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ABSTRACT
This is a pictorial describing the process of creating an 
interactive material based on a the transition breathing. 
During this process we try to gain more understanding 
regarding the relatively new field, interactive materiality. 
This process consists of four different phases. The first two 
phases show mainly a broad material exploration and the 
third and fourth phase show a more in depth exploration 
material and interaction wise. The final design entitles an 
interactive material made out of mesh and 3d print filament 
that breathes, as one comes closer and interacts with it, it will 
reveal its heartbeat. 
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INTRODUCCION 
The growing interest in this relatively new field of actuated 
materials and interaction cause more people to research the 
opportunities of this field. Different people from different 
professional areas tackle this new challenge, this means that 
different perspectives are being offered to the same topic 
creating broad and in depth available new knowledge. This 
creative process of creating an interactive material and the 
knowledge extracted from that will allow us to contribute to 
this new growing area. 

In this paper we will take you through the process of creating 
an interactive material. As a starting point we were asked to 
chose a transition to base our future material explorations 
on. We chose breathing for it, in order to live our human 
lives, is inevitable. Breathing is a bodily function that has 
different perceivable dimensions to it. Firstly there is an air 
flow, in and out the body. Then there is the bodily movement, 
an expansion and contraction of the chest and surrounding 
muscles and, furthermore there is a factual molecular 
conversion transforming O2 to CO2.
 
To translate the concept breathing into material behaviour 
and properties there are different aspects to the transition that 
can be interpreted; movement (expansion and contraction), 
the airflow and a translation of properties (O2 to CO2). In my 
opinion the combination of these are necessary in order to 
give a successful abstraction of breathing. 

A current trend or tendency when designing technology is to 
design it in such a way that it becomes non invasive within 
our environment, at the same time we are looking to make 
technology seem more human using bodily movements and 
characteristics to make the technology more understandable, 
relatable and to provoke intuitive interaction [1]. One of our 
design goals is to make the material seem more human by 
giving the material humanly characteristics.

As Anna Vallgarda mentions in her paper Giving form to 
computational things there are three forms that we can to 
consider when designing a material or material interaction: 

the physical form, the temporal form, and the interactive 
gestalt [2]. Within this project we will also be thinking about 
these three forms. Our starting point, which is our transition 
breathing, will have a significant impact on what the material 
will look like in these forms. 

Our interactive material will have a behaviour of its own. 
It will be able to move independently, and can be actuated 
by the human body, more specifically by our hands. These 
different levels of material behaviour can be compared to 
the two different control levels, local and global control, that 
Mcevoy et al. talk about in the paper Materials that couple 
sensing, actuation, computation, and communication [3].

HCI meets Material Science gives us a deeper understanding 
of different shape changing material classifications, their 
developments and fundamental characteristics [4]. This paper 
gives us very a very good foundation due to its in depth 
information regarding shape changing materials. Something 
we would like to focus on within our process is how shape 
changing materials express the impact, influences, etc. it has 
on the interaction with the user. We will use the material 
knowledge given to achieve certain haptic interaction.

Materials that couple sensing actuation, computation and 
communication addresses the functionalities of robotic 
materials, its possible applications and current challenges 
[3]. Again, it does not address the potential or influences of 
the user interaction, which could potentially lead to different 
challenges and perspectives on the matter.

In conclusion we will be focusing on creating an interactive 
material, taking into account the different fundamental 
characteristics of interaction and material science.



DESIGN PROCESS

Phase 1
How can we develop a perception of human 
characteristics with materials? The team explored 
the transition of expansion and contraction to mimic 
breathing. We chose the action of breathing changing 
into a heart beat. In order to find a suiting material 
for this transition we mapped different characteristics 
of breathing in order to get a clear overview of what 
qualities the material and its interaction used should 
possess. Within the first phase of our exploration 
we tried to get familiar with the characteristics of 
different materials and their behaviour when these 
would be manipulated. 

Figure 2: Exploring the transition: breathing

Figure 1: Exploring the transition: breathing

Figure 3: Exploring the transition: breathing Figure 4: Exploring the transition: breathing

At this point, our explorations were mainly static. 
The focus was on mimicking breathing at this phase, 
the behaviour of the user and the possible interaction 
with the artefact is taken into consideration but was 
not explored. This was done by cutting patterns 
from different kind of fabrics, exploring movements 
and differences in paces (fig. 1). Also fabrics and 
materials with different characteristics and qualities 
were contracted and expanded in different paces to 
visualise and mimic breathing. Furthermore a breeze 
is blown towards a construction of paper to mimic 
breathing. (fig. 2) At a certain moment the team was 
inspired by the movement of waves created by two or 
multiple separate compositions. (fig. 3). 



Phase 2 - Composite materials
The movement of these two separate elements was 
explored further in phase two. Furthermore we were 
inspired by the paper of Isabel P.S. Qamar et al. to 
combine different materials to see how the behaviour 
of these could change [4]. We created different com-
posite materials as can see in fig. 5, 6, 7 and 8:

Besides the composite of materials, the dynamic qual-
ity of the design still had to be defined. Again an at-
tempt to mimic breathing with composite materials 
was made and the idea of bulges that would pop up 
and pop down again was initiated. (Fig. 8) At this 
point the team started with constructing the intended 
behaviour of the user and the interaction with this 
artefact. We wanted the user to interact with these 
bulges by approaching and pressing it. The bulges 
would provide feedback by increasing its pace. Feed-
back would be provided through feeling the increase 
in pace and finally feeling the heartbeat of the arte-
fact. 

We mainly worked with foamy materials and soft 
“fur-like” textiles. At the end of these experimenta-
tions we realised that using a “fur-like’’ textile would 
be a very literal translation of our transition. To show 

more depth we moved away from these materials and 
tried to see if we could convey the same qualities with 
a different approach. 

The team considered two different ways to actuate 
the bulges which were respectively by the use of rota-
tional servo motors and by the use of electromagnets. 
The idea of using servo motors was based on an ex-
ploration that created bulges in the material that can 
be seen on fig. 9. Strings were added at the ends of 
an x-shaped plastic structure that when pulled would 
create a bulge.

To realise this mechanically the string would be 
wound tightly around a spool and then be attached 
to the moving part of the servo motor, which would 
then rotate clockwise and counter-clockwise. A pro-
posal on how to create this system is seen on fig. 10.

A limitation of conventional, cheap rotation motors 
is that they are imprecise and because of their clunky 
movements, it is difficult to apply Disney’s 12 prin-
ciples of animation [7] which are considered essential 
for mimicking life. Since the explorations are heavily 
based on organic movements such as breathing, we 
considered other options for actuation.

Figure 5, 6 and 7: Exploration of composite materials

Figure 9:  Plastic structure 
with strings in resting posi-
tion (top) and with strings 
pulled (bottom)

Figure 8: Representation of a bulge

Figure 10: 1) The struc-
ture in a resting position. 
2) The structure rotated 
clockwise to create the 
bulge.



Phase 3 - Flexible textiles + beginning of 3D printing 
on textiles 
The idea of breathing bulges with the servo motors and plastic skeletons 
as actuators was proposed to fellow industrial design students and faculty 
members. They provided valuable insights for potential other methods of 
actuating our intended behaviour and achieve the appropriate dynamic 
qualities. After considering the different opportunities, we chose to use an 
electromagnet and a magnet in combination with a ultrasonic sensor to 
actuate the bulges to breath. 

Electromagnets were chosen for the actuation since their field of actuation 
is based on the power they receive. Controlling the power provided to the 
magnet can be done accurately unlike with the servo motors and their cheap 
motor drivers. Furthermore when the electromagnet repels the normal 
magnet attached to the fabric it naturally creates bulges in the materials 
when unobstructed, where you have to create a structure for the servo 
motors to function.  

Since the actuation has to change pace at different distances between 
hand and system a distance sensor was needed. An infrared sensor and an 
ultrasonic sensor were both options to consider, since both of them are time-
of-flight sensors, which implies that distances are calculated based on the 
time it takes for the sound pulses/laser to return. The ultrasonic sensor was 
chosen since the infrared sensor has a few use-case limitations such as the 
inability of use in sunlight due to interference in the signal and difficulty in 
reading darker surfaces.

A capacitive sensor was also considered for the system since the current 
iteration of the system is unable to tell whether a hand is very close to the 
field of interaction or if it is actually touching it, but was ultimately not 
implemented.

With the dynamic quality of the actuator in mind we tried to find different 
flexible textiles with different properties. These textiles would have 
differences in, for example, opacity, flexibility and shininess. Fabrics can 
be flexible on their own, but when being submitted to a pulling force they 
have a bouncing effect which is very close to the desired behaviour of the 
material. By showing people the different textiles we noticed how shininess 
helped when attracting a person to interact with it, while transparency 
made the material look very delicate and non-inviting to touch. 

A quality that we discovered when starting to 3D print was that, firstly, we 
could manipulate the way that the material moves, and secondly, the 3D 
print filament would have a shiny effect once printed on the transparent 
textiles that could potentially persuade a person to want to touch it. The 
first shapes we 3D printed unto textile were concentric designs. They would 

make the textile bounce niceley from the centre. Although it seemed to 
give the desired behaviour, the aesthetics did not attract people to want to 
interact with it.  (Fig. 11, 12, 13, 14 )

The interaction necessary to provoke a change in behaviour or state of 
these materials was to touch the material. The interaction was designed 
with the use of the Interaction Frogger Framework. The Interaction Frogger 
Framework couples person’s action and the product’s function through 
the use of inherent, functional and augmented information, i.e. feedback 
and feedforward [6]. The framework provides six practical aspects, time, 
location, direction, dynamics, modality and expression that describe the 
relationship between a person’s action an the perception of the product’s 
reaction. A natural coupling of action and function allows for a intuitive 
interaction [6].

During this phase we were striving for an intuitive interaction by unifying 
action and reaction on as different aspects through functional and inherent 
feedback and feedforward. Functional feedback is the information generated 
by the system when performing its function, e.g. sound, light or motion. 
Augmented feedback is the information not coming from the action itself 
(which is inherent feedback), but from an additional source. Inherent 
feedback It is feedback arising from the movement itself. It appeals primarily 
to the perceptual-motor skills of the user [6]. 

In the chapter final design the implementation of the Interaction Frogger 
Framework is described in detail. In this phase the interaction was based on 
functional feedforward by showing the movement and pace of the material, 
this is coupled via time, location and modality to to functional feedback of 
showing increase in pace and inherent feedback of feeling the heartbeat and 
hearing the increase in sound. 

Evaluation

The artefact is evaluated by fellow students in phase 3 of the design process. 
An affinity diagram is constructed to analyse and organise the different 
types of feedback, as one can find in fig. 15 and fig. 16. The feedback was 
arranged by the following categories: Transition: breathing, inviting, 
interaction, aesthetic qualities, noise, actuators/sensors, process and future. 
This feedback is used to fine-tune the qualities of the material, its’ behaviour 
and the interaction.

Transition: breathing

There were some interesting comments about the transition we chose for 
our artefact. One mentioned the consideration of rhythm of the movement 
of breathing as one can find in figure 15 and figure 16, this resulted in fine-
tuning the movement of the material to express the transition of breathing 

Figure 15: Affinity 
diagram

Figure 11, 12, 13, 14: 3D 
printing on textiles



in a more natural way. A comment stated that 
just because the movement runs in phases it does 
necessarily resemble breathing, so the team looked 
into how often a resting person breathes per minute. 
The average human being breathes 12-18 times per 
minutes [8], with around two seconds of inhalation 
and three seconds of exhalation. The system was 
adjusted to run at similar pace between no power and 
full power.

Inviting, interaction and aesthetic qualities

Whether the material was inviting to touch was a 
big concern with our students during this evaluation 
moment. The material should be inviting to touch or 
should express the intended transition to some extent. 
The material looks fragile and sensitive which may 
result in defending attitude with the user. The team 
worked on the aesthetic qualities of the artefact by 
experimenting with different kind of patterns on the 
material which might alter a more engaging attitude. 
Furthermore the team thought of more meaningful 
ways of interacting with the artefact as well as 
alternatives to include feedback and feedforward to 
achieve the intended behaviour. 

During the feedback session with our fellow students 
we were advised to consider future opportunities 
and applications of this product into account when 
designing the interaction and look. We decided not to 
take this advice on due to us wanting to focus on the 
interaction that the material could provoke and not 
what a potential future application might need.

Figure 16: Affinity diagram



Exporting it into Rhino to give it 3 dimensions 
Exporting it into Cura to prepare for 3D printer  
Stretching fabric unto building plate  
Starting the Print! 
Remove print from the build plate 
Letting the fabric settile back to its non-stretched state  
Repeat!

The 3D print started out having concentric shapes, this evolved into more 
geometrical designs, eventually finding a midway creating structured designs 
with organic shapes. 

The geometrical shapes made the fabric pulse all over, which was a good effect 
since we wanted to make it seem as if this fabric was breathing all over. A 
downside to these geometrical shapes is that it did not quite connect to the 
concept of breathing from a biological/organic perspective. 

When creating the structured organic shapes we saw that the all over 
bouncing effect remained. An even better aspect of this design was the fact 
that it moved even more organically and bounced even more. This is why we 
eventually chose for this design. 

During the feedback-session at phase three, we received a lot of concerns 
about the interaction of the artefact. The relationship between the action and 
the function was not very clear by our participants. Also the consequences 
of executing the behaviour on the artefact were not clear. We fine-tuned the 
interaction based on this and stumbled on the work of  Jelle Stienstra et al. 
which introduces the action-perception loop. A product that changes its shape 
can give rise to a feedback loop playing on the action-perception possibilities, 
offering a dynamic interaction between the action of the user and the 
reaction of the product. [5] [6].  We enhanced the interaction by exploring the 
Interaction Frogger Framework more and changed the interaction, in order 
that an action-perception loop endured. One can find the final design of the 
interaction at the next chapter. 

Phase 4  - 3D printing 
on textiles 
When working with the 
electromagnet we soon 
noticed that as the fabrics that 
had more opacity would be 
too heavy for the technology. 
This, next to aesthetics, was 
the reason why we chose 
mesh as our material. 

Having decided that flexible 
transparent textile, mesh, 
was the material we would 
work with allowed us to go 
more in depth in shaping the 
behaviour of the material as 
we would want it. Instead 
of totally changing the 
behaviour of the flexible 
textile, we looked for ways to 
amplify this behaviour. 

The aesthetics of the 3D print 
on the textile and how the 
textile would react to it was 
extremely important since 
it would be a key factor to 
the interaction. Not wanting 
to lose the “delicate” aspect 
of the aesthetic, we tried to 
find a way to use this in our 
favour and make it look so 
interesting and/or beautiful 
that people would want 
to touch it even though it 
looked delicate.

Process of creating the 3D 
prints was as follows: (Fig. 
17)

Draw by hand/think of 
design 
Draw it in illustrator Figure 17: Process of creating the 3D prints



Final design
Breeze is an artefact which breathes, as one moves closer 
and touches it, it reveals its heartbeat to you. Breeze is made 
out of an emdf shell and a soft breathing top. This upper 
part is made out of a flexible semi-transparent fabric printed 
upon with filaflex. The pattern is made out of repetitive or-
ganic shapes that are printed upon the fabric when in its 
expanded state. This textile, after printing and removal of 
the textile from the 3D printer, then contracts and a hilly 
surface appears. 

The artefact invites the user through functional feedforward, 
the functional information is coupled via time, location and 
dynamics to the inherent information. By approaching the 
artefact the user will receive functional feedback through 
seeing that the fabric reacts immediately and that it increas-
es pace. By touching the material the user will receive inher-
ent feedback, by feeling the increased pace and feeling the 
mimicking heartbeat of the fabric. Time: There is no delay 
in time when the user approached the artefact and the in-
crease in pace the material will show. Furthermore there is 
no delay in time when touching the material and feeling the 
heartbeat.  Location: The movement of the material is in line 
with the movement of the user, this is forced by the place of 
the ultrasonic Sensor.  Modality: 

By approaching the artefact the user will receive functional 
feedback through seeing that the fabric reacts immediately 
and that it increases pace. By touching the material the user 
will receive inherent feedback, by feeling the increased pace 
and feeling the mimicking heartbeat of the material. When 
the user contracts his hands away from the material, the ma-
terial will respond via time, location and modality through 
functional and inherent feedback by decreasing the pace of 
the breathing again, creating an action-perception loop. 

Important to note is that the changes in behaviour of the 
material between the different stages are subtle changes. It is 
essential not to grasp attention through disrupted behaviour. 
The mappings are unobtrusive and subliminal designed. [5] 
Furthermore this technology is chosen, because of the fact is 
does not distract the user. It adds subtleness to the artefact 
through the modalities of the magnet. As described in the 
work of Vallgarda [2] the task of programming behaviour 
should be seen as a form giving practice. An in depth un-

Figure 18, 19, 20, 21:  3D print-
ing on textiles

Figure 22, 23, 24: Final prototype



derstanding in sensitivity of the chosen sensory modality 
and sensorial system being addressed is required for the 
designer. [5] 

With this artefact Inherent feedforward is combined 
with functional feedforward. As described in the work 
of Wensveen et al. ‘When the inherent trace is coupled 
to the functional feedback it offers information about the 
current state of the product, i.e. in which functional mode 
it is in. “ [6] The slow breathing invites the user to come 
closer, the qualities of the material and the aesthetics in-
vites the user to touch the fabric. 

Implementation:

A circuit diagram of the final system can be seen on figure 
(25) and a discussion of actuators and sensors is found in 
phase 2 of the report.

The system has two steps to make it work. In the first 
step the system determines whether something is hov-
ering over the ultrasonic sensor. There’s a programmed 
threshold in the Arduino sketch that controls how large 
a distance away from the ultrasonic sonic that is consid-
ered hovering. Depending on the distance to the sensor, 
the Arduino will return a fading speed that determines 
how quickly the power will shift for the electromagnet. 
To reduce sensor noise and extreme sensor values an av-
erage of the last ten sensor readings is used for the dis-
tance variable. At a long distance it will shift slowly like 
breathing and at a close distance it will shift quickly like a 
heartbeat. In the second step of the system the calculated 
fading speed is used to control the shifting of power. The 
system will shift positively from no power to full power 
and when full power has been reached it will shift nega-
tively back until it has reached no power again. At no 
power the electromagnet is still magnetic, but only when 
two objects are physically touching, which is why the 
normal magnet is suspended to the fabric at a certain dis-
tance above the electromagnet. When the electromagnet 
is powered the opposing magnetic forces will repel the 
magnets away from each other. However the electromag-
net is suspended into place and many times more power-
ful than the normal magnet, this is the reason why the 
bulges are created.

Figure 25: A circuit diagram of the Breeze system.

Figure 26, 27, 28: Final prototype



DISCUSSION
When the material was not interacted with it almost had 
its own life due to the electro magnetic coil providing 
the desired breathing movement. A downside to this 
technology is the fact that it made noice, which could 
distract or interfere with the designed interaction. The 
coil that we have used was not strong enough to really 
function with the normal amount of current, we gave 
it more current but a side effect was heat waste. This 
heat was not very safe and forced us to be more careful 
when interacting with the material. This showed us 
that technical constraints could have a big impact on 
interaction. 

We can argue if it is an interactive material when the 
actuation requires a sensor placed close to the material. In 
this case the sensor was very visible and could therefore 
potentially interfere with the interaction between the 
user and the material. A solution could be to make the 
textile also a sensor, this could be a great addition to the 
material because it would require touch to be actuated. 
A downside of making the material a sensor could be the 
aesthetic and movement constraints.

Approaching was motivated by making the material pulse 
more like a heartbeat. An aspect that can still be improved 
is that many would want to approach the material but 
not necessary keep touching it. This can also be seen as a 
strong point, since we intended that the interaction with 
the material would reveal it’s heartbeat. This moment of 
revelation can be intense when kept short. To really say 
this with conviction, we would have to carry out some 
user tests. 

Composite material require a lot of exploration due to 
its extensive combination possibilities.One could argue 
whether the thickness of the 3d filament was appropriate, 
or whether enough of the mesh was covered. The best 
way to have found this out is to carry out many more 
experiments with different filaments and pattern design. 
We wanted to use fabrics as the base material. But these 
can get heavy. Due to a not so powerful electromagnetic 
coil we were constraint to use mesh as our fabric. Instead 
of seeing this as a constrained we tried to make this our 
advantage. And it eventually was, due to the fact that it 

worked really well together with the 3d print filament.

CONCLUSION
This design process of creating an interactive material 
has given us new insights regarding materials, interaction 
design and the combination of both. I was mostly 
fascinated by the many opportunities for composite 
materials in material interaction design, due to the 
possibility of manipulating and creating new properties 
for materials. Furthermore do I believe that once people 
succeed in designing materials with embedded sensor, 
actuator and the interaction all within one  it will 
completely change our every day interactions a
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PERSONAL REFLECTION 
Materiality and Interaction are both topics that I am very 
interested and that form a big aspect of my design vision 
and professional identity. In a way I therefore had a lot of 
expectations regarding my own work and I did not quite 
fulfilled them. On the other had did I learn a lot and it has 
enlightened me to approach interaction from a material 
perspective. 

Initially did we, as a team, start out to be very 
communicative and motivated. As time passed by 
we seemed to be experiencing some agenda and 
communication issues, which lead us to get behind on 
the design process. Each group member also had a very 
different approach to the design process, this is something 
I have dealt with more often and I do not experience this 
to be a disadvantage but rather an advantage. Having 
these different backgrounds allowed us to approach the 
process from different perspectives and in a way make 
the concept more complete. Something that was a little bit 
hard to work with at times was close-mindedness towards 
the abstract project description. Meaning that some had 
a difficult time being creative and crossing boundaries to 
create something without an everyday purpose. In this 
case I could have stepped up more to guide them through 
this process. At the end of the elective everyone joined 
forces again to try to make a final sprint. 

Aesthetics is very important for me as a designer. 
Especially when looking at interaction aesthetics can be 
used as a tool or a means of communication. Over the last 4 
years I believe that I have started to form the aesthetically 
identity of my work. Most of my works are clean, a little 
bit organic shape wise and detailed, which people in some 
cases would express as delicate. Initially when starting 
the process of creating this interactive material I did 
include or consider this part of my identity. I think this 
was something positive because it allowed me to look at 
materials and their behaviour open-mindedly. Later on in 
the process I tried to take the chosen materials and their 
behaviour and add my own twist to the aesthetics. At the 
same time did I try that the aesthetics would shape the 
behaviour of the material. This was a very educational 
and fun experience, a technique and perspective I will 
definitely be using in my future projects.  

During this elective I have been very inspired by how also 
moving images can provoke certain emotions and how 
that can be used to present certain ideas, concepts and 
products. I have never been very confident regarding my 
video editing skills but after seeing what other brands 
had created an experience through video, I wanted to 
attempt doing this myself. Luckily my fellow group 
members allowed my to pursue this goal. Looking 
back at this experience of creating something and then 
communicating it to the outside through video I am very 
enthusiastic to be using this in future works. 

This elective has allowed me to further develop my skill 
as an interaction and material designer, and has offered 
me literature and skills that will be very useful in my 
education and professional career. 

LINK PROCESS VIDEO
https://vimeo.com/313207121 

LINK FINAL VIDEO
https://vimeo.com/313182740


