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I

n our modern society we find ourselves increasingly surrounded by screen based interfaces. These
interfaces make use of our capacity to visually perceive and process information effectively. The reason
why we have focused on developing this type of communication is because visual communication is more
impactful than other types of communication. Our human brain is able to simultaneously process different
types of information that we perceive visually, in contrast to, for example verbal communication, which
follows linear processing sequence.
Even though visual communication has proven to be efficient and effective, too much screen exposure can
have some detrimental consequences to our health. We find expanding evidence in research concluding
that being exposed to too many screens can cause, among other things, sedentary behaviour (Boone, et
al., 2007), reduced sleeping hours, reduced sleep quality (Christensen, et al., 2016) and especially impacts
children’s health negatively (Rosen, et al., 2014).

00
Prologue

Textiles are widely interwoven into our surroundings, we find them as our clothing, in our home interiors,
in our cars and in most public spaces. I believe, and emerging research shows that textiles could be
an alternative, capable, and compelling medium for interfaces. These textile interfaces would allow for
seamless interaction with our environment without the need of too many screens. The aesthetic appearance
of the textiles can be used as a means for communication in terms of interaction (Ross & Wensveen, 2010)
(Petersen, et al., 2014). Its appearance can be used as an initiation tool to attract users to interact with the
textile in a specific way, because of the flexible nature of textiles we can also program feedback in terms of
for example shape change (volumen, surface area, etc.), color change, etc.
I got involved in this subject through my interest in fashion. I learned that there was a market for smart
textiles when doing an internship at By-wire.net (a fashion technology company) during my bachelor in
Industrial design. This demand is generated by both technology focused companies and fashion focused
companies. After attending Fabricademy hosted by The Waag Society I realised that most of the electronic
textiles presented today are very experimental, low fidelity, and therefore failed to communicate its value
to professional design companies. I therefore decided to do an internship at Mercedes-Benz to be able to
create a better understanding on how the development of new materials within the car interior is handled.
This experience reinforced the previous statement of companies not being able to implement the intelligent
textiles because of the premature development state or for them to have a too “artsy” or couture-like appeal.
An (indirect) result is that they’re inclined to look for screen based interface innovations. To see how the
companies that bring innovation to the bigger companies such as Mercedes-Benz handle the emerging
potential of smart materials I carried out a project at the company Handmade, they are a product invention
lab who help other companies innovate. There I saw that due to the high time pressure in projects there is
often not enough time to gain a deep enough understanding of electronic textiles for them to be implemented
in their deliverables.
To be able to execute my vision I have to be able to work with textiles as well as creating (with) them.
During my internship at by-wire.net I helped fabricate electronics into garments as well as creating a minicollection. During this time I learned what it entails to create a collection of garments as well as how to
construct them. To gain more professional skills I attended the class Sewing Techniques elective at the HKU
fashion design department. After completing my bachelor Industrial Design I wanted to combine the more
traditional fabrication methods with digital fabrication methods and therefore I attended Fabricademy. Here
I learned how to combine traditional fabrication methods with more innovative fabrication methods using,
among other things, the laser cutter, Adobe Illustrator and grasshopper. I further developed my fabrication
skills during my master’s using 3D printing, digital embroidery and electronics to enable digital fabrication
methods, textile shape/appearance changes and to create smart textiles.
This final master project is another step in my aim to develop, commercialize, and to bring interactive (smart)
textiles closer to the people in our society as well as to use my skills and design abilities to impact people’s
health positively.
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01Introduction
The development of smart wearable textiles within
the design field has been in constant development
starting approximately in 1997 with the exploration
of a touch pad sewn onto clothing (Rekimoto,
2001)(Saponas, 2011). We have since then seen
contributions to the field of smart textiles from a
textile engineering perspective, from an electrical
engineering perspective, from a textile design
perspective and from an interaction design
perspective. For optimal outcomes we need to
combine these different fields to make sure that we
can optimize the development and implementation
of interactive textiles starting from fiber level to
fabrication methods with electronics to the design
of interactive textile behaviour to finally be able to
produce these on a larger scale.

the other hand we can find platforms that collect
content regarding (smart) materials in a library form
such as MorphUI and companies such as Material
Connexion. Most mediums lack the possibility for
people to experience these textiles (fabrication
outcomes) physically, and even when they do,
such as the case of Material Connexion, they are
not focussed on interactive textiles or backed by
research.
We propose a interactive textile library that provides
the textiles both physically and digitally, with the aim
to be able to provide information regarding:
- The potential of interactive textiles
- To bring innovation produced by the
research community closer to the commercial
industry
- To provide information regarding the design
features (both about the interactivity and textile
design aspects) of the textile
- To provide information regarding the
technical aspects (both electrical and textile
technology features)

This project presents a library in the form of an online
platform which showcases a collection of interactive
samples digitally and physically. These interactive
textiles use capacitive sensing technology and LEDs.
This interactive textile library (ITL) can be beneficial
for further development and implementation of
interactive textiles for both the commercial and
academic industries, by merging developments
from across different fields into one single platform.

In this project report one can find further literary
background on the subject interactive textiles, the
design process of the Interactive Textile Library, an
evaluation through the use of a focus group and a
final assessment with the different stakeholders
using questionnaires. Finally we discuss the future
potential of ITL.

Promoting the development of new interactive textiles
can be seen in the increase of prototyping tools
such as AdaCAD (Friske, et al.,2019 ) and Sketch
& Stitch (Hamdan, et al., 2018), or different tutorial
pages online such as Kobakant and Materialize. On
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Figure 1. Sample packaging for ITL,
Eindhoven 2020

02Background
Textiles are anything made from fibrous materials. This includes fabrics and any material that
is constructed though knitting, braiding or other fabrication methods (Castano, et al., 2014).
As said by Lomov et al.“Fabrics are hierarchically structured fibrous materials” (Lomov, et
al., 2001), meaning that there are different levels that eventually construct a textile. Fibers
are interlaced to form thread, which get twisted to form yarn. Yarn turns into fabric when
using different techniques depending on whether we are creating a woven or a non-woven.
Woven materials make use of techniques such as braiding and weaving (Castano, et al.,
2014), while non-woven materials use techniques such as adhesive bonding, thermal bonding
or the compression of yarns (Dubrovski, et al, 2005). Finally when combining different fabrics
we get composites. The nature of the fibers used to construct a fabric determines a lot of
its characteristics such as water absorption (Gioello, 1982). It is relevant to understand the
construction of a textile because textile engineers, when seeing new types of textiles, first look
at the production process of the textile in order to understand, interpret and further develop
new ideas.
From an electronics point of view it is important to understand the structure of a fabric to
identify how and where one can integrate electronics. Currently the main methods used to
develop interactive textiles are post-production processes or treatments such as embroidering
(Aigner, et al., 2020), sewing (Parzer, et al., 2018), braiding (Olwal, et al., 2018), and laminating
(Buechley & Eisenberg, 2009) (Klamka, et al., 2019). The approach that allows for more
integration is when electronics are woven with regular yarns to form a textile (Parzer, et al.,
2018)(Satharasinghe, et al., 2018) (Friske, et al.,2019 ).
As defined by Spillman smart material, or in this case smart textiles, are the textiles that present
a “clearly defined reaction as a result of a clearly defined stimulus” (Spillman, et al.,1996). In
the domain of electrical engineering we can define the stimulus also as a sensor, and the
reaction as an actuation. The term interactive textiles is not yet used abundantly across the
different disciplines. The reason for choosing this term within this project scope is because the
term interactive already implies that there is an extrange of behaviour and reaction, this textile
reaction can be initiated because of intrinsic modifications (changes in the textile) or extrinsic
modifications (changes in the environment) (Castano & Flatau, 2014).
To encourage the production and development of interactive textiles we see different toolkits
and methods being developed. Sketch & Stitch presents a design workflow and digital
fabrication method that support the creation of electronically enhanced textiles (Hamdan, et
al., 2018). Others have developed a modular way to prototype interactive textiles (Klamka,
et al., 2020). Likewise, AdaCAD presents the development of a software that allows for the
design of smart textiles (Friske, et al.,2019 ). This tells us that there is not only interest in new
technologies and functionalities in the field of interactive textiles but also clearer ways of
fabricating these. In this project, we will therefore not only introduce the samples but also a
way to communicate their fabrication methods.
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03Benchmarking
I made this benchmark by first noting all the different companies/websites that I knew and researched that
could be related to ITL. Secondly specified what they did and classified them. Thirdly, I went through them
specifying who they targeted, what they exactly did, what their strengths and limitations were and how I
could apply this information to ITL. Find the full description and analysis in Appendix A.

TUTORIAL PAGES
These are online websites that offer information regarding the production processes of interactive
textiles. Examples of pages are Instructables, Kobakant, Materiability. The main users of these
pages are The Maker Community, who are also often the ones creating the content. The limitations
of these types of pages include that they do not follow a structured and consistent format, the
presented outcome is often not aesthetically pleasing and they do not specify enough information
regarding the technology, interactive features and/or textile properties. Positive aspects include
that they often use widely available materials and they classify certain interactive textile qualities
(e.g. sensores, actuators).

LIBRARIES
These libraries can be found in the shape of an open source website, like MorphUI and
Fabricademy course website, others are independent companies with a physical material library
such as Material Connexion. The users of the open source websites are mainly academics or The
Maker Community, while the paid for and physical libraries have other businesses as their clients.
Limitations of these libraries include that generally there are no application scenarios included.
Advantages include filtering systems

COMPANIES
Incorporating interactive textiles
Companies that are incorporating interactive textiles. These include companies such as BMW, and
Levi’s. They are mostly the larger companies that have funds to invest in this emerging technology.
A downside is that it often is presented in show models, or the interactivity of the textile in the
product does not convey a clear advantage to using screen based interfaces such as one’s
phone. A benefit of the bigger companies incorporating interactive textiles is that they are often
the “trendsetters”. Once they launch new ideas that gain a lot of traction, smaller companies are
soon to follow incorporating that type of innovation within their own work.

COMPANIES
Focused on interactive textiles
These companies are companies such as Pauline van Dongen, Iris van Herpen, Benaz Farahi
and CuteCircuit. Because these are smaller companies oftentimes the interactive textile or textile
innovation is presented in a showcase format, not reaching the commercial users. These companies
are often relatively small, which often means that they collaborate often with experts from other
companies and allowing them to be hands-on in terms of developments.
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04Stakeholders
The stakeholders of this project are divided into users of the content presented in the Interactive
Textile Library and the potential content creators.

Textile designers
Textile design is the technical and creative
procedure of planning, designing and producing
fabrics through processes such as knitting or
weaving.
These relate to the design of interactive textiles
in the sense that they, when understanding the
technology, would be able to fabricate alternative

fabrics using the same techniques.
In this project the textile designers are represented
by the textile designer Milou Voorwinden. She is an
expert in the area of woven textiles and often tries
to incorporate new types of yarns and construction
methods in her work.

Their role in this project

1.1. USERS ITL

She takes part in the final evaluation of the ITL.

We can classify the potential users of ITL mainly into three different types of expertises. These
different expertises are chosen because they either work with textiles, electronics and/or design
interfaces and products. They can also be found as members in multi-disciplinary teams or
collaborations. These expertises are:

Value propositions for Interaction designers
Gain more understanding of the technological implications of an interactive textile.

Electrical/textile engineers

Interaction designers
As said by Jon Kolko, interaction design can be
defined by the design of the dialogue between a
person and a product, service or system (Kolko,
2010).
In relation to interactive textiles, they (could) use
them or design them for, or in, a product, service
or system. These experts can be found in design
agencies, but also as part of a team of companies
such as Adidas, Mercedes-Benz, Nike, etc.
During this project this stakeholder group is
represented by a team from the company

Handmade. Handmade is a design agency who
also define themselves as a product invention lab.
They develop new concepts for companies such
as Dell and Mercedes-Benz. The team members
have all completed an education in either Industrial
design (at the University of Technology Eindholven
or University of Technology Delft) or Interaction
design.

Their role in this project
They take part in three different focus group sessions throughout the project.
Value propositions for Interaction designers

Both electrical and textile engineers offer a
technical perspective. Electrical engineers are
experts in the field of electricity, they work on the
level of components, devices and systems. Textile
engineers deal with all aspects of the textile from
the machinery it is produced with, the products it
can fabricate and the fibers that construct it.
Interactive textiles will often need electronics. These
could be integrated within the textile, it could make
a composite or it can be used to power and control
the interfaces. From a textile engineering point of

view insight regarding the material properties that
constitutes the interactive textile and the production
methods.
In this project the textile engineers are represented
by Hannah Koch, a PHD researcher from RWTH
Aachen University. She is an expert in the field of
4D textiles, and the intersection between material
science, engineering, and design.

Their role in this project
Hannah Koch takes part in an initial curation meeting, and takes part in the final evaluation of ITL.
Value propositions for Interaction designers
Quick information regarding fabrication methods (Textile and electrical) of interactive textiles
Insights into components and materials needed to construct an interactive textile
Inspiration regarding functional properties of the interactive textile.

Inspiration material
Time saving - money saving (no need to spend a lot of time trying to build up basic knowledge
from multiple sources)
Efficiently finding textile technology that suits their needs.
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1.2. POTENTIAL CONTENT CREATORS
In the scope of this project this part is looked at when discussing the future roadmap of ITL. It has
been discussed with the representatives of the previously mentioned expert areas. Since their
works are all linked by textiles we could say that they could each also be a content creator. Since
their main motivation to participate would be extra source of income and exposure, I assume
that the smaller companies and stand alone designers would be interested to become a content
creator. Another important source for the development of the content for ITL is research. Academic
researchers are important stakeholders because they often present viable innovative ideas that
show potential for the commercial industry.
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05Branding
FONTS

At the beginning of the project I created a branding manual for this project to
be able to generate a consistent look and feel throughout the deliverables of the
project. This is not only for consistency but also to better convey the value and
potential of ITL from a real life business perspective.

LOGO

LOGO VARIATIONS
Logo variations are only to be used in cases that the main logo cannot.

Big Caslon

Corporate font

HELVETICA LIGHT

Primary font

Helvetica bold

Secondary font

Helvetica Light

Secondary font

Helvetica Light Oblique

Secondary font

Used for subheaders

Used for subheaders

Used for paragraphs

LOGO PLACEMENTS

12

Used for headers and
titles.
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Used for accentuations in paragraphs

COLORS

CORPORATE IMAGE

Primary colors

Clean, soft, clear, neutral

These colors can be use for headers and text.

#FFFFFF

#000000

#EAEAE8

1.

2.

3.

4.

Secondary colors

These colors can be use for packaging accentuations or high-lights.

#abc9ce

#edd59f

#c9bbc8

#c8c19d

1. (S., 2018) 2. (Ludwig, 2019) 3. (Berndt, 2016) 4. (S., 2019)
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06Design guideliness
The design guidelines were partly defined during the project proposal. Additional
design guidelines were added at the start of the project after gaining more insights
from the benchmarking and the in depth profiling of the stakeholders. For clarity
purposes, the guidelines have been separated into the digital library and the
physical sample.

07Design process
Based on my past experiences and implementing the design approach I have developed
over the course of my Bachelor and Master in Industrial Design. I have an intuitive design
approach. Starting from inspiration and past experiences I design by prototyping, reflecting,
and validating. A total of 3 iterations were carried. After the first two iterations focus group
sessions were used to validate and further develop the design concept. After the last iteration
an evaluation sessions were carried out with the different stakeholders.

DIGITAL LIBRARY
It should communicate what potential industries the interactive textiles could
be used for
Users should be able to locate the samples that they received physically on
the digital library.
The content on the library should inspire to create, adapt or use interactive
textiles
It should communicate information from different expertise perspectives
(electrical engineering, textile, design)
It should be easy to navigate
There should be video material clarifying information regarding the samples
Each sample will be photographed from four different perspectives: textile
close up, front view, over head angle, over head angle with hand and 3/4
angle.

PHYSICAL SAMPLES
They should aesthetically invite interaction and spark interest
They should function as either an input, output or both
The different input and output should be able to be connected to each other
The main color must be white, not only to avoid bias but also because the
human eye sees sharper defined edges and detail in white.

Figure 2. Project time line

The size of the sample should be squares of 20x20 cm (to be able to
experience the sample with both finger and hand)
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FIRST ITERATION

Based upon the design guidelines I carried out a first sample exploration in which I explored the potential
aesthetics of different interactive surfaces on textile by using a digital embroidery machine and different
techniques such as weaving and lamination. Secondly I created an information card that provided information
regarding an interactive textile that I had made previous semester, together with two other students, in the
elective Interactive Materiality.

Breeze

THE MATERIAL
Brand Name
Material group
Composition
Design Technique
Electronic features

Tulle
polymer mesh
40% Polyester 60% nylon + PLA
weaving + 3d printing
magnetic coil, proximity sensor

THE AESTHETICS
The sample is made out of a white semitransparent fine net mesh fabric on which a 3d
pattern creating a 3d relief. This 3d effect is caused by 3d printing on the tulle fabric while
it was in a stretched position. Upon release, the fabric returned to its original position
creating the 3d relief.

THE TACTILITY
The sample is made out of a white semitransparent fine net. When touching the sample,
one notices the soft tulle fabric with semi-flexible plastic elements.

THE BEHAVIOUR
The sample pulses imitating a breathing rhythm, it reacts to the proximity of one’s hand by
increasing its pulse emulating a heartbeat.

THE ELECTRONICS
The electronic components allowing the materials behaviour consist of a electromagnetic
coil placed approximately 5 centimetres beneath the textile surface, a magnet (diameter
of 3cm) on the backside of the tule, a proximity sensor placed in the lower right corner to
detect and measure one’s proximity and an Arduino connected to a power supply.

Figure 3. Embroidery Exploration
Figure 6. First exploration on how
and what information to provide.

Figure 4. Experimenting
conductive surfaces

with

Figure 5. Resulting samples of fist
iteration
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Focus Group Session 1
PARTICIPANTS
Four employees of the company Handmade.

MAIN FINDINGS

Phase 1: introduction to the project and initial observations
The reaction to the project concept was positive. They mainly mentioned that the ITL
would fulfil two main purposes for them; first, to discover new design opportunities
through getting inspired by the interactive textile samples. Secondly, to more easily
customise and integrate interactive textiles within their current projects.
“We would want to use it for inspiration on using textiles, to get inspired to also
use textiles where previously we had not even considered it as a possibility.”
“We would also be able to search for a very specific type of sample, for instance
when wanting a touch element or when we want to integrate shape change within a
project.”

METHOD
The first focus group session took place with a total of four participants. The
aim of this focus group was to gain in-depth understanding of the needs
and perspectives regarding the Interactive Textile Library (ITL) and the first
iterations of four samples.
A semi-structured discussion took place consisting of four different phases.
Firstly, an introduction to the project concept was given using slides with visual
aids, explaining the aim of the project, the physical product and the digital
product. Secondly, to get a clear idea of the information that the ITL needs to
provide a textile sample was given to each participant while they were asked
to write down the information that they wish they had been given about the
sample. Thirdly, an open ended discussion took place addressing the way
the information could best be provided (digitally or physically) for them to
efficiently and effectively use the samples in their own design work. Lastly, we
discussed what type of actuated textiles would be of relevance in the industry
that they are working in and with.
The findings of this focus group session were recorded in the form of written
annotations by the participants and myself. The written notes from the
participants and from myself were then put together in a summary, organising
and categorising the different discussed topics and insights, from which the
most important insights were deduced.

Phase 2: giving missing sample information
When using unfamiliar materials or technology it can be a difficult to implement them into
ones’ design work. Therefore I wanted to start a discussion uncovering what information
they would need and want to use and understand the textile samples best.
Phase 3: digital or physical information
From the informal discussion concerning what information should be provided digitally
and physically the following points were gathered:
Most product information is desired on the digital ITL
A label or code on the physical sample to quickly access 			
digital sample
Can I see video of the movement, shadows/reflections, zoom 		
in zoom out stretch it.
Wanting to save the files on dropbox or to add more files onto 		
the platform.
There could be a sliders indicating how customisable a 			
sample is.

Phase 4: relevant textile actuators
Next to touch sensors I would like to integrate actuators in the ITL. During this last phase
we discussed what type of actuators they would be interested in as a designers. There
was an even divide between two main topics. Firstly, they were interested in seeing
different variations on shape changing textiles. Secondly, they wanted to see variations
on how technology could be aesthetically and seamlessly integrated within textiles, to
then produce higher fidelity product concepts for their clients.
“We are often faced with shape changing challenges, that includes how to make
the textile move in a aesthetically pleasing way and how to connect hard mechanical
parts with textile”
“Often we struggle with how to integrate technology such as lighting within textiles
in a integrated or invisible way”
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ANALYSIS
Information
As can be seen in Figure 7, the different points given by the participants
regarding what information needs to be provided in the ITL were clustered
into four different themes.
Technology. The information requested regarding the technology of the sample
was focused on discovering its possibilities, limitations and usability. During
the open ended discussion they indicated that they would first look at the
material properties and then get more into the technical components to further
understand possibilities and measure compatibility with their projects. This
information could best be provided digitally to search for specific information.
The interactive textile. This section could be divided into two sub-sections:
Textile/Material information: Passive textile information such as
flexibility, permeability, durability, etc.
General information. Active information, they found it particularly
interesting for it to be described what exactly the material could do and not
do. They later mentioned that they would also like to be told how to explore
the material. This general information would be needed to understand how the
sample could be used in their projects.
Hacking the sample. As designers you continuously adapt technology and
materials to what your project needs. This is one of the sections that was most
important to the designers because it has a big impact on their time efficiency
and limitations or possibilities to their own creativity. From the different

conversations, one could notice that in order for them to customise the samples
they would first need to fully understand how it could be reproduced. This is
very important to them because they would want to integrate the knowledge
that ILT offers within their work and understanding how to build and change
the sample is the foundation of that.
Lastly, the fourth section were random interest, including some legal information
and an outlook on future ITL developments.
Physical and Digital information
During the discussion regarding what information should be presented digitally
and what information should be physical they responded unanimously that all
information should be presented digitally. Depending on the relevance of the
information, not everything should be visible at the same time, but should all
be easily accessible. Additionally to understand the samples they were very
keen on having videos showing how the sample should be interacted with and
what its possibilities are. Their argument for using videos was that it was faster
and easier to see and understand the samples than reading about it. The only
physical information that they wanted was a QR code to connect to the digital
sample information. Since physically the sample contained all the information
they needed.
Relevant Textile Actuators
There are convincing arguments for focusing on one topic and producing
several samples, as well as, producing samples with different technology
integrated in a very seamless and aesthetic way.
In the current industry there can be found many different tutorials for smart
textiles, but they never reach a professional look. To convey the potential of
smart textiles this is an important aspect that needs to be developed to the
design industry. On the other hand there are so many different types of smart
fabric tutorials available that often they lack more advanced variations on a
single technology or function. Therefore, a single technology with multiple
variations would allow one to go more in-depth on one topic, most likely
reaching more advanced results.

Figure 7, The different classifications and some of the corresponding questions asked by the
participants

22

23

SECOND ITERATION

During the second iteration the main focus was towards the design of the digital interface. Starting from
sketches I created different versions of the design in Adobe XD, where I was also able to map the behaviour
and navigation aspects of the future website. To be able to discuss and assess the digital design in the
following focus group I translated the design into a website made with the Wix.com website building tool.

Figure 10. First
wireframe (UI)
exploration

Figure 11. Second wireframe
(UI) exploration

Figure 8. First ITL design in Adobe XD

Figure 9. Second ITL design in Adobe XD
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Figure 12. First Sample library
exploration in Adobe XD

Figure 13. Second Sample
library overview exploration in
Adobe XD

Figure 14. Second Sample
library exploration in Adobe XD
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Figure 15. Wix website
design - Library/home
page
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Focus Group Session 2
PARTICIPANTS
Five employees of the company Handmade.

METHOD
The first focus group session took place with a total of four participants. The
aim of this focus group was to gain in-depth understanding of the needs and
perspectives regarding the Interactive Textile Library (ITL) .
An online semi-structured discussion took place using a collaboration platform
called Mural. The session consisted of three different phases. Firstly, I asked
them more about their expertise and their background. Then I let them navigate
through different parts of the website and asked them questions regarding their
preferences and concerns. Lastly, we discussed what the value propositions
of this format would be for them.
The findings of this focus group session were recorded in the form of written
annotations myself, and the digitally annotated responses by the participants.
The annotations from the participants and from myself were then put together
in a summary, organising and categorising the different discussed topics and
insights, from which the most important insights were deduced.

Figure 16. Wix website
design - Sample page
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Learning points
Users want to see more video content of the interaction with the textiles to fuel their
creative process and to get inspired
Figure 17. Mural work space and
the participants’ responses

FEEDBACK

They need a good understanding of the materials and components used to identify
how or with what it could be replaced
If the content provided is paid for, the physical sampls, fabrication methods and
other information must be robust and reliable

Expertese area
They mostly identified themselves as product and or interaction designers. An
interesting aspect of this statement and the discussion that followed was that
interaction design is often associated with digital design. By associating the
term Interactive, in this project, with physical materials will help to reinforce the
importance of interaction design in the physical realm.

Finding inspiration
Usually they search for inspiration online on platforms such as Reddit or use
Google as a search engine to find works that could help their current projects.
An important aspect to note is that when they find something that inspires them
they look for features that they could prototype. Oftentimes their inspiration
material lacks information such as the technology that is implemented or how
it is produced.
Other content
Specific feedback regarding the website were points such as wanting to see
application scenarios, replaceable or alternative materials and wanting to see
videos of the material being interactive.
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08Design Outcomes

Design outcomes

As mentioned in the proposal, there
are two main design deliverables of this
project:
Digital demosite of the library
An interactive textile sample 			
collection

Figure 18. Collage of final
deliverables

PLEASE VISIT THE WEBSITE BELOW TO
EXPERIENCE THE FINAL OUTCOME
www.interactivetextilelibrary.com
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VIEW THE DEMO DAY VIDEO TO SEE
THE FINAL CONCEPT (click on image to
play)
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09Final Evaluation

MAIN FINDINGS

Figure 19. Response to question: The data
that the library provides about the samples

PARTICIPANTS
Hannah Koch (textile engineer)
Handmade (Interaction/product designers)
Milou Voorwinder (textile designer)

METHOD
A semi-structured interview was carried out in combination with a
questionnaire, containing an assignment which entailed connecting two
of the samples of the ITL Basic collection. All participants received the
collection physically before the evaluation. The interview started with an
introduction to the aim of ITL followed by a description of the project. The
physical samples were then unpacked and looked through, before starting to
connect the Textured Button (input) with the Embellished Light (output). Then
followed an assessment of the relevance of the concept in the participants’
area of expertise (questions were answered in the questionnaire). The
session concluded with the completion of the rest of the questionnaire.
The findings of this evaluation session were recorded in the form of written
annotations myself, and the digital responses in the questionnaire form by
participants.
..

Figure 20. Response to question: What do
you agree with most?.
75% got inspired by seeing the physical samples.
75% thought that the information provided by the online library was enough
All participants switched viewer modes (technology, textiles, design) when navigating
the digital libraty
The quality of the samples was compareed to:
Zara Home,
Rituals Packaging
First stage prototypese
Many comments were received reegarding the video content. They all agreed that
the videos provided showed a lot of very useful information regarding the physcial
characteristics.
Most benefits of the project outcome included that it would help them to:
increasee speeed and efficiency
reduce fabrication time of first product proto			
types
To show possibe applications of their work
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10Business Proposal
I have used the Business Model
Canvas to draw a clear picture of
the business potential that ITL has.
This model has been created with
my previously acquired electives
and courses about business and
management. A future step would
be to evaluate this business model
with an expert and to further
develop a financial plan.

The Business Model Canvas
Key Partners

Key Activities

CLIENTS
Design agencies
Product design companies
Textile designers
Textile engineers
Electrical engineers
Interaction/product designers

Reserach and development of new
interactive textiles
Providing customer support
Initiating and maintaining collaborations with (potential) co-creators

Designed for:

Interactive Textile Library

Value Propositions
Companies/designers will no longer
need to invest large amounts of time
into gatherin information about
interactive textiles from multiple
sources.
Speeding up the design process of
interactive textiles within companies.

CO-CREATORS
Textile desig
Interaction/product designersners

Designed by:

Julia van Zilt

Customer Relationships

Customer Segments

Clients buying textile collections
will receive dedicated personal
assistance.

This business aims at the
niche market of interactive
textiles. ITL would fulfill a
supplier-like role in a business-to-business system.

Co-creators (creating collections to
be sold on the ITL platform) will
receive a combination of automated services and a co-creation
relationship.

Providing cross-discipline information regarding interactive textiles

Key Resources

Exclusive content

Channels
The channels through which we
will provide the product and
service will be directly owned by
ITL.

Access to academic papers
Electronic components
Textiles
Packaging

Cost Structure

The links to external websites to
buy for example electrical components are through indirect partners

Revenue Streams

ITL has a value-driven structure.
The cost structure that we have is economy of scale. As ITL sell more, more resources can be
bought in larger quantities lowering the unit price.

Subscription fee - of content creators
Asset sale - Selling ITL collections
Brokerage fees - Commission over sold collections from content creators & Commision over
purched components and material from external companies (linked to on ITL)

On the other hand we have fixed costs, which include salaries, manufacturing costs, rent of
the production space, domain costs and machine rental

This work is licensed under the Creative Commons Attribution-Share Alike 3.0 Unported License. To view a copy of this license, visit:
http://creativecommons.org/licenses/by-sa/3.0/ or send a letter to Creative Commons, 171 Second Street, Suite 300, San Francisco, California, 94105, USA.

: Strategyzer AG

strategyzer.com

The makers of Business Model Generation and Strategyzer
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11 Future
As the interactive textile industry is gaining more traction there is a potential
future for ITL. Based upon current and emerging technologies I have formulated
three different future visions for ITL aimed to potentially be reached in three
different time spans.
In the future different experts from the different associated domains must review
the content of each sample to make sure of the quality and completeness of the
information provided.
ITL should be a rich source of content, therefore we would aim to further
develop interactive textile collections ourselves, as well as include different
external designer/expert collections. The samples and information provided
by the external parties will be presented in the same format as the original
content. To assist in further development of the textiles acquired by clients we
aim to link design consultants (from our own ITL team) and the external content
creator with the clients.
In a further future ITL does not only aim to provide textile samples and
development assistance, we would like to have the methods and possibility to
produce the textiles presented on the platform on a larger scale. To achieve
this a close collaboration between ITL and the textile production would be
necessary with the aim to set up production processes that would allow for the
integration of electronics and 3D printing among other techniques.
Taking into account the future vision of radical atoms (Ishii, et al., 2012) in a
distant future ITL would not only function as a library but it would be able to
provide textiles (ideally that ITL has developed) that would be able to change
its physical properties on demand. In that case ITL would be able to provide
an example library showing the potential of that textile, fabrication methods,
and methods to manipulate the textile to reach the clients’ aim. This way ITL will
remain a library and tool for designers, engineers, textile experts.

Figure 20. Embellished Light from ITL, 2020.
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12Expertise Areas
Over the course of this final master project I have been able to integrate my knowledge
regarding the different expertise areas. My main two expertise areas are Technology and
realization & creativity and aesthetics.

TECHNOLOGY AND REALIZATION
During this project I have been able to present a product-service system that uses electronics as a
means to enhance the natural functionalities of textiles. Deciding the appropriate technology for these
samples led to a relatively straightforward type of technology, yet this has been an important decision
to be able to create robust prototypes and to convey the future potential of interactive textiles to people
who are not familiar with technology at all. Most projects have different possibilities and limitations,
therefore I tried to incorporate relevant information from the different stakeholder perspectives, this way
they can assess the technical and economic feasibility of the interactive textiles for their project scope.
My main achievement has been creating a consistent modular system, that during the evaluation,
proved to be “plug and play”.

MATH, DATA AND COMPUTING
In my previous work math, data and computing skills often come in to play when generating parametric
textile designs. During this project I have implemented this expertise area in the sense of mapping the
way the users would navigate in the online library and between the different views as well as designing
the modular sample system.

BUSINESS AND ENTREPRENEURSHIP
CREATIVITY AND AESTHETICS
Creativity and aesthetics play an important role in my vision and identity. I have used aesthetics
to create a consistent look and feel throughout the project across the physical and digital domain.
Using white as a primary color of the physical samples with accentuation colors has allowed me to
visually communicate the positioning of the interactive areas on the textiles. In the case of the actuated
textiles, my aim was to show that one can use “simple” electrical components such as LEDs and
through design create a qualitative and aesthetically pleasing outcome. From my point of view what I
think is the biggest achievement in terms of this expertise area is that the samples and the information
provided on the platform is that the evaluation shows that it stimulates the user’s creative process.

During this project I was able to create an overview of existing companies and to define the position
of ITL in relation to them. Filled by the definition of different value propositions for the different
stakeholders. These value propositions would often lead to economic business value in the sense
of saving time and money, speeding up the design/development processes or to promote multistakeholder collaborations. I also have been able to generate a model that could generate income for
contributing designers and companies while benefiting the development of interactive textile content
of ITL.

USER AND SOCIETY
Even though my vision aims at bringing the value of interactive textiles to users in their everyday lives
I believe that I have been able to position myself in a way that promotes broader impact across the
industry responsible for the development of these textile interfaces. The first step to reaching my vision
is to promote and convey the value of the implementation and development of interactive textiles to
the different stakeholders in the industry.
Using people’s natural sense of perception I have been able to use aesthetics to spark interest and
persuade users to interact with the textile samples. I think that my main achievement in the domain
of this expertise area during this project has been to translate the multi-stakeholder involvement into
a user interface where each stakeholder would be able to find information in their own domain as
well as in the domain of their potential collaborations, team members, or simply to get a broader
understanding of the material.
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13
Conclusion
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This final master project has
shown a potential productservice system that aims to
bring innovation from across
different disciplines with regard
to interactive textiles together
to promote further development
and implementation of these
materials. From background
research, focus groups and
evaluation sessions we have
seen that there is certainly
enthusiasm and potential for
such a platform.
This project shows some
limitations. Firstly, to gain
attention and appreciation
from the companies that have
invested into smart materials
development
before
the
complexity of the interactive
textiles presented in this project
must improve significantly.
Secondly,
currently
the
interactive textiles are not
shown in an application context
making it harder for nondesigners to imagine what type
of applications the textiles could

have. This could be achieved
by
organizing
workshops
where designers can explore
and design applications with
the samples provided. Next,
during this project I have not
evaluated or co-created with
an electrical engineer, while
their perspective can be very
valuable in terms of electrical
optimization of the samples
and code.
There are still ways to improve
and further develop this
concept in the near and distant
future. For now I can say that
this concept is bringing me
one step closer to reaching my
vision for interactive textiles.
Throughout his project I have
been able to connect with
different experts who have said
they want to further collaborate
on the library and the textile
samples, therefore I feel
confident in saying that this is
not the end for the Interactive
Textile Library.
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14Reflection

Implementation of my identity
Throughout this project I believe I was really able
to show my identity through the aesthetic language
of my deliverables. Even though I believe that I did
integrate the aspects of my professional identity
in this project that were necessary to achieve its
goals, I think that a part of my identity has not
been represented to its full potential. One part of
my identity is really defined by the fabrication of
interactive textiles through digital and traditional
fabrication methods. I did produce textile samples
but I was not able to truly show the depth of my
knowledge regarding fabrication methods and
electronics. In the future I would like to create a
sample collection for ITL really using more of my
knowledge of shape changing textiles, creating
parametric designs, using novel textile fabrication
methods, 3D printing, etc.

ITL and COVID-19
Reflecting back on this final master project it is
almost needless to say that it took place among
extraordinary circumstances. The severity of the
pandemic situation grew greater as my project
progressed. I think that we have all faced difficult
circumstances during these times, for me the two
most difficult aspects were the social isolation
and having to separate private and academic
life while being consistently in the same space.
Despite the negatives I must note that I have also
learned that my creativity is not limited by rules
or environmental/social circumstances, on the
contrary, when limitations are approached with
creativity they can turn into possibilities. The case
in which this was most present for me was when I
was scoping the content of the physical samples
that would be shown on the digital library. Having
limited access to labs and materials made me
stop and think about what the core of the concept
was and what would be absolutely necessary to
convey this (then opting for the capacitive sensing
technology). As a designer you must always remain
open-minded and flexible to your users’ needs,
now more than ever have I learned to quickly adapt
my planning, design methods and expectations to
the continuously changing circumstances.

Planning and documentation
As mentioned before, there were many changing
circumstances due to the COVID-19 pandemic.
At times it was difficult to remain clear minded,
this mostly impacted my documentation. I
would have liked to write and improve my
written documentation more consistently. And
even though this is my final project, improving
documentation methods and writing will remain an
important aspect of my professional development
since it is vital for producing reliable replications
and communication. The planning proposed
during my final masters project proposal proved
quite accurate. Changing the allocated time for the
physical sample production for the digital library
design was necessary because it composed the
basic framework of the whole concept, while the
sample collection would be content for the digital
platform. I had some personal circumstances
that prevented me from working on my project for
several weeks, luckily with the additional time that
I have been given I think that most of that time is
made up for.

Implementation of my vision
What I truly enjoyed while doing this project was
talking to the experts and to notice how positively
they reacted to the aim and content of this project.
There is still a long way to go before interactive
textile interfaces will be common and normalized
in our environments but the enthusiasm that the
designers and other experts showed certainly
made me optimistic towards reaching that goal.
When starting the master program I had already
defined my vision, one of the reasons why I
wanted to complete the master in Industrial design
was to further polish this vision. As I gained more
experience from internships, collaborations and
talks with researchers I felt like I was able to further
define the essential and most relevant aspects of
my vision. My next step is to find a place in the
industry where I will be able to contribute to the
field of interactive textiles while continuing my final
master project in the commercial world.

46

47

15References
Aigner, R., Pointner, A., Preindl, T., Parzer, P., &
Haller, M. (2020, April 21). Embroidered Resistive
Pressure Sensors: A Novel Approach for Textile
Interfaces. Proceedings of the 2020 CHI Conference
on Human Factors in Computing Systems. CHI ’20:
CHI Conference on Human Factors in Computing
Systems. https://doi.org/10.1145/3313831.3376305

Collaborations
Just like my design approach I am a very handson communicative person when in the presence
of other experts, clients or collaborators. The
collaboration with the team from Handmade was in
my eyes very satisfactory, even though we were not
able to always meet we were able to hold efficient
focus groups and evaluation meetings. A relevant
remark is that in retrospect it might have been
interesting to (also) have focus group meetings
with the other areas of expertise, especially since
the team of Handmade have a similar background
to mine.
With the expert from RWTH Aachen the
communication did not really run smoothly,
oftentimes we were not able to meet when planned
or were unable to remain in contact. I would have
liked to have talked more with Hannah throughout
the project to gain more feedback on the technical
textile information provided on the digital platform
and aspects.
Looking back I would have liked to have talked
to Milou Voorwinden earlier on in the project.
During the final evaluation I noticed that she was
enthusiastic regarding the project and its aim and
when discussing her current work I realized that
there she could have been a collaborator on some
of the samples produced on the platform.
I think the conclusion on the reflection on the
collaborations has been that in the future the
different experts should all be involved from the
very beginning of a project concerning multiple
stakeholders.

Berndt, P. (2016, December 9). Door in a white
room [Digital image]. Retrieved 2020, from https://
unsplash.com/photos/5i0GnoTTjSE
Boone, J. E., Gordon-Larsen, P., Adair, L. S., &
Popkin, B. M. (2007). Screen time and physical
activity during adolescence: longitudinal effects on
obesity in young adulthood. International Journal of
Behavioral Nutrition and Physical Activity, 4(1), 26.
https://doi.org/10.1186/1479-5868-4-26
Buechley, L., & Eisenberg, M. (2007). Fabric PCBs,
electronic sequins, and socket buttons: techniques
for e-textile craft. Personal and Ubiquitous
Computing, 13(2), 133–150. https://doi.org/10.1007/
s00779-007-0181-0
Castano, L. M., & Flatau, A. B. (2014). Smart fabric
sensors and e-textile technologies: a review. Smart
Materials and Structures, 23(5), 053001. https://doi.
org/10.1088/0964-1726/23/5/053001

In the end..
In conclusion I have been able to implement the
different things I have learned over the course of
this masters program into this final project. At the
same time I have been able to learn more about
the (interactive) textile industry, about my design
approach, aesthetic communication and creating
market value. In the future I hope to further
collaborate with both the commercial industry and
researchers to bring academic research closer to
the “real” world.

48

Christensen, M. A., Bettencourt, L., Kaye, L., Moturu,
S. T., Nguyen, K. T., Olgin, J. E., Pletcher, M. J.,
& Marcus, G. M. (2016). Direct Measurements of
Smartphone Screen-Time: Relationships with
Demographics and Sleep. PLOS ONE, 11(11),
e0165331.
https://doi.org/10.1371/journal.
pone.0165331
Dubrovski, Polona & Čebašek, P.F.. (2005). Analysis
of the mechanical properties of woven and nonwoven
fabrics as an integral part of compound fabrics.
Fibres and Textiles in Eastern Europe. 13. 50-53.

Friske, M., Wu, S., & Devendorf, L. (2019, May 2).
AdaCAD. Proceedings of the 2019 CHI Conference
on Human Factors in Computing Systems. CHI ’19:
CHI Conference on Human Factors in Computing
Systems. https://doi.org/10.1145/3290605.3300575
Gioello, D. A. (1982). Understanding Fabrics: From
Fiber to Finished Cloth 1st edn (New York: Fairchild).
Hamdan, N. A., Voelker, S., & Borchers, J. (2018,
April 19). Sketch&Stitch. Proceedings of the 2018
CHI Conference on Human Factors in Computing
Systems. CHI ’18: CHI Conference on Human
Factors in Computing Systems. https://doi.
org/10.1145/3173574.3173656
Ishii, H., Lakatos, D., Bonanni, L., & Labrune, J.-B.
(2012). Radical atoms. Interactions, 19(1), 38–51.
https://doi.org/10.1145/2065327.2065337
Klamka, K., Dachselt, R., & Steimle, J. (2020, April 21).
Rapid Iron-On User Interfaces: Hands-on Fabrication
of Interactive Textile Prototypes. Proceedings of
the 2020 CHI Conference on Human Factors in
Computing Systems. CHI ’20: CHI Conference on
Human Factors in Computing Systems. https://doi.
org/10.1145/3313831.3376220
Kolko, J., &amp; Connors, C. (2011). Thoughts on
interaction design. San Francisco, CA: Morgan
Kaufmann.
Lomov, S. V., Huysmans, G., & Verpoest, I. (2001).
Hierarchy of Textile Structures and Architecture of
Fabric Geometric Models. Textile Research Journal,
71(6), 534–543. doi:10.1177/004051750107100611
Ludwig, L. (2019, April 29). [Nature, mountains].
Retrieved 2020, from https://unsplash.com/photos/
WL99c-jPzoU
McCleery, I. (2008). A sense of the past: exploring

49

sensory experience in the pre-modern world. Brain,
132(4), 1112–1117. https://doi.org/10.1093/brain/
awp020
Olwal, A., Moeller, J., Priest-Dorman, G., Starner, T.,
& Carroll, B. (2018). I/O Braid. The 31st Annual ACM
Symposium on User Interface Software and Technology
- UIST ’18. The 31st Annual ACM Symposium. https://
doi.org/10.1145/3242587.3242638
Parzer, P., Bauer, S., Haller, M., Perteneder, F.,
Probst, K., Rendl, C., Leong, J., Schuetz, S., Vogl,
A., Schwoediauer, R., & Kaltenbrunner, M. (2018).
RESi. The 31st Annual ACM Symposium on User
Interface Software and Technology - UIST ’18.
The 31st Annual ACM Symposium. https://doi.
org/10.1145/3242587.3242664
Petersen, M. G., Iversen, O. S., Krogh, P. G.,
& Ludvigsen, M. (2004). Aesthetic interaction.
Proceedings of the 2004 Conference on Designing
Interactive Systems Processes, Practices, Methods,
and Techniques - DIS ’04. the 2004 conference.
https://doi.org/10.1145/1013115.1013153
Rekimoto, J. GestureWrist and GesturePad:
Unobtrusive Wearable Interaction Devices. In
Proceedings of the 5th IEEE International Symposium
on Wearable Computers, ISWC ’01, IEEE Computer
Society (Washington, DC, USA, 2001), 21–27.

Journal of Design, 4(2), 3-13.
S., E. (2019, January 22). [Wheat plant]. Retrieved
2020,
from
https://unsplash.com/photos/
uvuHUHuvrFc/info
S., E. (2018, January 7). [Soft Nature image].
Retrieved 2020, from https://unsplash.com/photos/
Sw7f58YJbc0
Saponas, T. S., Harrison, C., and Benko, H.
PocketTouch: Through-fabric Capacitive Touch
Input. In Proceedings of the 24th Annual ACM
Symposium on User Interface Software and
Technology, UIST ’11, ACM (New York, NY, USA,
2011), 303–308.
Satharasinghe, A., Hughes-Riley, T., & Dias, T. (2018).
Photodiodes embedded within electronic textiles.
Scientific Reports, 8(1). https://doi.org/10.1038/
s41598-018-34483-8
Spillman, W. B., Sirkis, J. S., & Gardiner, P. T. (1996).
Smart materials and structures: what are they?
Smart Materials and Structures, 5(3), 247–254. doi:
10.1088/0964-1726/5/3/002

Rosen, L. D., Lim, A. F., Felt, J., Carrier, L. M.,
Cheever, N. A., Lara-Ruiz, J. M., Mendoza, J. S.,
& Rokkum, J. (2014). Media and technology use
predicts ill-being among children, preteens and
teenagers independent of the negative health
impacts of exercise and eating habits. Computers
in Human Behavior, 35, 364–375. https://doi.
org/10.1016/j.chb.2014.01.036
Ross, P. R., and Wensveen, S. A. G. (2010). Designing
aesthetics of behavior in interaction: Using aesthetic
experience as a mechanism for design. International

50

51

