
INTRODUCTION
This M2.1 project takes place at the company Handmade in 
Amsterdam. This company is a product invention lab, they 
invent, develop and prove new concepts on behalf of other 
companies [16]. The two main reasons for collaborating with 
them is their appreciation towards physical prototyping and 
the impact that their work has a the diverse set of companies. 
These two aspects allow me to work towards my vision; which 
is to create a future where interactive textiles allow for seamless 
interaction with expressive interfaces in our environment and 
on our bodies.

Handmade’s research and development team  predefined the 
scope of this project, which was to integrate interactive textiles 
in wearables for astronauts to support their everyday tasks and 
enhance their physical and mental well being. Approximately 
half way the design project, the scope of my individual part was 
collaboratively narrowed down to designing actuated textiles 
for astronaut clothing to amplify the expression of astronauts’ 
emotions, contributing to improving mental wellbeing and 
social interactions.

The execution of a project in this context is of relevance 
considering the prospective of the industries development, 
for example by expanding the ISS space station [16], making 
space flights available for tourists [16] and new space mission 
to Mars and the Moon [12] [13]. These developments come with 
context specific challenges, such as different body postures [8] 
[15] and cultural differences causing communication barriers 
[2] [19] [22], while at the same time increasing the need of 

The Design of Emotional Textiles
Amplifying the Expression of Human Emotions through Garment Activation

Julia van Zilt
Eindhoven University of Technology

Eindhoven, The Netherlands
j.v.zilt@student.tue.nl

Figure 1. Final design, the different emotional states expressed in flats.



social engagement and interaction due to long-term isolation 
from earth and society.  

This project has been subdivided into four different phases. 
The first phase focused on research, exploring design 
opportunities, concept development and defining a design 
direction. The focus of the second phase was the exploration 
of textile manipulation with digital fabrication methods, such as 
3D printing, and different textile activation methods. This step 
included the analysis of the sample outcomes. In the third phase 
I researched and mapped the different samples to different 
core emotions and carried out a more focused textile activation 
exploration. During the last stage of the project I designed the 
final the activation of the textiles and the wearable itself.

DESIGN PROCESS
The project consists of four different phases, where each phase 
has its own focus, activities and outcomes. The first phase 
was carried out in collaboration with the Handmade team, 
while the remaining steps were carried out by myself. A visual 
representation of the design process can be seen in figure 2.

1. Project scope
This step of the process has been carried out in collaboration 
with the Handmade team. The aim of the first phase was to 
create a more detailed scope of the design project. To achieve 
the latter, the phase has been subdivided into three different 
components: 

RESEARCH

Before specifying a concept for the project, research had to 
be carried out with three different purposes: understanding 
the context, identify and define problem statements, and 
a benchmark. I used an exploratory approach to gather 
qualitative information from secondary sources (scholarly 
articles) and primary sources (videos from people living in the 
ISS space station). 

CONCEPT DEVELOPMENT

The research stage served as preparation for the concept 
generation. Brainstorm sessions (see figure 3) with the team 

were carried out over the span of three weeks. The Additionally 
a brainstorm session was organised for people of the company 
that weren’t on the team to get some new perspectives and 
insights. Clustering the different concepts into different 
categories and brainstorming were two activities that were 
carried out simultaneously. The general aim for the different 
brainstorm sessions was to generate ideas that would provide 
support in astronaut’s professional life, physical and mental 
wellbeing while being in space. At the end of the three weeks 
the most interesting concepts were identified.These were 
defined in more detail, from these, the seven most interesting 
concepts were selected. 

DESIGN DIRECTION

To create a coherent set of design outcomes at the end of the 
project, we had to define a common design direction. This 
design direction formed the design language of the different 
design outcomes. To define different design directions we 
explored different terms that we associated with the project 
and gathered images that enraptured those words. From this 
visual materials (see figure 4) we could identify two main areas 
of interest, which we then formulated into a design direction.

2. Textile fabrication exploration
In contrast to the previous phase, this step has been carried 
out individually. The aim was to explore different interesting 
fabrication and actuation methods that suit the design direction.  
During this stage, samples were made out of textile (mesh, 
polyester and cotton) and paper. Based on the nature of the 
movement of the resulting samples they were then classified 
into the different categories: reveal, twist and stretch, bend.

3. Emotions and textile actuation
The different concepts generated during the first phase were 
divided among the different people working on the project. At 
this point the scope of my project further narrowed down. 

Research
General exploration. Additional research was carried out 
regarding emotions, shape change and textile actuation. With 
the aim to identify key the features that the space suit had 

to contain to communicate each emotion through activated 
textiles.

Concrete exploration. After defining the core emotions and 
identifying general key features, additional explorations were 
carried out to identify the most suiting aesthetics and motion 
per emotion. 

To get more insight to how people would interpret these textures 
a questionnaire was created. This questionnaire consisted of 
images of the different textures and three questions regarding 
their interpretation of the textures. After analysing the outcomes 
an other set of explorations was carried out per emotion.

4. The final design 
To finalise, the different explorations and designs then had to be 
combined into one coherent design. There was one requirement 
regarding the colour of the garment from Handmade, which 
had to be black. The final design was created through an 
intuitive design process, assembling the set of samples. 
These individually designed parts were visualised through the 
combination of sketches and 3D models.

DESIGN
1. Project scope
RESEARCH

When starting the project I had no real knowledge regarding life 
in space. By watching interviews on Youtube of people living 
aboard the ISS Space station I learned general aspects about 
their everyday life, such as the way they use the toilet, the way 
the sleep, how they navigate, what their routine is like, etc. 

It appears that most support can be provided in the 
psychological and physionlogical health domain. Physically 
they can suffer from decreased eyesight [1],artery stiffness [10], 
muscle decay [] and a decrease in bone mineral density [21] 
among other things. Emotional and psychological stress can 
cause decreased immunity therefore they have daily checkups 
and frequent sessions witth the ground station [ hughsonx].

Figure 2. Visual representation of the design process



This research time has helped forming an understanding of 
the design context and served as inspiration for the rest of the 
design process. 

CONCEPT DEVELOPMENT

The initial scope of the project was very broad. Namely, to 
integrate interactive textiles in a wearable for astronauts, 
supporting their everyday tasks and enhance their physical and 
mental wellbeing. The design challenge was narrowed down 
into different concepts, which were the result of brainstorm 
sessions with a team of three. Ideas were then clustered and 
made more concrete, as shown in figure 3. After this, concept 
directions were divided within the team. Zero gravity causes 
people that are experiencing it not to have a reference point 
to what is up and down and experience weightlessness. It is 
more difficult for them to read each others body language, and 
therefore, understand each other. Besides the latter, the current 
International Space Station has seen 18 different nationalities 
[26].   Based on these findings, we see the opportunity to amplify 
one’s emotions for better communication and mental wellbeing 
during space travel.  The cluster that I was most interested in 
was the garment that could mediate emotions to facilitate better  
emotional understanding between Space crew members.

Concluding this phasee, we proposed a garment that is able to 
amplify ones emotions. These emotions can then be detected 
more easily by fellow crew members, or by a future space 
drone. This is of relevance in a situation where one is in need 
of emotional support (sadness, anger), or one can be positively 
impacted by the positive emotions of others [17]. 

DESIGN DIRECTION

The design direction was defined after conducting research  
and in parallel with the first concept development sessions. We 
chose a set of words that we deemed relevant in the context 
designing for space travel. A total of 10 words were chosen: 
expression, future, calming, motion, earth, social, nature, 
sensing, comfort and textile. As seen in figure 4, images were 

mapped to the different words. The conclusion of this process 
was the common interest in (future) technologies and nature, 
and how both are needed in order to support human life in 
space. Nature provides solutions to many of the challenges 
that astronauts face in space, bringing nature qualities closer to 
them could potentially result in similar benefits as nature does 
for us on earth. The definition of the design direction resulted in 
the following description: 

Biomimicry and Nature Inspired Design: Natural design elements 
to improve mental wellbeing and maintain a connection to Earth 
while imitating (functional) elements of nature.

2. Textile fabrication exploration (Expl. 1)
Pictures from inspiring nature elements from cellular to Space 
dimension were gathered to then serve as inspiration to the 
physical sample production (see figure 9) An over view of the 
physical samples and the analysis of these can be seen in 
figure 5.

3. Emotions and textile actuation
RESEARCH

James A. Russel was one of the first people to express emotions 
in terms of valence and arousal, while presenting them on a 
matrix [20]. This now has become a recognised model of affect 
to measure and represent emotions.  Based upon the valence 
arousal metric, the SAM model (Self Assessment Model) was 
created to identify and measure emotions in individuals [14]. 
This model requires input from the studied subject, because of 
the capabilities of technology to measure arousal and valence, 
we assume that this will be a passive input without user input 
in this concept allowing the garment to objectively identify what 
the wearer is feeling at any point in time. The model of affect is 
used to study different ways of identifying emotions, as well as 
ways that humans can identify emotions in non-human subjects 

[24] [5] [7]. This research allowed me to map certain shapes 
and behaviours onto the axis of the metrix. Taking into account 
different studies of movement and perception I was able to 
visualise movement velocity, direction and orientation onto the 
matrix. Aditionally, on a two dimensional scale, research has 
been done [6] placing color and shapes onto the model of 
affect [21]. This has been used to determine colour and verify 
the correlation between the different designed textures and 
emotions. Since there is a cultural difference in the way and 
the degree to which emotions are expressed [27], I started to 
look for aspects that would be able to amplify the biological 
perception of emotions. This will be further elucidated in the 
individual texture explorations.

Exploration (Expl. 2)
Then a second fabrication exploration took place, inspired by 
the first textile fabrication exploration. This exploration focused 
on linking shapes to emotions, see figure. To validate this I 
asked other employees of Handmade to link an emotion to the 
different shapes through a questionnaire, see the main findings 
in figure 6.

Individual emotion exploration
Elkman originally defined six basic emotions: happiness, 
anger, fear, sadness, and disgust [8]. Most researchers have 
adopted these basic emotions as the standard for the study 
of expressing and recognising  emotions [4]. Yet, there are a 
number of studies that add or substitute basic emotions, for 
example adding neutral to the emotions [3]. To be consistent 
with other research I initially opted to portrait the six basic 
emotions. However, initial exploration and further concept 
development showed that neutral would be of great value 
to add. This, in combination with time constraints narrow the 
emotions down to happiness, anger, sadness and neutral. 

ANGER

Triangular pointy shapes placed on the upper arm showed to 

Figure 3. The different brainstorm overview. (From left to right) 1. First brainstorm session. 2. Clustering and specifying concept ideas. 
3. detailed concept description

Figure 4. Design direction. Mapping images to key 
words



Shape exploration for the emotion (1) sad (2) anger 
(3,4) happy

1 2

3 4

Example of inspiration from the 
first exploration

Figure 5. Overview of samples expl.1

Figure 6. Part of the outcome of the Expl.2 questionnaires

Figure 7. Model of affect matrix by Russell, [20]

Figure 8. Plotting movement, orientation and velocity on the 
model of affect axis

Figure 9. Example of link between the different design 
stages



have most correlation with the emotion anger.  These findings 
are based on the previous exploration. The regionalisation of 
this emotion could be explained  by the fact that biologically 
we lift our shoulders and execute lateralised arm movements 
when angry [27]. 

For this exploration I chose to use shape memory alloys. I 
conducted extensive experiments on how to lift the triangular 
shapes, at least to a high enough degree to make them stand. 
Because of spending a significant amount of time on technical 
difficulties, relatively less time has been spent to explore 
alternative pattern designs.

These technical difficulties included bending the shape, 
finding the right elevation angle, integrating the alloys into 
the textile and finding the right electrical current for the right 
amount of time that needed to be supplied to not damage the 
alloys.

Since these shape memory alloys radiate a substantial amount 
of heat, I saw an opportunity to integrate conductive ink to 
accentuate the triangular ‘angry’ shapes. 

SADNESS
The previous exploration did not result into a clear texture 
preference for the emotion sadness, except for an  observation 
that leaning textures and shapes were most associated with 
this emotion.  Since leaning is relative to a ground surface, 
it would be difficult to make a 3 dimensional leaning texture 
without extensive testing, because in Space there is no up 
and down. Since one’s posture is less noticeable in 0 gravity, I 
though to accentuate a sad posture in the garment when sad.

Darwin was one of the first to validate the link between bodily 
expression and emotion. He stated that sadness is often 
portrayed as passive, motionless and a head that hangs on a 
contracted chest [27]. Different sources were indicating that 
sadness had little to no motion [5][7][27], therefore I decided 
to focus on designing a two dimensional pattern that would be 
able to communicate  sadness. 

Not knowing how to visually represent sadness I turned to 
artists that express emotion in their work, see figure 11(1).  

Previously, I had deducted from the paper A Foundation for 
Emotion Expressivity that blue purplish colours corresponded 
with the emotion sadness. This was also mostly true for the 
different artworks that portrayed sadness, the posture of the 
people in the art works correlated with the posture that Darwin 
and Mark Coulson [4] had assigned to sadness. 

From the previous steps I deduced a number of guidelines that 

I would follow to design sadness:

-   2d leaning textures (leaning relative to the wearer of the 
garment)

-   Colour mixture of blue and purple 

-   Accentuating a contracted chest

To get a feeling for what this could mean for a two dimensional 
pattern I created a series of painted pattern explorations as 
can be seen in figure 11(2).

Further explorations were carried out untill reaching a satisfying 
effect (see figure 11).

HAPPINESS

The opening structures from exploration 2 (see the bottom 
row of figure 9) concluded to be the most vibrant and happy 
shapes. These resulted in circular structures which were 
then designed into a bigger patterns that should be placed 
on the body. Specifically on the torso and lower back. These 
locations were chosen because it accentuates the straight 
posture that somebody would exert when in gravity. Personally 
I still believed that the circular shapes embodied happiness 
more than the squares. Therefore I further experimented with 
circular shapes in combination with colour contrasts, as can 
be seen in figure 12. To create these happy textures I chose 
to use shape memory alloys. I conducted experiments with 
different sizes and ways of integrating them into textiles. Even 
though the more organic like shape changes gave the more 
interesting outcomes, technically it turned it to be difficult to 
reverse back into their original (passive) position. To make this 
it possible for the structures to bend back into their original 
position, a plastic core was integrated into the textiles (see 
figure 12). 

NEUTRAL 

Expl. 2 showed that when textures were “deactivated” 
people associated the image with neutral. In my experience, 
deactivated textures show that other emotions are not active, 
but when associating neutral with other words (such as 
balanced or calm) showing only deactivated emotions did not 
make sense. Differentiating the status OFF with the emotion 
neutral is of relevance due to the concept providing the option 
of a privacy moment to the wearer, which entails a moment in 
which no feedback is given for anyone to see. This contrasts 
with the purpose of showing a neutral emotional state.  

I created a selection of images that illustrated neutral to me, to 
then discuss these with my colleagues, see figure 13(1).

Looking back at the first textile exploration of this project I 
realised that light in combination with 3D printed structures 
could offer a subtle yet satisfying  effect. 

Inspired by water, a neutral nature element, I created a 3d 
printed mask and surface that combined with light and textile 
could be constructed into a surface. A short exploration 
of combining different textiles with the 3d prints and lights 
followed as can be seen in figure 13(4)

4. The final design 
The purpose of the final design was to integrate the outcomes 
of the individual emotion explorations into one garment. 

At the start of the project I made a mood board of the style I 
envisioned for the suit (see figure 14). As time and  the project 
progressed there were some modifications to the colour of 
the suit. This was a requirement set by the project leader, and 
meant that instead of white the suit would be black. 

After the first mood board I started to map the emotions on flats 
(2d garment design illustrations) as can be seen in figure 15.

After all the explorations for the individual emotions (anger, 
sadness, happiness and neutral) I made an assembly of the 
samples and outcomes that I thought looked best together and 
resulted in the final design.



Figure (10). Anger design 
outcomes.(from left to right) 
1: Selection of interesting 
designs. 2: Exploration with 
SMA. 3: Design explorations. 4: 
Final design   

Figure (11). Sadness design 
outcomes.(from left to right) 
1: Artist expression of sadness. 
2: Painting exploration. 3: 
Digital design explorations. 
4: Technology exploration 
(thermocromic dye) 5: Final 
design

Figure (12). Happiness design 
outcomes.(from left to right) 1: 
Selection of interesting designs. 
2: Exploration with SMA. 3: 
Design explorations. 4: Final 
design   

Figure (13). Neutral design 
outcomes.(from left to right) 
1: Gathering inspirational 
images  2: Selection of previous 
explorations with light (light 
underneath 3D printed filament 
on textile). 3: Digital design. 4: 
Tests. 5: Final design   



REFLECTION  &  CONCLUSION
There were a variety of limiting conditions that have had an 
impact on the design process and outcome of this project. 

Due to the COVID-19 virus the materiality labs at the TU/e were 
inaccessible, which meant that it was not possible to prototype 
using the equipment from there. Additionally, the stores that 
would normally provide the supplies, such as textiles, for 
prototyping were also closed for a vast amount of time.  Even 
though it slowed the prototyping process down, I was able to 
find alternative materials such as paper to prototype with, as 
well as using the equipment available at the Handmade’s office.

A challenge concerning this project was the fact that I have 
never experienced what it is like to be in 0 gravity. This posed 
a challenge because, other than through videos and papers, 
I could not fathom how textiles and clothing moves and feels 
in this context. Designers often find themselves in new and 
unknown contexts, but the real limitation was not being able to 
test or validate ideas and assumptions in a similar environment. 

The experts in the field of this design project are quite rare and 
ask a monetary compensation for their time and expertise. Since 
this project is part a non-disclosure project  I wasn’t able to 
obtain feedback from any experts. However a trip to the Space 
station in the Netherlands was planned. There we would have 
been able to ask questions and validate some assumptions or 
ideas, however it was cancelled due to COVID-19.

Due to the nondisclosure agreement I have not been able 
to discuss or validate the samples and designs with people 
outside of the company. Therefore an extensive validation of 
the intended emotion that each sample conveys has not been 
carried out within the scope of this project. One could argue 
that therefore the reliability of the project is unsubstantiated. 
The overall process of each emotion design is however 
substantiated by previous works and research as well as 
feedback sessions within the company. 

Multicultural societies are becoming more normal in our world 
today, and are facing similar issues as those encountered in 
space stations. Having different values and believes it might be 
meaningful to create wearables, such as the one described in 

this project, that can translate and communicate our intentions. 
Additionally, with the rise of new technologies and screen 
based communications  society is increasingly disconnected 
physically, creating a feedback or feedforward system that 
can amplify emotions through screens would be valuable to 
create more human connections. Another context in which this 
project could be of value, is in the current world where people 
are starting to commute and socialise with mouth masks on. By 
blocking part of one’s face part of our biological communication 
system is covered, which might raise the need to substitute 
the missing communication by a garment such as the one 
described in this project.

The outcome of this project is a series of samples expressing 
four core emotions (anger, happiness, sadness and neutral). 
A selection of samples is combined into a single garment. 
This project shows that there is potential for designing the 
amplification of one’s emotional expression through on body 
textile activation.  

Figure 15. Final design flatsFigure 14. First moodboard
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