3D printing the mold onto the embroidery (Goveia
da Rocha, van der Kolk, and Andersen, 2021) and the other by using
magnetic laser cut acrylic molds. These versions of the molds
allowed us to keep the samples in the embroidery hoop so that they
could return to the embroidery machine for possible post-production
such as embedding tubing, as seen in Figure 7.

While the Interaction Modes were considered an endpoint for the
process, there were other possible outcomes to our process as well
as interesting loose ends worth revisiting and pursuing in other design
journeys. These relationships across projects likely happen in design
practice, particularly for designers working closely with a specific craft.
We would like to propose that samples can be approached as living
things, prone to be revisited and re-signified by new questions which
allow us to more explicitly forward concepts, insights, materials and
techniques across projects and design researchers. Our process indi-
cated that the formats of presentation and documentation are key to
support a shift of approach and to enable a deeper understanding of
the samples and artifacts we make.

3. Sample Making and the Search for Other Places
Unpacking design processes is challenging. For many years, our
community has been engaging with questions over the nature of our
work and how to expand our understanding over what is the know-
ledge we can generate by carrying out design actions (Wensveen
and Matthews 2015). Therefore, the discussion on the role of proto-
types and prototyping remains central in design research.

Peter Krogh et al (Krogh, Markussen, and Bang 2015), acknow-
ledge that designers drift in design processes to continuously learn
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and adjust themselves to opportunities or challenges that emerge.
There are multiple ways we drift in design research to gain depth,
acknowledge complexity, systematize knowledge, broaden know-
ledge and to exploit opportunities that emerge along the way.

The notion of infrastructuring (Ehn 2008), also points out at design
objects as more than accomplished dead ends. The things we
design are also relational and open to being appropriated and appre-
ciated in other contexts outside the one in which they were created.
Designing 'for design after design' involves considering the relation-
ships between people, methods, facilities, tools, materials, machines.
This relational view also supported the culture of prototyping devel-
oped within the Smart Textile Services project (STS), part of CRISP
(Tomico and Wensveen 2014). The STS testbed is a platform in
which prototypes are the drivers of design processes through a bot-
tom-up approach, and the act of prototyping is seen as a craft that
enables shared ownership and community building through dissemin-
ation of the work (exhibitions, facility sharing and designers
in residence).

William Gaver (Gaver 2012) echoes the idea that designs objects
should remain open for appropriation and appreciation by arguing
that “an endless string of design examples is precisely at the core of
how design research should operate, and that the role of theory
should be to annotate those examples rather than replace them.”

Seamful design presents yet another perspective that values the
complexity of design processes that argues for making the connec-
tions and gaps between physical, digital and social spaces explicit
(Rudstr€om, H€o€ok, and Svensson 2005). About design practice and
collaborative work, Anne Galloway questions the political and ethical
implications of "seams and scars" in design processes (Galloway
2007). More specifically, she argues that the "seams and scars" are
markers of past actions or interventions – like things that are cut
apart and put back together in a new way. Making them explicit sup-
ports us in questioning the conditions in which they occurred, mean-
ing how processes unfolded and what was the role of the players
involved. This can encourage a search for "places where interven-
tions can be made, or where potential can be found and acted upon"
(Galloway 2007).

While each of these design philosophies or research traditions
articulates our relationships around practical work differently, all of
these approaches look beyond user-centered design to acknowledge
and embrace the social, technical and material complexities involved
in design practice and, consequently, in Research through Design. In
our work, we explore this understanding of the relational characteris-
tic of design practice by questioning which strategies can assist us in
opening our experiments up to new relations and opportunities.

We focus on samples because, in HCI and in design research,
this is a broad term that has been used to refer to the outcomes of
materially driven approaches, meaning that the value and interactive
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possibilities offered by these prototypes is intrinsically related to their
fabrication methods and materials. Similarly to how research prod-
ucts are characterized (Odom et al. 2016), samples can be seen as
prototypes that are evaluated by what they really are and what they
can do. When engaging with such samples, we may discover that
more than the (interactive) qualities we planned on materializing are
present. These qualities and behaviors of samples are composed by
the negotiations between our intentions with those of the entire
socio-technical system of production: material, the machine and the
circumstances. When judged based solely on our intentions, a sam-
ple may be a failure or a success within our journey towards a spe-
cific goal. Yet, that does not eliminate the other opportunities its
qualities may offer to another process.

We build on these ideas together with the notion that this way of
working is akin to traveling (Goveia da Rocha and Andersen 2020).
The designer allows new ideas to emerge through a mindset that
invests time in creating things in collaboration with people, ideas,
tools and materials. The making process is curiosity driven, but the
designer is systematic about documenting experiments so that they
stay open for appropriation in other journeys.

3.1. Revisiting Samples

We presented the Embroidered Inflatables project at the
"INTERSECTIONS: Collaborations in Textile Design Research
Exhibition" (Morgan et al. 2019). The exhibition gave us the opportun-
ity of seeing all the samples as a collection, with the same type of fin-
ish and level of importance.

In preparation for the exhibition, we recreated all samples and
mounted them in acrylic displays (Figure 8). The sample series 1 to 5
were not cast in silicone to highlight the embroidery. The Interaction
Modes, on the other hand, were cast in silicone and connected to
syringes so that visitors could actuate them. While in design research

Figure 8
Display setup for the INTERSECTIONS Collaborations in Textile Design Research

Exhibition. All samples of Embroidered Inflatables project were recreated and
mounted on six acrylic displays. Visitors were encouraged to interact with the

Interaction Modes samples by actuating them through syringes.
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we are most used to creating new things or improving them, experi-
encing the process of "reproducing" samples brought us different
insights about the situatedness of sample making. We place "repro-
duce" here between quotation marks because, as Ingold points out,
no two steps are the same (Ingold 2010). The final outcomes were
highly reproducible because the embroidery files were the same, but
everything else was slightly changed. Unlike in the original set, we
embroidered all new samples in the same color for uniformity. The
machine was working sometimes better, sometimes worse than
before. There were different people in the lab asking us questions
about digital machine embroidery, what were we doing or how long it
would take before they could use the machine. Receiving questions
about embroidery while making them was particularly interesting as it
supported us in looking at our samples from new perspectives to use
them as answers. This way, recreating the samples allowed us to
deepen our appreciation of the technical attributes of the embroidery
and, more importantly, our understanding of sample making.

Such samples do not only present a high level of fidelity of look
and feel in relation to interaction capabilities. Samples are open
ended products with specific properties and behaviors. They are
instantiations of the socio-technical systems of production. While
their properties are concrete, their meaning is open for change
through negotiations with and within a given context (Bergstr€om et al.
2010). To us, this understanding of samples as becoming materials
does also relate to how we should allow our work to be revisited. As
designers who learn through making, the insights we gain from
experiments are also situated in the level of experience we have with
the production systems we interact with and the motivation that
drives our process at a given time. As such, we propose separating
the objects of design, the samples, from our design journey to allow
ourselves to come back to them for new negotiations.

To explore further this possibility, we invited a fashion design
researcher, specialized in wearable technology for a creative analysis
session. In the session, we used the embroidered inflatable samples
to discuss possibilities of designing interactive garments that included
our actuators. A vest with three integrated embroidered inflatables
(Interaction Mode 3 designs), one on each shoulder and one on the
lower back, was also used in the session as a starting point. Both
sets of samples were present but mostly the original set was used
because the samples could be easily taken out of the binder where
they were stored to be manipulated. This meant that the original
ordering of items in a series became irrelevant during the session.
Instead, they were all seen as a wide collection and samples were
analyzed based on emerging questions.

The session included two parts. The first part was an embroidery
workshop to explain the techniques used to create the samples. The
second part was a discussion of possible applications and the possi-
bilities of designing garments from the samples (bottom up
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approach). To allow unexpected topics to arise, we let her take the
lead of the discussion to ask things she felt that she needed to know
in order to ideate with and from the samples.

Her questions related to four main topics: actuation and expres-
siveness, color, layering of materials over the inflatables and transi-
tions between materials (from embroidered substrates to other
textiles). We detail the new opportunities that emerged through dis-
cussions in each of these topics below.

3.1.1. Actuation and Expressiveness

Most discussion points about actuation and expressiveness related to
understanding the possibilities of designing the inflatables through
digital machine embroidery. Questions on this topic included what the
size and shape limitations of the inflatables were and how the airways
could be integrated. These questions could be easily answered
through our samples (Figure 9) because this topic was directly related
to challenges addressed during the process of making them. An inter-
esting point that emerged from this session was what other possible
functions could the actuators serve in wearables other than pushing
against the body: “Is it an option to create active behaviors on the gar-
ments through this technique?” To create push against the body, the
fit of a garment should be tight. Looking at creating active behaviors
on the garment instead opened up a different view on possible silhou-
ettes that could integrate the actuators. Consequently, a new perspec-
tive on the drapability of the samples emerged as a direction to
explore. Some features like the shape, the density of embroidery, the
direction of the embroidery and the thickness of the silicone could con-
tribute to a higher malleability of the resulting inflatables.

3.1.2. Color

We were not concerned with color during the creation of the original
samples. We only made active decisions on color for the exhibition,
opting for white for the sake of uniformity and to highlight the

Figure 9
Samples used to discuss actuation and expressiveness. The three samples dem-

onstrate three different active behaviors (a) Multi-state inflation, (b) symmetrical
inflation, (c) Unilateral inflation.
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embroidery attributes. From the perspective of the fashion designer,
however, knowing “What is the impact of the silicone and the embroi-
dery in color? Are there restrictions?” was essential to guide a bot-
tom-up process of designing a garment from the samples. A few of
the samples in the original set were embroidered in different colors.
Therefore, we could analyze the effect of the silicone over the thread
color by comparing the bright yellow and white samples with darker
pink ones. While the bright colors seemed unchanged under the sili-
cone, darker shades changed significantly, as seen in a sample from
series 2 (Figure 10). The density of the embroidery and the thickness
of the silicone also had an impact on color: the denser the embroi-
dery or the thicker the silicone layer, the more it darkened the color.
This could be used as a feature by exploring how to blend colors

Figure 10
Sample 2.2 recreated Flow. The color changed significantly after casting,

particularly on the denser areas.

Figure 11
We used layering in many of our samples. (a) To create Interaction Mode 3, we lay-

ered sheets of water-soluble stabilizer in between different stages of the embroi-
dery. (b) This sample was made by layering embroidery under the inflatable area to

direct the inflation and appliqu�eing the water-soluble film to determine the
inflatable shape.
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through embroidery gradations as well as through varying sili-
cone thickness.

3.1.3. Layering of Materials over the Inflatables

In our work, we overlayed embroidered designs and materials to cre-
ate specific properties and actuation behaviors, such as the behav-
iors seen in Interaction Modes 1 and 3 (Figure 11). Although layering
techniques were fundamental to design our samples, in our process
we had not considered how layering could be used to change the
surface of the inflatables. For the fashion designer, knowing whether
it was possible to cover the silicone could open up opportunities for
making decisions on concepts for application and look & feel of the
inflatables: “Is it possible to cover the silicone? Say, add a liner for
comfort or an outside material in case I do not wish the silicone to be
visible?.” Although we knew that layering could be used in multiple
ways, including embedding or appliqu�eing extra materials, this helped
us realize that the technique could be used to add lining, texture or
other effects to the samples.

3.1.4. Transitions between Materials

The question about the transition between materials pertains to fit.
We explored fit in sample series 2 (Figure 10), in which the full form
factor of Flow was recreated. From those samples, we knew that
one interesting direction to explore was to manipulate locally the fab-
ric character of the embroidery and so create properties like stretch
in parts of the wearable for improving fit. During the session, an alter-
native approach emerged. Looking at the vest as an example, she
suggested that “for a more forgiving fit, the side panels of the vest
could be stretchable." The samples created in series 5 demonstrated
that we could achieve a robust integration between embroidered
substrates and other textiles, both woven and knitted. However,
these transitions only included straight lines. To explore a more
organic and subtle transition, we created an extra sample together
(Figure 12). In this sample, we already began to move towards a new

Figure 12
Inspired by lace and lingerie, a new opportunity of combining the embroidered

substrate and other materials emerged from samples of series 5 and
Interaction Modes.
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direction to explore the delicate qualities of lace and transitions
between lace and other textiles as seen in garments such as lingerie.

Through this session, we could demonstrate how samples can
potentially be appropriated to open up new opportunities. As poten-
tial new directions, we identified opportunities of appropriating our
samples, including: searching for qualities of drape; creating blends
of color through the combination of silicone and thread; applying our
layering for other ends such as lining to garments; and further explor-
ing the delicate quality of our substrates.

3.2. Strategies

In design research processes we tend to treat our understanding of
experiments as permanent and conclusive. In this view, an experiment
is a failure when it does not offer us a direct way of progress towards
our goal and it can therefore be discarded. In such an approach, new
findings come from making other things towards new goals. Embracing
ambiguity as a resource (Gaver, Beaver, and Benford 2003), the traveler
approach sees that "the finding of new things also means looking at old
things with new perspectives" (Goveia da Rocha and Andersen 2020).
This means that instead of discarding samples that deviate from a given
goal, they can be left as open opportunities for drifting (Krogh and
Koskinen 2020) towards future journeys. To enable this, we need to
explore strategies that support us in preserving encountered opportuni-
ties. Through our experience with the Embroidered Inflatables, we found
that considering how we document and present our samples is key to
ensuring they can be seen as open opportunities.

3.2.1. Documenting Samples

The process of sample making through digital fabrication tools
presents a challenge of decentralization of data over all the socio-
technical systems of production. The knowledge created from mak-
ing a sample is divided between the experience of making, the digital
file, the hardware we use, the post-production and our interactions
with the samples. To appropriate a sample in a new journey, we
need all of this data to be accessible. Therefore, we see the integra-
tion of data as a key factor of allowing samples to outlive the proc-
esses that create them.

As previously stated, emergent questions lead our process of
making the Embroidered Inflatables. Considering that we did not
know which samples would turn out to be the most interesting or
when we would return to them, the likelihood that we would have for-
gotten the details of how a sample was made was high. To support
this, we kept a spreadsheet with very detailed documentation of the
samples. The format we used recorded data from a) the design jour-
ney, b) the software and hardware technical specifications, and c)
our experience with the sample. During the process of making, we
mostly used this documentation to reflect on our design journey,
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registering what happened with each sample and what could be
done next. Later, the documentation also helped in identifying corre-
lations between sewing attributes and material properties or active
behaviors of the samples.

Integrating the data about each sample helped us develop a sen-
sitivity about the relationships between materials, digital assets, and
the machine that is necessary to appreciate what each sample is or
can do. It allowed us to see the motivations and interpretations that
carried us through our design journey, while preserving the details of
how they are made and what they can do (properties and behaviors)
in a way that allows for appropriation and new interpretations.

Documenting the design process can be time-consuming
(Dalsgaard and Halskov 2012). Further investigation on the ways of
documenting samples should be conducted to allow for as much data
to be collected and centralized without overburdening designers.

3.2.2. Presenting Samples

The way we present or store our samples carries an impact in their
actionability. Our sample series were presented in two formats: a
binder used to store all the samples with their corresponding docu-
mentation and annotations; and six acrylic displays that showcased
the five-sample series and the Interaction Modes series. On its own,
the binder emphasizes the apparent linearity of the process, support-
ing the telling of a story of how we succeeded in achieving our goal.
The exhibition displays, on the other hand, puts all samples at the
same level of importance, supporting an overview of the
design process.

Throughout our new analysis of our work, we began to explore
these formats as ways of supporting revisiting samples. We found
that it is important to create ways to reach the samples (the material
and the documentation) both individually and within collections.
Collections help us in identifying similarities and differences between
samples but also gaps of opportunity regarding topics that we have
not yet contemplated. Engaging with samples individually supports
us to reinvestigate them, leading us towards engaging with other
aspects of the socio-techno system of production they embody.

In our process, we dealt with samples as a collection, sub-
collections (each sample series) and as individuals. We imagine that col-
lections should expand beyond a single project to embrace an entire
body of work, open to being revisited. For that to work, we should be
able to easily access material samples and their documentation.

4. Conclusions
Inspired by the streams of thought in design research that aim to cre-
ate a broader context for design research processes, we have pre-
sented a perspective on samples in Research through Design. This
perspective builds on ideas presented by the travelers’ approach,
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which proposes that not only the experiments that fit coherent stories
should be valued. Seeing each sample as instantiations of socio-tech-
nical systems of production, valued for what it is and does, supports
us in keeping samples open to potentially kick off new processes.

We developed this through a description of the sample making
process of the Embroidered Inflatables and with our reflections on
the strategies that enable the revisiting of samples to answer new
questions. Suggested strategies included integrating the data about
a sample into a single form of documentation and dealing with sam-
ples individually as well as in collections.

In our session with a fashion designer, examining samples for
what they were and could do supported us in identifying opportuni-
ties for other design journeys. While the limitations and implications
of taking this approach to samples still need to be explored further,
we believe this approach offers the possibility of fostering different
relationships with samples within and across projects. Further work
in this direction should seek to further specify the characteristics of
such samples and investigate documentation formats.

Lastly, we recognize the need for deepening our understanding of
the moments when this approach may work. Our samples did lend
themselves to the possibility of being revisited, and arguably, this hap-
pened because they are material samples, which makes it easier to
disconnect them from their original contexts. In addition to this, with
the exception of series 2, our samples did not have form factors that
connected them to a particular use. This may have facilitated us in
playing with them to find interesting qualities to be explored elsewhere.
Can other types of prototypes, constructed for specific application
contexts, also be easily treated this way? In the future development of
this approach, it would be valuable to explore whether research prod-
ucts (Odom et al. 2016), prototypes of high level of fidelity and finish,
can be treated in the same way as our samples.
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