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HYBRIDITY IS THE
CONTEMPORARY
PARADIGM OF DESIGN.
Design, as it is often understood in a traditional way, is about tangible materials
and crafty processes. However, design has been using digital tools since the
1960’s. Using these tools created a shift of design from the workshop to the
screen. The object of design, in our contemporary ‚culture of digitality‘ (Felix Stalder: Kultur der Digitalität, Frankfurt 2018) is therefore not primarily the serially
produced artifact of industrial design anymore. We are rather creating processes of interaction with meaningful artifacts. At the same time, it would be a misunderstanding of design to assume that industrial design has shifted completely into the digital sphere and is forgetting its material origins. Our immaterial
tools in design (especially in recent years) are always linked to specific materials,
processes and actors.
Essentially, the phenomenon of digitality in contemporary design seems
to depend as well on processes of implementation and materialization as it depends on codes. These phenomena are located in a hybrid space between digital and analogue instead of using digitality as a mere tool or technical entity to
design simulations for consumer products. Strategies that have been originally
developed in a »digital« context are now being transferred back again onto a
structural, material and conceptual level within design. To make sense of this
back-and-forth movement between the digital and the physical world, we need
to question the borders that have formerly marked our thinking about design.
All papers presented in this conference are thus adressing the question
of design in some way. Their notion of interaction also shows: The discourse
around digitality in design would benefit from a term that lies beyond the dichotomy of material culture and digital technique: the interface. A hybrid concept of
the interface could help to frame the complexity and multi-layeredness of contemporary design processes. The concept of interface is productive to the extent that it always puts design in relation to use. Previous design concepts have
missed that point. Form Follows Function - probably the most powerful paradigm - simply associated the user with functionality. This can be shown most
obviously in Le Corbusier‘s concept of the Modulor, where the human became a
standardized formal entity. In contrast to that, postmodern design focussed on
meaning and on the semantics of design, to break the paradigm of functionality.
With the ubiquity of digitality, products and services became so complex that
both strategies were abandoned, and the users with all their needs came into
view.

the panel ‚Redefining Perception‘. Of course, the interface is not merely understood as the surface of the screen, of course, but as a more general concept of
interaction with artifacts, tools and communications (Gui Bonsiepe: Interface.
Design neu Begreifen. Mannheim 1993, p. 20). The new paradigm of interaction
then concerns design at all levels: Firstly, us as designers who create new products because we develop them by using digital tools. Then, as a next step, the
transformation of these tools, as they are further developed, modified and redesigned by the designers in order to create new things (being discussed in the
panel ‚Creative AI‘). Secondly, there are those interfaces that we all encounter in
everyday life, in a variety of forms, and that open up the world around us (which
we want to discuss in the panel ‚Probing Change‘). One could say that the interface has long been so ubiquitous that it can be described as the new paradigm
of design par excellence. We can therefore no longer speak of ‚the interface‘. We
should be talking about interfaces in different ways and create different terms
of ‚interfaces‘: The user’s singularity of perception, of his or her or cis body and
other singularities are of importance. In Donna Haraway‘s Cyborg Manifesto, for
example, the gender dualism dissolves with the dissolvement of the border between body and technology. This ambiguity and hybridity must be considered
when designing interfaces (‚Empowering Human Bodies‘). Further, the political
entanglement of a networks of actors in connection with the interface needs to
be taken into consideration. Also, the demand for user participation is of importance, and finally the fact that even participation does not always imply transparency but that it can lead to a not-so-good platform capitalism is a matter of concern (‚Practicing Ethics’). Finally, we have to deal with the new world around us,
which we can, for instance, by probing self-awareness (‚ Educating Ourselves‘).
In all these concepts of the interface, we are assuming a new ‚Super-Human‘. For the ‚Super-Human’, openness, transparency and participation seem
more crucial than borders, specific terms and presuppositions or the absolute
relation of form and function. The Super-Human is suggesting both a productive
term of digitality and of the interface, emphasizing the hybridity of contemporary
digital culture.
— Annika Frye, Program Chair
Kiel, September 2019

The hybrid interface of contemporary design is essentially aiming at the category of perception and the experience of the digital – we are discussing this in
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CREATIVE

How does Al shape the future of design and how
can designers shape the design process using
Al? As the discourse around Al is using creativity
as a proof for its actual existence, we want to
explore what Al can do in the field of design.

— Alex Niggemeyer
(28) The role of augmented intelligence in debugging mental models
— Yuhan Che
(16) Companion robot: a good friend
— Bowei Xiao
(8) Artificial synaesthesia: Expanding horizons of human perceptions
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THE ROLE OF AUGMENTED
INTELLIGENCE IN DEBUGGING
MENTAL MODELS

DESIGN METHODOLOGY
Design methods have been around since the mid 20th
century. One of the first ideas to establish a system for
analysing design problems were developed by the HFG
Ulm (Hfg ulm, n.d.). Today well-established routines in
the design process. The methods describe principles and
practices to define a certain problem, create prototypes
or solve use cases. They have become an important role
in the design process. Structuring the process with
different practices helps also other parties to follow
along because the whole procedure gets more
transparent. That has democratized the design process.
As everybody is able to participate in them.

ALEXANDER NIGGEMEYER
MUTHESIUS ACADAMY OF FINE ARTS AND DESIGN
ALEX.NIGGEMEYER@GMAIL.COM

AUGMENTED INTELLIGENCE

ABSTRACT
As new intelligent machines evolve, new
possibilities reveal and change the ways we think
and behave. They not only improve the products
we design. They also enable new design methods
and tools for a more efficient and productive
process. But how can this technology be used to
get a deeper understanding of the user’s
perception?

INTRODUCTION
For a long time, humans and machines have been
working together. Machines helped to become more
productive by performing tasks much faster and more
precise than humans could. It started very simply, but as
technology evolved, the machines became more
complex and were able to produce products from start to
finish.
For decades computers have been controlled by humans
and they functioned like they were told to. Machine
learning offers a new way of programming such
systems. Rather than a hard-coded algorithm, the system
is trained with data and builds his own algorithm for
decision making. This creation is what we call today an
artificial intelligence.
Where are the possibilities, advantages and barriers of
working with an intelligent system in a creative process

such as designing? The way how these machines can
“think”, changes the way how we work with them.
Therefore it is key to fully understand the patterns of
decisions and create new processes to integrate them in
the workflow.
Especially in the field of design, the idea of generating
designs by non-humans are intriguing and frightening at
the same time. It could mean to be more productive in
terms of producing higher amounts of variations or
content. This paper discusses the ability to widen the
perception of designers to perform a greater look into
the users’ interaction. Working with intelligent tools
also changes the ethical and moral behaviour and takes
a greater responsibility towards the user. Now there is to
decide in which ways machine intelligence can support
the designers.
Probably a lot of designers already use systems which
are machine learning-driven without knowing. They
might often start with a little search on Pinterest to get
the initial spark for their design project. The search
engine of Pinterest already features a deep learning
algorithm for its users. The user feeds the algorithm
with information. On the saved pins and searched
keywords it tries to predict the best recommendations
(Cristiani 2018). That means the design process already
starts with bias based on the preferences of the designer.
Thinking designerly allows the designer to conquer very
different topics and themes because it is key to
summarize an issue, focus on mediation and not be a
specialist (Romero-Tejedor et al. 2010, pp. 157–60).
In the context of product development algorithms might
already shape the subconscious in a direction. It does
not have to be for the worse but it might compromise
the originality of creativity o misses the mediation.
This paper tries to define the possibility and constraints
of intelligent co-working processes in the field of design
with the focus on moral and ethical correctness.
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With the rise of the computer technology machines were
able to perform logical tasks and operations. But still,
they were not able to think as complex as humans. In
fact, they were still working as a mechanic machine but
on a digital base. To solve more complex operations in a
human-like way, there was a need for new techniques
and algorithms. The first ideas were already developed
in the mid 20th century. Due to the missing computation
power and hard-drive storage, machine intelligence
came to bear over the last decade and opened a whole
new field of possibilities for computers to take action.
The first framework to build and test intelligent systems
goes back to Alan Turing. Turing’s idea proposes a test:
A person asks questions to an unknown person to
determine whether it is a real person or a machine. If the
interrogator believes a machine is a person. The
machine shall be called intelligent (Anyoha 2017).
Today there is a wide range of intelligent systems, but
what means intelligence in that case? The intelligence
describes the cognitive capability of beings, but when
we speak about machines the meaning differentiates
from common sense, because of the usage in a different
context. So far artificial intelligence is not necessarily
related to beings, that is why their intelligence is
weighted differently compared to human intelligence
(Neumaier 1994).
Today there are several models to create intelligent
systems. All refer to machine learning. The ways how to
learn is depending on the model. What they all do, is to
classify data based on the given information in the form
of training data. With that in mind and in relation to the
Turing’s Test, it could arguably be described as
“narrow-minded” compared to human capabilities. Even
if it is trained to behave like a human and is not (yet)
capable of adapting like a human.
If we put this into perspective, we as humans, are still
the architects of those systems. As we are deciding what
it can and can not do (Stringer 2018). Therefore the
paper proposes the term augmented intelligence (AI) to

avoid misconceptions about the ability of intelligent
systems.

REFLECTION ON THE CURRENT STATE
Today already a lot of companies use AI in or for their
products in a wide range of fields. This technology is
often used to create variations, personalize or classify
content. For example, uses Netflix machine learning for
personalizing recommendations and visuals
(Chandrashekar et al. 2017). They try to predict what
the user likes the most to give the best possible
experience and to maximise the time on the platform. In
order to achieve that the system needs a lot of data
about the user. This data can contain sensitive
information and puts the companies in a position to
build trust between their users and their product.
Without trust the company can not guarantee the best
experience and the product will fail (Van Kleek et al.
2018).
When a company decides to use AI technology within a
service or a product, it is most likely used to build
custom experiences and interaction. Besides that, it is
possible to use the technology in the design process.
Most design practices with AI are based on personalized
experience or help to find unique designs from similar
successful products. The initial idea is to enable a
co-working process between the designer and the tool
(Philips 2018). Airbnb has already used machine
learning to enable such a process. Their tool transforms
sketch wireframes into code and generates high fidelity
mockups. They also predict interfaces to become more
standardized (Wilkins 2017). Basic work can be done
much faster because analogue Concepts can be instantly
digitized. The risk of standardized interfaces that they
will all look and feel the same. The more standardized
designs are, the more the opportunity rises to use
algorithms for that. Designs by AIs are the result of
millions of concepts which have been successful could
lead to the “ultimate” design and the only interface.
Websites already tend to look very similar. For example
Netflix and Amazon Prime. The major difference lies in
the content.
The more this technology gets used in the design
process the risk to design on “autopilot” is higher. The
more assistance we use, the more we tend to fade away
from the actual work of investigating and finding new
possibilities.
To overcome or prevent this scenario I propose an
additional way to use AI in the design process. Of
course, AI helps to be more efficient and productive, but
it can also help to create more diverse and unique
interactions.

ANALYSING THE DESIGN METHODOLOGY
Designers have a huge pool of methods and practices.
Some of them are taking into consideration different
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user-perspectives. Others help to structure interaction or
user-cases. Which methods would have advantages with
an enabled AI co-working process and which tend more
to be a “classic” method without any augmented
perception needed?
In order to get an overview of methods that could be
supported by AI Design methods from the “digital
society school design method toolkit” (Design Method
Toolkit 2016) were clustered in two ways. In the first
step, I analyzed how much the AI could support
common methods like wireframes, moodboards or
persona. For that, I imagined scenarios based on the
method, suggested how the AI can be involved and
predicted the impact on the method. In the second step,
the methods are sorted whether they are more
programmatic or empathetic. These categories are
defining if these techniques focus on users and their
emotions towards the product, the structure or the
problem itself. The results are two schematics
describing the link between the amount of support of the
intelligent system and focus (fig. 1, 2). The schematics
are rather a subjective conclusion because everyone has
probably a different approach to how the AI could
exactly be supportive.

augmented intelligence, for example, wireframes or
behaviour lenses. An intelligent system could speed up
the process by sorting or digitizing. Others are there to
define problems or goals for the concept or product.
They help to put oneself in the position of the user but
at the same time reflect on your current stage in the
design process. The line between the parameters seems
to be blurry. The most common goal most of these
methods have is to find and eliminate blind spots in the
design concept. Blind spots are hidden in our
subconscious, as they are protecting us for a perception
overload (Fenn 2018). Also, the sociological
background has a big impact on our blind spots. In
“Parteiisches Design” (eng.” partisan design”) Jesko
Frezer describes the problem of different worldviews.
Every designer has an idea of the ideal world and tries
to project them on concepts and products (Fezer 2018).
Therefore we make wrong assumptions all the time.
This blindness refers to the background of how we have
been socialized, which could mean culture, bias, to
know better or missing empathy.
In terms of user experiences or user interfaces, that
blindness describes the gap of perception and
interpretation between the user and the creator.
This finding leads to the concept of mental models. The
concept bundles the idea of the methods and problems
described above. Jamal Nichols describes mental
models as a person’s internal representation of external
reality, based on their learning and experience. This
representation shifts from user to user, depending on
age, experience, social background, etc (UX Design
Basics: Mental Models 2017).

Figure 1: Clustered research methods

The last big change of human’s mental models was
probably the introduction of the iPhone in 2007. It
accelerated the digitization, shaped the minds of whole
generations and transferred our culture in a post-digital
world. Since then designers created various designs
based on that mental model.

DISCUSSION

Figure 2: Clustered create methods

Analysing the result, I can conclude that I tend to
suggest an AI for programmatic methods more than
empathetic. Some have the obvious potential of

If we consider looking at mental models with the
augmented perception of machines, we need to define
the limits of those systems and also understand their
capability. Looking through the “eyes” of AI on mental
models, we able to see patterns and behaviours with an
objective view. If AIs are trained with user data each
action should be seen as a logical decision in the
process. It could predict the paths of users with different
mental models. Interpreting this prediction becomes a
very important part for the designer. If the machine
suggests alternatives which will be added in the design.
The designer starts designing with the bias of the system
because the system was trained with data, which reflects
stereotypes (Buranyi 2017). Rather than taking
suggestions, we can ask the system questions. It can
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present us correlations between actions and users mental
model.
When your system predicts that 90% of your user has
the correct mental model for your concept, you could
ask why the last 10% failed to use your product. Did the
users get lost in some actions and gave up or did the
system failed to classify them, because the approach of
the interface was unusual?
The possibility to build little twists in the experience to
maybe change certain behaviours or mix things up. It
opens the ability to sharpen the view of the user to stay
open-minded. You might also be able to overcome
biases and gain more trust from your users.

CONCLUSION
Intelligent machines have great opportunities in the
design world. The machine's perception has the
capability to overcome our blind spots, our biases and
can represent an objective view of the humans we
design for. It should not take over the designing but
disclose decisions of the user and also justify the design
decisions. On the one hand, we as designers can debug
behaviours of mental models and on the other hand, we
can reflect our own models and debug ourselves.
The research is an ongoing project and is by far not
finished. The next step is to define scenarios of the
workflow and possible results.
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COMPANION ROBOT: A GOOD FRIEND

world more credible, but other aspects, such as behavior
and expressions, verbal and non-verbal, are as
significant as the visuals. Consistency is the key to
believability.

YUHAN CHE

Believability it needs to be broken into a set of
characteristics that together contribute to create the
companion robot: Its voice and discourse abilities, the
quality of its visual representation, the body language
and the emotional expressions, its social abilities to
simulate an understanding of the user’s emotions and
actions, all compose the overall make up of the
character and contribute to its believability.

MUTHESIUS UNIVERSITY OF FINE ARTS AND
DESIGN
TIGERCARCAR@ICLOUD.COM

ABSTRACT
A good friend is the one that make you laugh,
shares your deepest emotions and is there to listen
and help you when you need it. Can we have a
companion robot with these qualities? He/she (we
assume it has the status of a person at this stage)
should be able understand and express emotions, to
talk and listen, know who you are and what you
feel and like. The purpose of the paper focus on
this companion robot, that is mostly like a good
friend from you are child to die.
INTRODUCTION
When we look at the future trends in the field of
consumer-grade artificial intelligence, we tend to see
functional appeals, such as personal affairs assistants,
automatic translation, photographic image processing,
etc., which tend to overlook a very important issue in
the future of intelligent life. What will the future of
relationship between human and artificial intelligence
look like?For example, the voice recognition accuracy
of intelligent voice assistants has reached a high level,
and it can really help us solve some problems in reality,
but when I talk to Siri, for instance, I have noticed that I
unconsciously control myself, using plain, Say my
needs without any emotional tone, why? Because we
know that this machine is only a tool, and if the
dialogue are filled with emotions such as joy, hate,
anger, and pride, it will be a very awkward or even
stupid experience. This is by no means a paradigm for
future human-computer interaction because it is not
human. Will human-computer interaction become more
humane, gain user's identity and even empathy, promote
equal dialogue in the process of human-computer
interaction, and make companion robot become the
"friend" accepted by users?

ARTIFICIAL COMPANION
Artificial companions are typically intelligent cognitive
‘agents’, implemented in software or a physical
embodiment such as a robot. They can stay with their
‘owner’ for long periods of time, learning to ‘know’
their owner’s preferences, habits and wishes. An
artificial companion could enter a close relationship
with its owner by chatting too, advising, informing,
entertaining, comforting, assisting with tasks and
otherwise supporting her or him. In doing this, the
companion should make no technical demands on the
user. some people might find artificial companions
better companions than humans. When talking about her
relationship with Aibo, Sony’s household entertainment
robot (see sample Figures 1), as one woman said about
this device ‘is better than a real dog ... It won’t do
dangerous things, and it won’t betray you ... Also, it
won’t die suddenly and make you feel very sad.’ This
kind of response to a machine was seen as something
potentially disturbing by some, but welcomed by others
who thought such relationship could be of great benefit
to some people.

This companion robot should also exhibit a full
consistency across the senses if it is to make one feel it
is human. Such believability does not always imply
realism. Walt Disney cartoon characters exhibit human
traits which are clearly recognizable and accepted as
believable within an embodiment most often far from
exhibiting a photorealistic look, yet they express clearly
recognizable human traits. As Garau et al., (2003) and
Vinayagamoorthy, et al. (2004) have shown, having a
photorealistic 3D character does not make the virtual
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As some authors (Garau et al., 2003; Vinayagamoorthy,
et al., 2004) report, having photo-realistic people does
not make them necessarily more believable if their
behavior, speech and language are not at the same level
as the visual qualities. Any discordant element makes
the character less believable. There is a theoretical
contrast between the quality of the movement of a
synthetically generated character and its visual aspect
described as the Uncanny Valley (see sample Figures 2).
Masahiro Mori represented the emotional response to a
generated character as a curve that rises up to a point
and then descends rapidly when the character resembles
a human being more and more, to reach the lowest peak
called the Uncanny Valley and then rises again very
rapidly. Consequently, one has to consider how human
the companion robot should look like and still be
believable.

GOOD FRIEND AT CHILDHOOD

The understanding of friendship in children tends to be
more heavily focused on areas such as common
activities, physical proximity, and shared expectations.
This companion robot should at owner’s childhood act
like a child, and share with her/him.The key to success
for a companion robot is not necessary to look like a
human. Cartoons, for example, still generate emotions
and reactions in the human spectators.
Friendship in adulthood provides companionship,
affection, as well as emotional support. To build a
companion robot that communicates like a human one
in this phase has to consider that it will need to be both
sensitive to the emotional state of its human partner and
be able to respond sensitively. It will, in other words,
need artificial theory of mind - such an artificial
companion robot would need to behave as if it has
feelings and as if it understands how its human partner
is feeling.

Figure 1: Aibo, Sony’s household robot

The key to success for a companion robot is not
necessary to look like a human. Cartoons, for example,
still generate emotions and reactions in the human
spectators. The success of a companion robot character
is in its coherence.

GOOD FRIEND AT ALL LIFE

GOOD FRIEND AT ADULTHOOD
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Other attributes that affect believability during social
interaction with a virtual companion are also the
environment in which the interactions take place, the
user engagement in the task to be accomplished within
the given application, and the level of interactivity
possible between the human and the companion robots,
which is here considered as a property of the technology
that the user manipulates for the interaction to take
place: the input and output devices. These attributes,
although important, are not reviewed in this paper
where the essence of the character’s qualities is
considered in absence of context; Here I analyze some
important characteristics for a truly believable friend.

LOOKING LIKE A HUMAN

GOOD FRIEND AMONG THE ELDERLY

As family responsibilities and vocational pressures
lessen, friendships become more important. Among the
elderly, companion robots could provide links to the
larger community, serve as a protective factor against
depression and loneliness, and compensate for potential
losses in social support previously given by family
members.

2

Figure2: Uncanny Valley

COMMUNICATING LIKE A HUMAN
To build a companion robot that communicates like a
human one has to consider the aesthetic qualities of the
character movements, its behavior and its ability to
interpret and respond verbally and non-verbally to the
human user. Humor and politeness make a character
more human-like, but these characteristics need not only
to be expressed, but also to be interpreted.Gupta,
Romano and Walker (2005) and Gupta, Walker and
Romano (2007) have developed a dialogue generator
able to express sentences at different level of politeness
according to the relationship the agent has with the
person it is talking to. Non-verbal communication is
also important to induce empathy so as to truly be one’s
best friend. In particular, the emotions are mainly
expressed in a non-verbal manner. Shaarani & Romano
(2006, 2007), and Romano et al (2005) have studied
how different strengths of emotion should be portrayed
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in virtual characters and what are the characteristic of
the body movement that make the recognition possible.

BEHAVING LIKE A HUMAN
Visuals, communication and look are not enough if the
companion robot friend is not autonomous and able to
generate its own behavior. Consequently, a companion
robot needs to have a computational model that allows
him/her to generate expressions, emotions and credible
behavior. The main areas to simulate computationally
are the interpersonal factors, the emotions and the
personality. Kolb & Whishaw (1996) proposed that
cognition and emotion are connected and vary together.
Our emotion conditions our intentions and how memory
and ideas are formed: For example, feeling anxious
increases the speed of one’s behavior. Some emotions
appear to have a purely social function, as they induce a
reaction in the spectator of such an emotion.For
example, if someone is annoyed it automatically
generates a sense of guilt in the spectators of such a
display of emotion. To be believable, a companion robot
friend has to be able to sense the emotional atmosphere
and react accordingly. Romano et al (2005), Burkitt &
Romano (2008) have created a computational model
that drives a synthetic character called BASIC
(Believable Adaptable Socially Intelligent Character)
that is able to generate an emotional response to an
emotional event in input that is in turn generated by
direct interaction with another character.

CONCLUSION
Along with the development of the network and
globalization, people make more friends through the
network, resulting in a decrease in the number of close
friends. Intimacy is very important to the development
of people's body and psychology. In the current
information age, more and more people feel that Being
alone, therefore, in the future, companion robots will
become an important part of the field of artificial
intelligence.
Technically the more naturally human the dialogue
between companion robots and their users become, the
more smoothly will companion be able to adapt to the
changing requirements of their owners over a long
period, without the user having to continually learn new
skills and knowledge and forget old ones in order to
interact effectively with the companion robot. therefore,
one companion robot for one owner is a very important
assumption to realize the friendship between them.
Based on this discussion I suggest that ‘coherence’ is

key to understanding companion robots, however, these
technologies and theories (for example, imitation,
compassion, non-verb, etc.) are developed separately
and are not combined with each other. If these
technologies are purified and combined, the future
companion robots will be an important direction for the
development of artificial intelligence.
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ARTIFICIAL SYNAESTHESIA:
EXPANDING HORIZONS OF HUMAN
PERCEPTION

their perceptual abilities. The fundamental appearance
of synaesthesia is based on ‘non-existent hallucinations’
in the brain. Thus, the objectivity of the world was
never a consideration during this project; the important
question involves how people use their own
imaginations to understand the subjective world and
eventually, by means of machine cognition and artificial
intelligence, to enhance their sensory abilities.

SENSORY SUBSTITUTION

BOWEI XIAO
MUTHESIUS UNIVERSITY OF FINE ARTS
AND DESIGN
X.BOWIE@MUTHESIUS.DE

ABSTRACT
As French philosopher Roland Barthes said, there
is no natural connection between the signifier and
the signified. The existence of an object in the
objective world is perceived by our sensory organs.
The shapes, colours and temperatures of objects
are just the subjective perceptual language of our
brains. Hearing colours, tasting alphabets– the
fundamental appearance of synaesthesia is based
on ‘non-existent hallucinations’ in the brain. The
primary aim of this project is to determine how to
use these hallucinations to represent information
that goes unnoticed or cannot be perceived because
of human sensory limitations. Thus, a novel headmounted device is presented. The device gathers
visual information and transforms it into pure
tactile language. It provides the possibility that
haptics, a ‘low-resolution’ perceptual language,
can be used, by means of machine cognition and
artificial intelligence, as a new sensory channel to
expand horizons of perception in humans.

INTRODUCTION

Visible light waves (vision), temperature (haptics),
chemical molecules (taste) and other phenomena
humans can see or perceive are actually just a tiny part
of the real world (‘The visible spectrum’, the most wellknown of human sensory limitations, means that the
typical human eye is only capable of perceiving light at
wavelengths between 390 and 750 nanometers). In real
life, much information goes unnoticed and cannot be
perceived because of human sensory limitations. It has
therefore been a long-standing goal to increase the
capacity of the human mind.

Synaesthesia is a perceptual phenomenon in which the
stimulation of one sensory or cognitive pathway leads to
automatic, involuntary experiences in a second sensory
or cognitive pathway (Cytowic 2002). This may involve
hearing colours, tasting the shape of alphabets and
seeing colours of music, perceptions that are not
available in the objective world. Synaesthesia provides a
general idea of how a sense can be transferred to other
senses. Therefore, artificial synaesthesia has been
designed so that people who do not have synaesthetic
experiences can, through human intervention, gain the
ability to experience joined perception. This new
perceptual experience allows people to ‘see’ familiar
objects in a completely new way and expand the
abilities of their natural perception to sense objects that
they otherwise would not or even to discover an
unknown world that they had not been able to sense.
Human vision involves more complex neural
mechanisms and gathers distinctly more information
than the other senses. By attempting to translate visual
information into tactile information using artificial
means, this project aims to discover novel human
perceptual channels in order to allow humans to expand
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The idea of sensory substitution was first introduced in
the 1960s by Bach-y-Rita. Sensory substitution systems
attempt, using artificial means, to help people who have
a sensory impairment restore their ability to perceive a
certain sensory modality (Bach-y-Rita 2003). It is
similar to artificial synaesthesia, but the two also have
significant differences. Sensory substitution has
developed over almost half a century, and many
products and prototypes have been applied to its
development. Brain plasticity is one of the most
important theoretical ideas supporting the sensory
substitution system. During sensory substitution
experiments, scientists have shown how impressively
flexible the human nervous system can be when
consistently trained (Singh-Curry 2008).
In previous works, scientists mainly focused on
conveying ‘real’ information from one perceptual
modality to another, as shown in Figure 1. Although the
modality was transferred successfully, the information
still retained the shape stimulation (visual information).

‘feel’ information that they are not typically able to
perceive and, after multiple trainings, manually build a
connection with the real features of an object.

RE: VISION

The human imagination can not only be used in the
context of creative artistic works; it offers pragmatic
applications, too. In my conception, the most important
point that I focus on will be the invention of a tactile
‘language’ to represent human visual perception in a
completely different way.
FIRST PROTOTYPE

To start, the system for gathering visual data based on a
Kinect camera is presented (Figure 2). The camera
emitted thousands of invisible infrared rays to calculate
the area of objects at a certain distance, and the
environment around the camera was diverted into
multiple sections in the monitor. The collision of
infrared rays in a different section would be activating
different LED, depends on the number of collisions. The
intensities of the LEDs can also change autonomously.
In this respect, the intensity of the signals is directly
connected to the area of the objects in the sections; the
higher the LED luminance, the more collision
responses.

Figure 1: The tactile display unit (Kaczmarek 2011)

Figure 2: Visualisation of visual data

In my opinion, human perception and environmental
reality have no direct connection. Perception is likely
the brain’s language describing reality resulting in the
generation of a symbol for an object being viewed.
What should really be concentrated on is the translation
of that language.

INPUT

For example, the most successful sensory substitution
system to date is braille. The braille system does not
simply use an embossed alphabet; instead, the
characters have different tiny bumps called ‘raised
bots’. In this case, raised bots are actually a new tactile
language describing the alphabet.
‘Hallucination’ is the biggest difference between
artificial synaesthesia and sensory substitution. Through
technical interference, artificial synaesthesia lets people

The second step that was taken into consideration was
how to translate the information and to receive those
data through suitable tactile signals. Compared to haptic
devices addressed by previous works, conveying
unnecessary information about the environment can lead
to a risk of sensory overload. The translation of tactile
signals should be as simple and as distinct as possible.
The first proposal for application was to use minivibrators instead of the LEDs (Figure 3, left). It does not
fully meet our expectation because of the lack of a
sensitive receptor. The second proposal was designed to
simulate the press stimuli by using a hub magnet
(Figure 3, right) which was more accurate and more
similar to electrical stimulation.
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movement. Therefore, when a user moves, the changing
feedback can intuitively indicate the spatial position of
the target (Figure 5).

perception is that sensory substitution should not
heavily interfere with other important senses, especially
hearing. The auditory stimulator would therefore be
applied only as supplementary input for this prototype.
For practical usage, a lightweight head-mounted device
was designed after comparisons of a variety of shapes
and ergonomic considerations (Figure 7).

Figure 3: The proposals of input simulation

The final stage of this prototype integrated the Kinect
motion sensor and the input simulation that can be
attached to the head; the hub magnets, which are
mounted with annular housing, can generate the stimuli
and be conveyed to the forehead (Figure 4).

After long-term training, subtle variations in signal
intensity can even indicate differences in the shapes of
different objects. At the moment of contact between the
target and the perceivable range of the prototype, the
change of signal intensity and the velocity of change in
each point can discern the difference from shapes of the
target (Figure 6). According to this feature, the height
and size of the target can be also identified by different
variations of signal intensity.

•
•
•

The changes of direction involving where the
user is facing (head rotation).
The changes of position involving where the
user is standing.
The changes of each signal intensity in a
certain moment

Figure 7: Appearance of prototype

To further clarify and describe how to represent visual
data using tactile language, the fundamental functions
were illustrated (see Figure 5 and 6). The grid shapes
represent the sections facing the camera system; each
section connects with each stimulus in the round shape.
The reception of environmental information by this
head-mounted device is based on the rotation of the
head. When the head is no longer facing towards the
target, the stimuli will also be transferred from the
centre of the forehead to the side of the head. The
advantage of this change is that when a user is moving,
the feedback from the target changes constantly unless
the head is always facing the target during the

The final product consisted of three parts (Figure 8): a
visual information collector, a row of tactile signal
generators and an auditory signal generator.

Figure 6: Form detection

Thus, in this prototype, with the help of physical
movements such as head rotation and user movement,
the visual description like such shape has fully replaced
into the variations of tactile signals. When the signs are
accepted and understood in the brain, then the purpose
of artificial synaesthesia has been completed.
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HAPTIC MODULE
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SECOND PROTOTYPE

Evidence from neuroimaging and transcranial magnetic
stimulation (TMS) highlights the general point that
different senses do not operate in isolation (Pasqualotto
2012). There are many examples of how information
transfer from one modality influences or even alters our
perception of stimuli in another modality; this also
shows how important the integration of different
sensory modalities can be. Therefore, based on the first
prototype, an auditory sensory modality has been
considered an additional perceptual channel in the new
prototype. Our primary condition for extending human

The subjective descriptions of objects, i.e. shapes and
colours, are actually the perceptual language of our
brain. Inspired by this reality, this paper describes the
design of a prototype that translates visual information
into tactile language. This successful visual substitution
proves that information received by the natural sensory
organs can be perceived in another form through manual
intervention.
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How can objects’ spatial positions and shapes be
represented like human visual perceptions with only a
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change in the magnitude? In order to represent such a
large quantity of visual data, three distinct factors have
to be condition and notice:

CONCLUSION

Machine cognition and artificial intelligence, common
research topics in recent years, illustrate how future
people’s daily lives will unfold, how people and
machines will interact, and also how the external world
will become more complex. The aim of this project is to
propose that haptics can serve as a kind of ‘lowresolution’ perceptual language (Gallace 2006) and can
describe such quantity of information like vision.
Machine cognition and artificial intelligence can also be
used to form a new sensory channel to expand human
perception.

Figure 5: The changes of signals during head rotation

REPRESENTATION

overload and a significant learning process are
inevitable conditions in this project.

Figure 8: Consist of prototype

According to previous experiments regarding sensory
substitution, the use of haptics to convey visual
information is strongly constrained by the intricacies of
haptic representation, although some highly trained
observers are able to notice remarkable details. Sensory
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PRACTICING

The ethics of design are particularly important
when designing interfaces since they form the connection between people and technology. It seems
to be important that technology is not perceived
as an actor on its own, but as a collaborator.

— Divya Kowshik
(12) Practicing Discretion and Ethical Intrusion for Smart Devices
— Anja Lindner
(5) Behavioural design and ethic in user interfaces
— Neeta Khanuja
(10) Exploring the potential universal design in adaptive architecture
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ABSTRACT
The crux of the research presented in this paper is
to highlight the patterns of unethical practices that
have currently been prevailing within the sphere of
UI/UX design. The focus has shifted from ‘usercentric’ to ‘profit-centric’ design with powerhungry multinationals redefining best practices and
rewriting the designer’s ethical code. Change is
only sustainable when both parties in the
relationship participate - Designer and User. The
ultimate objective is to propose a course of action
to fuel this change within the design community, as
well as to bring to the cognisance of the user, what
he/she must expect from an interface. This paper is
an assimilation of continuing research within this
field and therefore does not yet propose a specific
solution to the highlighted problem.

INTRODUCTION
Motivation is difficult to sustain. It is hard not to get
swept away by the fever of new trends that bring in the
big bucks. Oftentimes it is a matter of making better
choices, but we ultimately make the wrong one.
Corporations are reluctant to be vulnerable and accept
blame for their actions out of fear of further attack. E.g.
Push notifications were first invented as a system for decluttering one’s inbox and focusing on things one wants
to follow. In the early 2000s Engineers and Designers at
Blackberry were researching ways to revolutionise how
we interacted with mobile phones. What they called

‘Push Services’ was the pioneering email notification
system. It was then that this disturbing cycle of
conditioned reward-based behaviour that we still exhibit
today was established. (Badheka, 2016)
The concept of operant conditioning (Skinner, 1953) is
taught in elementary psychology classes. The incessant
behaviour of checking our device every few minutes is
reinforced by a need for a (variable) reward. The
reinforcement comes in the form of engagement we
receive - likes, comments, shares - on our posts. One of
the key factors in this model is deprivation, where its
effectiveness increases as we distance ourselves from the
device. Much like the withdrawal symptoms of an addict
who has to keep coming back for more. (Lozovschi,
2018) (Turel et al, 2014)

INTRUSION BY CHOICE
Smart devices siphon away our attention at every waking
moment. Although we think of ourselves as more
evolved than most animals, they are dwindling our
attention reservoir in much the same way. Blackberry
commercialised this intriguing push notification
technology, Apple brought it into the mainstream with
APNS (Apple, 2018), Google adopted it for its Android
system (Vogel, 2016), and ever since, this has become
the only way we know how to engage with technology.
The bell that was once used to keep us in the loop is now
mostly used to bring us back into the loop instead.
(Zumbrunnen, 2018)
Push notifications keep us updated with news as soon as
they are received. In the real world that would mean that
instead of putting all your mail into the mailbox once a
day, the postman would ring the doorbell constantly, at
all times, with each new piece of mail. Each time, he will
give you a short summary of its contents and the identity
of the sender. If you would prefer, the postman could
also open the mail for you and read it out loud.
More often than not, we hear horrific incidents of the
common folk being exploited surfacing everyday. The
root of the problem lies in the culture of surveillance
capitalism fostered by tech giants who are monetising on
their customer’s vulnerabilities. (Sulleyman, 2017)
Apathy however, should not be confused for consent.
The frightening thought is that data is being used to
profile us not just to predict our current behaviour, but
also our future selves and have technology make
decisions for us. Consider a situation where data
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companies and insurers forecast consumers health risks
and increase healthcare premiums, or our likeliness to
develop mental health issues, thus unjustly putting our
future job applications into the “reject” pile. (Christl et
al, 2017)
We mostly think of bad design to be a result of laziness,
indifference, or rookie mistakes. However, there is also
another kind of practice. A worse kind, which is
deliberate. This one is created with a great attention to
detail and an immense knowledge of human psychology.
Just as a magician subtly manipulates you into making
the choice that he wants you to make. (Olson et al, 2015)
Designers also have similar practices called Dark
Patterns, a term first coined by UX designer Harry
Brignull. (Brignull, 2019)

DECEPTION BY CHOICE
Design is an impactful act. Designers stand at a position
of substantial power. A position built on a pedestal of
knowledge and insight into ‘People’. We use these
abilities repeatedly to influence people into making
decisions that they perceive to be their own. What’s most
astonishing is that people are unaware of this influence.
The ‘Pick A Card’ trick usually works when the
magician has the audience thinking that they have a free
choice. Although in reality, he is only increasing the
probability of you choosing a card by showing it to you a
microsecond longer than the others or using other mind
tricks without your awareness. This is why we succumb
to it every time. Ex-Google Design Ethicist and
Magician Tristan Harris writes “Once you know how to
push people’s buttons, you can play them like a piano.”
(Harris, 2016) He goes on to further explain that we
optimistically focus on all the things that technology
does for us, while we forget to ask what it doesn’t do.
Why we are being given only these options when in
reality there could be plenty more better ones to chose
from. (Harris, 2016)
Alternate applications are already starting to capitalise
on people’s suspicions and irritations about transparency
and data privacy concerns. After the backlash that
Instagram faced for the swap of its chronological feed in
favour of an algorithm-driven one, Vero swooped in
with a promise of a platform free of ads, data-mining and
unfathomable algorithms. (Johnston, 2019) Signal has
been offering end-to-end encryption for years with
privacy as their USP. Understanding the rules and
regulations is part of playing a fair game. So how is it
good practice to make the rules so complicated that our
efforts to decipher them are just futile?

UNETHICAL BY CHOICE
Many design decisions are a battle of competing interests
- corporations are choosing more and more deviant
techniques in order to drive out their competition and
expand their customer base. Albeit designers may not
necessarily want to keep creating such devices, picking

that one individual to hold accountable seems
impossible. On the one hand are our peers, with whom
we jointly made these decisions. On the other hand are
our employers who write our paychecks. Offending
either party probably isn’t the right way to go. In most
cases the corporation wins, and the grey-area decisions
are passed off as strategies that are “good for business”.
This constant circle of conversational disruptions are, to
say the least, counterproductive to our ambitions. How is
it in our interest to be continuously distracted from our
actual task at hand? When you put together a group of
experts whose job is to solve people’s problems,
implementing such features betrays their original
purpose as a collective. All these individual instances
sound like something out of a science fiction movie but
in its entirety it paints a horrifying picture. These are not
disconnected issues. They are a manifestation of a larger
social problem that only few are prepared to
acknowledge. This consumerist way of life has affected
what we judge as moral and shifted the benchmark of
what we consider ethical to a lower standard.
Promoting a culture of mutual respect within social
circles is part of being a reputable member of society.
However smartphones, tablets, laptops or any digital
devices are allowed to ignore social etiquette without
being held accountable. It is completely reasonable for
your gadgets to continue to stay in a state of overconnectedness, even during an emergency. Max Van
Kleek et al (2018) have proposed in their paper
"Respectful Things: Adding Social Intelligence to
‘Smart’ Devices” a way to design devices to be able to
recognise social cues and adapt their behaviours
appropriately to situations. (Kleek et al, 2018) The
question is whether people do not recognise this
inappropriate conduct anymore or do we just believe that
the rules are different for our gadgets?

ETHICAL BY DESIGN
There are multiple ways to intrude someone’s privacy.
Ironically, the companies that founded these bad
practices also sparked a change in how we perceived this
intrusion. We are already starting to see companies
inculcate a sense of empathy within their corporate
structures, to inspire a culture of privacy-driven
innovation. There are organisations being established to
support and spread awareness about this very cause.
(Zaken, 2015)(Bullen et al., 2019)(Thorne, 2016)
“Knowledge is the most democratic source of power.
Which makes it a continuing threat to the powerful, even
as they use it to enhance their own power. It also
explains why every power-holder—from the patriarch of
a family to the president of a company or the Prime
Minister of a nation—wants to control the quantity,
quality, and distribution of knowledge within his or her
domain.” (Alvin, 1990) This profoundly wise statement
from Alvin Toffler’s book ‘Power Shift’ summarises the
motives of almost every individual, community,
organisation or country’s struggle for relevance in a
democracy today.
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The design process is a non-linear, iterative process
where data collection continues to take place even during
the implementation phase of the resulting design
product. The research conducted thus far has
demonstrated that User Experience Design is always
about the user. There is an abundance of data available
to back up the hypothesis of this paper that smart
interfaces are intruding into our lives, altering the quality
of our interpersonal relationships and diminishing our
true potential with repeated interruption. There is a
necessity to distribute knowledge on this topic with the
aim of reaching the largest number of people possible.
To make every designer, non-designer and non-expert
reflect on the consequences of his/her actions.
There are multiple “Ethical Guidelines” available so far
on the Internet. Many have already made it their mission
to practice as well as preach ethical design strategies.
However, most of these available works (IOT Design
Manifesto, Riot, Open IoT, Ethical Design Manifesto)
are written with the Designer in focus. They aim at
propagating better design practices for social justice, but
fail to address how we as the consumers can mitigate the
effects of these patterns. The guidelines that I propose to
establish are a course of action for consumers of
technology, by which to streamline processes through
sound practice. It informs him/her what the bare
minimum is, that they must expect from an interface.
By definition, guidelines are not binding or enforced,
rather recommendations on best practices based on
empirical evidence. They lead the way to adopt
principles like intuitiveness, efficiency, equity,
forgiveness and learnability. I aim to work with the User
to outline their suppositions from the technology that
they will eventually use. In parallel, I seek to verify my
findings with established proofing methods that
Designers exercise, to reach a common ground where
both parties benefit from this exchange of ideas Guidelines that are the outcome and the process.
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BEHAVIOURAL DESIGN AND ETHIC
IN USER INTERFACES
ANJA LINDNER

the way of the really powerful value of security. These
topics are very important and permanently up-to-date,
because hardly anything has changed in the risk
behavior of humans over time. Freedom of action is
more and more clearly discussed in the course of human
history as well as it must be in the future with regard to
technological innovations.
ANALYSIS AND RESEARCH

MUTHESIUS KUNSTHOCHSCHULE KIEL //
OTH REGENSBURG

However, problems are always solved best when not
focussing on their consequences by installing ground
lights around the world, but rather by responding to
their origins.

LINDNERANJA92@GMAIL.COM

music on the go what is again and again recognized in
studies like for example the traffic study of the german
insurance Allianz Versicherungs AG.
THE USER
That is why, for the user of my product in three different
versions, I want to address boys aged 14 to 20 from the
middle to upper middle class, such as the hedonistic,
expeditive, or performer milieu. Sometimes it is very
important for the buyer what he wears and he would like
to own special things. In terms of price, he also likes to
spend more money on items that are currently very
important in his environment and therefore he is saving
money on other things or experiences.
THE SHAPING
The design theme of the headphones is the galaxy with
it´s round forms and lights. During their growing up
young people and teenagers, to whom this work is
addressed to, often wish to fly to unknown universes
and find themselves outbursting to the unknown
distance, they tend to rebellion and want to have
unforeseen forces.

INTRUDUCTION

ABSTRACT
Listening to music with headphones on the road
leads to carelessness and limited perception what
leads to dangerous situations and serious accidents.
When I was living in Darmstadt in 2017, a sixteen
year old girl wearing headphones was run over by
a train there despite the warning signal of the
driver. My bachelor thesis "Music an, Welt aus"

More and more young people are using mobile smart
devices on the go and encapsulating themselves on their
way to and from work or school into their own musical
world, where they can experience a kind of break. Prof.
Dr. Günther Rötter, musicologist at the technical
university in Dortmund already dealt with influences of
music in traffic in 1985. In his studies he experienced,
that people can react much slower to other road users or
not at all to warning signals (Rötter 1985). He named
the “auditory bubble effect”to explain the limited
perception because of the bubble of music which sticks
on the ears. As with the harmfulness of smoking, it is
clear to almost everyone what the lack of perception of
music in traffic can do. And nevertheless, so many
people decide to wear headphones on the go.

(music on, world off) deals with the problem of
using headphones in urban spaces. In the
theoretical as well as practical work, I offer a
solution with a new product. This topic brings me
to the assessment how much influence products
and interfaces have on people's lives and actions.
Designers must take responsibility in shaping the
sensible user experience when it is up to decisions
made with a product. Thus, it follows the claim
that in addition to appropriate methods and
processes for ethical design also targeted theories
must be introduced. Those should allow users to
understand design as everyday tool and then act
more reflective and suitable to their personality
while dealing with products and interfaces.
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There have been a number of possible solutions to this
topic so far. These include, for example, ground lights,
zigzag paintings on street crossings, or fines for cyclists
with headphones. But those solutions are not suitable as
"general solutions". They do not fight the general
concrete problem but only the consequences. Such
solutions are very expensive,take time to be
implemented and are only feasible in very big cities.
In the bachelor thesis, I also discuss why, in addition to
the high standards of sound quality, people's willingness
to take risks and freedom of action in general stand in
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Figure 1: Overlapping of railroad crossing, main road, bike path and
pedestrian walkway at the station in Regensburg Prüfening

I began with the analysis of concrete accident scenarios
in my work. In addition to the choice of earphones that
seal the ears particularly well, I also found that the
traffic structure of the city and the behavior of certain
groups of people are important reasons for the
occurrence of headphone accidents.
In my research it turned out that for high sound quality
and rich bass people love to sacrifice safety and
headphones are used on the way to and from
somewhere, while playing sports, or for time bridging in
most cases. Nowadays, we can not bear to wait, because
everything has to go so fast. We are stressed and always
in a hurry, we can not endure ourselves. We
permanently have to distract ourselves and make us
inattentive with mobile devices and music in our ears.
In addition, the city as the context of the problem will
be seen more and more as smart city. With this
transformation even the problems with regard to its
mobile systems will change. Architecture and street
systems like traffic lights will be connected. But until
this has fully occurred, we should actually be more
attentive on the street because electric cars are already
so quiet that they are noticeably harder to hear even
without headphones.
Although there are no more wild animals for humans to
defeat in everyday life, the subject of risk for humans
will never become extinct. The risk brings life to life,
promises profit and wealth, and is evolutionarily more
pronounced in men than in women. In Western
countries it is still pronounced at a young age, with
increasing age the desire for security increases. That
justifies why notably the youth is listening to very loud
2

Figure 2: Drawn transformation of a multi-sensored Alien to a young
“Super Human” with a sensory capable artefact

So by using storytelling as a method I want to make it
understandable that the superhuman sensory abilities of
a "superheroic alien being" continue to exist in an
artifact - the headphones- specifically designed for this
purpose after being transformed into a common mortal.
The sensor technology is therefore integrated in the
"feelers" in the rear-facing of the headphones.
THE DESIGNER

Figure 3: Action, influence and responsibility

In my position as designer I see it as my task to take a
concrete stand on the problem and to communicate my
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own attitude regarding the responsibility towards the
actions of the users. So, I would not like to forbid
possible actions to the user in any case as a guardian in
dangerous situations, or transfer this power to technical
means. Technical innovation should rather be used as a
support to propose responsible behavior and action.

Accidents often happen because music listeners are
inattentively crossing tracks and can not hear the
warning signals of approaching trains.

THE PRODUCT
That's why I've created a warning system that consists
of bow headphones and a belonging app for
smartwatches. The headphones do not completely close
off the ears and in hazardous situations they also attract
the attention of other road users because of activated
lights and the form itself.
The user, deepened in his music should be warned by
means of built-radar sensor on the entry of other road
users in his blind spot. The watch rouses the user from
the acoustic isolation by vibration and visual display of
the app on the wrist. The user has to decide about
continuous music enjoyment afterwards.

Figure 6: GPS can warn users when they enter risky locations such as
train areas.

for social information. (Kapitzki, 1997). Visual design
should rather inform and not stimulate what may be
meant, such as a hypnosis that works especially in
advertising. And with its connection to the economy,
this connection acquires its own dynamic. So Design is
full of partial responsibility as a functional subsystem of
industrial production (Jonas,1994) and creation of
digital stages). I found some relevant values for the
headphones. These include not only outstanding sound
quality and functionality, namely the value that the user
would first of all call consciously important, as well as
the "showcase" esthetics that appeals to the young user.
This value, together with the freedom of choice for the
individual, opposes the value of security in a tense
relationship. As a designer, it is important to be able to
constantly re-examine, recognize, evaluate and satisfy
those values that are static and most notably those
changing in a society in design processes. I've told my
users in my work with the product through the app's
offered interactions, "My dear friend, action A would be
safest now, but you can decide for yourself which of
your values means the most to you right now.” This
communication is designed without stress for making
decitions in the warning system.
DATA AND METHODS

Figure 7: Another road user enters the blind spot of the user;
headphones, watch and user react
Figure 4: I have designed, constructed and finally 3D-printed the
items for the model

FREEDOM OF CHOICE
The task of the designer in the development of a product
is to offer preferably all sorts of user scenarios and then
a range of corresponding usage options in order to offer
the users the opportunity to decide for themselves.
Forward-looking, responsible design should encourage
morally justifiable action, as well as make those
involved understand responsibility as a virtue and
question one's own behavior. Furthermore, it should
change virtues and characters for the better in the longer
term (Van den Hoven,2015). Because of the sense of
freedom of choice and power the user can be motivated
to change behaviors.The requirement for moral action is
ultimately the freedom and responsibility of the
individual in his or her own situation (Jonas,1994). An
example for decision making and invalidating design is
the streaming service Netflix. It does not ask if you
want to see another clip but it simply starts another
episode to at list push the value of the company because
of proven longterm usage.
In contrast, users are lazy and probably will not change
their basic preferences. They want to feel safe and avoid
something they do not understand. The designer can
build on this and suggest what it is best for the user to
then provide positive or even general feedback.

Figure 5: The app "6Senses" warns optically as haptically and
remembers risky situations
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The design of everyday things must be appropriate, as
well as the visual messages for the wide-ranging need

SIDeR‘19 - Student Interaction Design Research Conference , Muthesius University of Fine Arts and Design, Kiel, Germany

28

After Dr.Alexander Peetz, risk manager at Siemens
Healthineers in Erlangen instructed me in creating a
fault tree analysis as a tool from the risk management, I
was able to concretely find out which dangerous
situations I have to react to when using headphones in
road traffic most likely. I observed all the kinds of
accidents that can happen and sistematically went
backwards to the main reasons that must have caused
that special accident. Next to the kind of the headphones
(over-ear, or in-ear) is confusing street structure, the
kind and the volume of music, general lack of
concentration, the speed of the user, precipitance,- and
the other one, not beeing able to count on the
carelessness of the user a hazardous trigger. In addition,
I conducted qualitative and quantitative surveys for
analysis and research to gain insight into user behavior
with headphones and general risk behavior. Using
graphic as well as illustrative means I have told the
content of my work and have gone from reflected
theoretical content over prototyping of interface, cad
and model making to practical product design.
RESULTS
The extensive research in the work on problematic,
context and persona as well as construction and
presentation have finally led to an interesting and
attention-grabbing product for dynamic people. The
product proves how strongly and intensively smart
products accompany us in our lives and how much
power and powerlessness this "togetherness" has to do
with us. Ethics as a reasonable category of reflection
requires a problem-specific application. Not every

4

person is able to handle freedom rationally and make
decisions for himself. Consumers often take what they
have been told and even enjoy a guardian. Not everyone
has to be able to program. But at least everyone should
have an idea what can be possible with it. More
participatory design methods should be used to design
digital surfaces. A little more "from the user to the user"
creates significantly more confidence and trust is often
the key to fulfilling relationships and, ultimately, a
willingness to make positive behavioral changes. The
ability to reflect and act better should in Löbachs and
my opinion be trained in schools (Löbach 2001). This
ability is something that is already taught at the
beginning of the term "ethics" in Germany. But the
lesson addresses only a small portion of nondenominational, or non-Christian students. Ethics has to
be seen separated from religion. The subject "Ethics and
Design", introduced for every student would be an
advance for humanity and every user and would create
understanding and awareness for any future interaction.
As a result, much more rational, reflective, social and
environmentally friendly action would be possible in
many cases. In reality nobody is a super human, but it's
important to strive for it consistently and in a consistent
language that is shared by companies, designers and
users alike.
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EXPLORING THE POTENTIAL FOR
UNIVERSAL AND ASSISTIVE DESIGN
IN ADAPTIVE ARCHITECTURE

shaping the behavior of built environment in adaptive
architecture. Though, external environment and objects
within the built environment are also important
elements according to Holger’s definition, this paper
focuses on the aspect of inhabitants, and their role in
affecting and being affected by this dynamic behavior.

NEETA KHANUJA
BAUHAUS UNIVERSITY,WEIMAR & UNIVERSITY AT BUFFALO, NEW YORK
NEETAKHANUJA@GMAIL.COM

ABSTRACT
This paper draws a parallel between the fields of
adaptive architecture and universal design in the
built environment from a point of view of an
interaction designer. Dwelling on the
understanding of universal design and adaptive

framework of adaptive architecture constitutes of two
parts. Sensing that enables the built environment to
understand, sense and learn from the occupant and
actuators or controllers that shape the behavior of build
environment learning from occupant’s behavior.
As Lehman, founder of Sensing Architecture Academy,
presents the concept of adaptive architecture, she
positions it at a layer above interactive architecture.
According to Lehman, the build environment respond to

architecture the paper presents an observation
exploring how both the fields follow an occupantcentric approach in order to design environments
that cater to or adjust to diverse occupant needs.
An inquiry to the challenges and possibilities for
universal design in explorations of adaptive
architecture is attempted, referring to ways in
which architecture adjusts and by referring case
studies in the context of public space and home
environment. Considering the cybernetic approach
in adaptive built environments, a study of Pask’s
design paradigm and exploration for the scope for
universal design in the process of constructing
adaptive architecture has been made in the final
section.
ADAPTIVE ARCHITECTURE

Adaptive architecture can be defined as the architecture
that dynamically adjusts to the needs, goals, and
aspirations of the occupants while taking in account
stimulus from the external environment. The conceptual

Figure 1 Lehman's definition of AA

occupant’s behavior as they begin their experiential
journey in a build environment, making architecture
interactive leading to a real-time engagement between
them and their environment. And then the environment
responds again based on the occupant’s next
reaction/behavior but this time it adjusts its response
based on occupant reaction/behavior to fit their needs
making architecture adaptive. (Lehman, 2016) Figure 1.
While Holger, holds an opinion that all architecture is
adaptive in some way, manually or by automation and
refers to adaptive architecture as an exploration that is
concerned with designing built environments that are
specifically constructed to adapt to their inhabitants,
objects within them and external environment, whether
it involves automation or human intervention, while
sensors, actuators, controllers, and communication
technologies being some out of many tools that can be
used for implementation. (Schnädelbach, 2010)
Considering these explanations, one can confidently
picture the importance of occupants or inhabitants in
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This occupant centric and dynamic attribute of
architecture poses its own challenges but among these
challenges, it also proposes immense possibilities by
presenting architecture as a non-static and fluid concept
that is not defined or constrained in its own structure
and typologies. One important exploration that this
quality of adaptation opens a door to, is of an inclusive
or universal design in the built environment. The term
"universal design" was coined by the architect Ronald
Mace. Universal design is described as the concept of
designing all products and the built environment to be
aesthetic and usable to the greatest extent possible by
everyone, regardless of their age, ability, or status in
life. (Mace, 2008) This leads us to ask ourselves, who
are the occupants eligible for this adaptable design?
Does this dynamic behavior of built environment that
adjusts to occupant needs hold a potential to fulfill the
needs and goals of occupants with diverse abilities? Can
it shape itself to accommodate and celebrate diversity?

PARALLELS BETWEEN ADAPTTIVE
ARCHITECTURE AND GOALS OF
UNIVERSAL DESIGN

Adaptive architecture can be seen as a system where
occupant behavior acts as feedback that is used by the
built environment to learn about occupant needs and
expectations, creating a dialogue between the inhabitant
and the environment, each learning from and responding
to other’s behavior. Mapping key goals of Universal
design to ways of adaptability in architecture may
present an insight about their intersection. As Lehman
explains, there are four major ways that adaptive
architecture can adjust, namely through kinetics,
materials, technology, and information.
KINETICS

Architecture in this way can adjust physically as its
elements can move through space to interact with its
surroundings to respond to occupant need. Lehman
compares this physical adjustment of the architecture as
similar to the elements of nature. (Lehman, 2016). It is
evident from this explanation of kinetics that it involves
physical movement and modification of the elements.
How would an occupant drive this physical adjustment
and using kinetics what could be some possible
variables in context to occupant needs that architecture
can adapt to? Sensors such as proximity sensors,
pressure sensors or camera for occupant movement and
presence detection could make a few of many possible
inputs whereas actuators, in this case, could be motors
or origami based architectural forms can modify itself
based on the requirements. Identified goals of universal
design that could be fulfilled in this possible fluidity of
2

forms and adjustable structures are ‘body fit’, meaning
an accommodation for a wide range of body sizes and
abilities and ‘comfort’, meaning keeping demands
within desirable limits of body function. (Steinfeld and
Maisel, 2012). Can architecture that adjusts its form and
structure, deconstruct the physical barriers in a built
environment?
MATERIALS

Another way adaptive architecture can adjust to
occupant’s needs is through its materials. An integration
of smart materials, which are able to react and respond
and shape the way architecture behaves with its
changing materiality is how architecture can respond to
occupant’s behavior. (Lehman, 2016). Eric Howeler in
the GSD conference of Adaptive architecture and smart
materials talks about an emergence of smart materials
that have properties that allow them to transform in
appearance or performance, creating variable optics,
dynamic or kinetic systems, capable of responding to
social or environmental conditions transforming
architecture from a static condition into a dynamic or
animate state. (Howeler, Spring 2017). What could
these dynamic states mean to the occupants? What
needs could these property-changing smart materials
that can respond to light, temperature, mechanical or
electronic inputs, serve for the occupants? Can these
explorations result in the design of spaces that can cater
to individual preferences and meet the goal for
personalization? (Steinfeld and Maisel, 2012) For
instance, could a built environment modify its
materiality to adjust to the sensory needs of a person
with autism?
TECHNOLOGY

Architecture can also adjust by technological changes.
Systems that can control and adjust air quality, lighting,
acoustics are some of the ways technology within a built
environment can lead to designing an architecture that
can adjust its environmental stimuli to suit the needs of
the occupants. (Lehman, 2016). This explanation by
Lehman, about technological intervention in a built
environment for inducing adaptability, creates a
visualization of technology acting as a layer above the
static nature of the built environment to make it
interactive or reactive to responses. Today, this
augmentation of technology can be observed to be the
most feasible of all the mentioned ways that may
contribute to making architecture dynamic and adaptive.
Though feasible to construct, how does one understand
the usability of such systems for the occupants? Would
these systems involve a learning curve? Who acts as a
controlling element in these systems? How do they
affect an occupant’s cognition? ‘Understanding’, is a
goal of universal design which is defined as making
methods of operation and use intuitive, clear and
unambiguous (Steinfeld and Maisel, 2012). How well
can these technological interventions fulfill this goal
and complement to occupant’s behavior?
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INFORMATION

Fourth way is through information. “Information that is
conveyed through an adaptive architecture can do
things like help to educate occupants and share latest
events going on within the building”. (Lehman, 2016).
Multiple interfaces could function in synergy to
construct a system within a built environment to enable
this sharing of information. An exploration into how
these designed scenarios could function in accordance
to the needs of for the occupant may affect the goal of
‘awareness’, which is defined as ensuring that critical
information for use is easily perceived. (Steinfeld and
Maisel, 2012).
Observing individually the ways adaptability can be
achieved sheds light on the overlapping intentions of
universal design and adaptive architecture. But it is also
a derivation to the importance of a process that is
sensitive and extensive in terms of understanding goals,
needs and behavior of the occupants, the scale of the
built environment and the external environment.

EXPLORATIONS IN ADAPTIVE
ARCHITECTURE

In public space and personal space or home
environment projects like moving beams and home
automation for autism, may facilitate an understanding
of the flow of interaction and role of context, scale,
control variables and functions in adaptive architecture.
MOVING BEAMS

Moving beams is a project by a Ph.D. student Cameline
Bolbroe and Associate Professor at the IT University of
Copenhagen Kjell Yngve Petersen. This project is
aimed to explore the dialogue between the human and
architecture and how humans react when the
architecture can shape itself according to their needs and
preferences. ‘The responsive prototype respond to the
motion in their vicinity via ultrasound sensors. When
participants trigger the sensors, the beams move around
via embedded motors. The beams have varying motion
patterns so that three of them move around a pivot point
at one end, whereas the other two move transitionally’
describes Cameline Bolbroe. (Bolbroe, 2016).

Moving Based on Lehman’s ways of adaptation, it
would be true to consider moving beams as a project
that explores kinetics to adjust to participants or in this
scenario a performer’s preferences. This choreography
of elements where humans and architectural elements
hold a similar form of control and participation induces
a form of life to the elements. Can a living architecture
in this form offer affordances for un-speculated
scenarios? Can this transformation from a static predefined form to a dynamic and fluid approach dissolve
physical barriers in the built environment? And what
could be the possible challenges in exploring such an
idea?

ADAPTIVE ARCHITECTURE AS A
CYBERNETIC SYSTEM

Adaptive architecture can be viewed on as a cybernetic
system where the occupant and the built environment
learn and adjust via feedback loops. This cybernetic
approach to adaptive environments makes it eligible for
the use of cybernetic design paradigm as defined by
Gordon Pask to get an insight at process of designing
adaptive architecture. This section of the paper explores
the Pask’s design paradigm and is an attempt to inquire
its scope for universal design.
SPECIFICATION OF PURPOSE AND GOAL OF THE
SYSTEM

AUTOMATION FOR AUTISM

Automation for autism is a design of a home
environment to suit the needs and counter some
challenges of autism by integrating a layer of
technology. ‘A home automation system from Control4
can give us the solutions and assurances we need.’ says
Wiley, an author, interior designer, and mother to
Devin, who was diagnosed with autism when he was
three. Challenges in autism spectrum range from being
overly sensitive to sensory stimuli to not being able to
comprehend difficult scenarios like the smoke alarm or
security issues. It also involves a difficulty in interacting
with routine devices for instance microwave, stove,
door locks. (Paron-Wildes, September 29, 2015).A
home automation system where the personal space
shapes itself according to the occupant’s behavior can
contribute largely to the function of independent living
for a person with autism.
The scale is not probably a challenge in this exploration
as it functions in the context of home or a personal
space and is designed with specific occupant needs
where the system is controlled by a fixed set of rules
that ensure occupant safety. But it calls for an inquiry
into who is the controlling entity? Is it a relationship
that constitutes a dialogue between the occupant and the
environment or is it a command based interaction that is
built on a framework of pre-defined rules? Is this
adaptability fluid in nature? How can one design a
collaboration model for such a system that is a balance
between choice and control, a balance between freedom
and safety? And how does it deal with error-handling?
Two crucial aspects in a concept like moving beams,
would be context and scale. How would a system
behave if the variables of scale are modified? In the
context of public space do these elements hold a
possibility of being embedded into a built environment
that is subject to interaction with a multiple of an
audience that it is designed to cater to? And what would
it result in, if these interactions happened
simultaneously?
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Lehman describes a way of achieving personalization in
goals by Responsive gradations, with which she
presents the concept of viewing architecture as a vessel
housing the activities where architecture moves from a
modular approach into something fluid and transient,
harmonizing and providing different choices and tools
without a presumption that all occupants achieve same
goals in the same way. (Lehman, 2016). Though
Lehman shares Pask’s idea of viewing architecture as a
vessel or framework for activities, her focus is on
designing affordances by providing choices and tools.
An understanding that all occupants won’t achieve same
goals in the same way and a view on architecture being
transient opens a possibility to cater to diverse needs
contributing to the idea of universal design.
CHOICE OF ENVIRONMENTAL MATERIALS

As discussed above, one of the ways of achieving
adaptability is by exploring materiality and how it can
shape the behavior of architecture. From a perspective
of universal design, exploring material iterations can
offer immense possibilities in dissolving physical
barriers by achieving attributes of constructing fluid and
dynamic, over static architecture.
SELECTION OF PROGRAMMABLE INVARIANTS

Figure 2. Moving Beams by C. Bolbroe & K. Peterson
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“It should be emphasized that the goal may be and
nearly always will be underspecified” (Pask, 1969,
pp.496). With underspecified goals, the built
environment can be visualized less of a static structure
and more as a framework that changes its configuration
based on the feedback it receives. As Pask suggests
further that “the aim of an architect would be to provide
a set of constraints that allow for certain presumably
desirable modes of evolution. ” (Pask, 1969, pp.496).
This brings a shift in focus from the idea of defining
functions of accommodations and affordances to the
idea of defining constraints. This seems liberating from
the point of view of universal design as it offers an
opportunity to explore architecture as an open system
for diverse needs and goals and by limiting constraints
that may lead to barriers.

“Architect determines what properties will be relevant
in the man-environment dialogue.” (Pask, 1969, pp.496)
This phase offers an opportunity to question the effect
3

4

of the feedback loop on the occupant and the built
environment and the reasons to motivate the function of
adaptability. Identification of how the occupant is
effected and expected to behave to construct a feedback
in a prescribed manner, pre-defined or open-ended,
leading the built environment to a preferred behavior
becomes important to ensure its accommodation for
diverse occupant needs.
SPECIFYING THE LEARNING FACTOR AND
ADAPTABILITY OF AN ENVIRONMENT

A dynamic and responsive property, though unleashes
immense possibilities in ways of behavior, it is crucial
to draw a threshold or a boundary of play for these
interactions to take place. Defining a scope in this
context would not only offer technical and practical
feasibility of implementation but would also induce a
structure of assessment for the dialogue that is intended
between the occupant and the environment. What does
the environment adapt to? Is it occupant movement,
presence, gestures, the interaction pattern, external
environmental stimuli, number of occupants, temporal
settings or something else? An understanding of
occupant needs and preferences before selecting these
variables is a crucial step to avoid and dissolve barriers.
CHOICE OF DESIGN PROCESS

Based on the fundamental idea of design process being
iterative in nature and exclusive to the defined intention,
designing adaptive architecture would be no exception
in accepting this model of crafting a design process.

CONCLUSION

Can adaptive architecture be assistive? The paper
explores overlapping intentions between adaptive built
environments and universal design. Referring to ways of
adaptation, case studies and cybernetic design paradigm,
it attempts to trigger a conversation about the potential
of exploring adaptive architecture to contribute to
universal design and vice-versa. Also, it briefly touches
on the possible opportunities in building environments
that can serve the needs of occupant with diverse age
and abilities, by inducing universal design thinking in
the process of designing adaptive architecture.
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PROBING

Can we probe a different way to view familiar
problems? The projects in this slot turn a wellknown situation into a new one by altering the
context or the experience.

— Anne Ellegaard, Christensen, Malene Haugaard, Magnussen and Tobias Stolley
Seindal
(33) Gaia‘s Garden: An Eco-Feedback Technology for Reflection on Waste Practices
— Siye Zhu
(45) How to understand „death“ as a design-able interaction?
— Anders Amstrup, Pajbjerg, Amalie Sofie Andersen and Jannie Andersen
(13) Weigh.IT: A Study on Reflection of Residual Waste
— Sarah Kathrin Glassner
(11) Leading change while managing resistance
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ABSTRACT

concept is to make users reflect upon their waste

out. Gaia’s Garden is an eco-feedback technology
aiming to encourage reflection of one’s waste practices
and ultimately minimise their waste production. We
have throughout this project worked in collaboration
with Aalborg municipality who provided the case:
municipal waste management.

practices, by visualising the environmental impact

RELATED WORK

This paper presents the terrarium Gaia’s Garden,
an eco-feedback technology. The purpose of the

of waste. A prototype has been constructed

Aalborg municipality. The session provided

The main aspects used in the design of Gaia's Garden
are eco-feedback technology and ambiguity, as ecofeedback technology help bring awareness to people’s
behaviour and its affect on the environment (Froelich
et.al, 2010), and ambiguity helps provoke reflection
among users (Gaver et.al, 2003). Related research will
be presented in the following sections.

feedback and initiated a discussion of the concept.

ECO-FEEDBACK TECHNOLOGY

enabling to simulate the consequences within the
terrarium. The prototype was demonstrated at a
critique session for 13 domain experts from

INTRODUCTION
Waste has become an increasingly bigger problem
(Comissão Europeia, 2010). EU’s waste management
policies aim to reduce the environmental and health
impacts if waste. A part of the EU’s policies is the waste
hierarchy, which is prioritised after best practices for
minimising the environmental impact of waste. The
highest priority is prevention because this has the
smallest impact, as what is not produced will not require
any resources. As a consumer, this entails minimising
unnecessary waste by e.g. avoiding packaging, using
leftovers, and avoiding disposable products. Prevention
is followed by reuse, recycling, energy recovery, and
lastly landfilling.
The behaviour of minimising waste is influenced by the
three factors: (a) bringing awareness to the waste
problem, (b) evoking a feeling of waste being a threat to
one’s well- being, and (c) a feeling of guilt if not
participating in waste minimisation (Barr et.al, 2007).
As we wish to make the Danes aware of the need to
minimise waste, and with the knowledge of how to
influence waste minimising behaviour, the following
research question was posed: How can we encourage
people to reflect on their waste practices, in order to
increase their willingness to minimise waste?
In this paper, we present Gaia’s Garden, a terrarium
connected to kitchen waste bin(s) providing feedback
based on the amount of household waste being thrown

Eco-feedback technology can through visualisation
affect user behaviour (Froelich et.al, 2012, Zapico et.al,
2016). Elements such as comparison can create a
motivational factor through competition (Froelich et.al,
2012), however, if the data became too detailed about
the residents, it was found too invasive. The awareness
about users’ actual behaviour also has an effect, as it
allows people to align with their perceived behaviour
(Zapico et.al, 2016).
AMBIGUITY

Ambiguity can be used in systems by impelling users to
reflect upon and interpret different situations, thus
resulting in deeper and more personal relations with the
system (Gaver et.al, 2003). The Home Health Monitor
uses sensors within the home to build a horoscope. The
horoscope is given to the residents and can be used by
the residents to reflect upon the state of their home.
Ambiguity can also be used to evoke an emotion or
mood (Strong & Gaver, 1996). Feather is a system
consisting of a picture frame and a feather. When one
partner interacts with the picture frame the feather wafts
into the air, evoking a loving emotion and mood for the
partner at home.
ECO-FEEDBACK TECHNOLOGY AND AMBIGUITY

Coralog is a study concept including both concepts
(Kim et.al, 2009). The health of coral reefs is based on
the energy consumption of a computer when it is idle.
The study showed the coral reefs could evoke a feeling
of guilt and responsibility for the reefs, resulting in
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behavioural change. It was also highlighted that the
changes had to be shown immediately. The Poweraware cord also includes both concepts (Gustafsson &
Gyllenswärd, 2005), as the cord uses light to represent
the energy flow. Through initial testing it was found
intuitive and made the participants aware of energy.

GAIA’S GARDEN
Gaia’s Garden is a terrarium with the purpose of making
people reflect on their current waste practices, based on
the condition in the terrarium (see Figure 1), in hopes of
minimising the amount of waste being thrown out.

terrarium healthy. Additionally, it has been proven
humans show true empathy to living creatures
(Fernando et.al, 2009). Exposing a living creature to a
polluted and unhealthy environment may evoke a sense
of guilt and empathy. Therefore, it could motivate the
user to stop the pollution from happening, by
minimising their waste.
PROGRESSION

The progression for the current week can be seen in the
given value and the state of the terrarium which can be
separated into three stages: a clean healthy, a waste
polluted, and a waste plus air polluted environment.
These stages help give the value context, and the user
can determine how well or poorly they are doing. The
user can compare the value of the current week with the
best and worst scores to determine a long-term progress.
If the score is better they will know they have improved
and vice versa.
AFFECTING THE WILLINGNESS TO MINIMISE WASTE

!
Figure 1: A front view of the terrarium with trash bags on the ground.

Gaia’s Garden is designed for use in the kitchen with the
terrarium placed on the countertops and a scale in the
kitchen bin(s). The terrarium provides feedback based
on the weight of waste being thrown out in the kitchen
bin(s). The terrarium consists of a miniature trash can
with trash bags, edible herbs, and two LCD displays
attached on the base of the terrarium. Feedback is
provided on the displays and through the trash can.
When someone throws out waste, the weight is
converted into a value, providing immediate feedback
on the display to the user, as it helps the process of
behavioural change (Kim et.al, 2009). The right display
presents the user’s all-time best and worst score.
The miniature trash can provides feedback based on two
limits being exceeded. Exceeding the first limit pushes
trash bags out of the trash can symbolising waste
pollution. Exceeding the second limit smoke emits from
the trash can symbolising air pollution. All feedback is
reset at the end of the week. If the current score is a new
best or worst, it will replace the respective score.
SYMBOLISM

The interior of the terrarium is designed to replicate
nature, representing the actual environment the user is
polluting. An essential part of the terrarium is the trash
can, painted in a red colour to ensure noticeability and
focus through contrast with the surroundings.
Herbs have been placed around the trash can because
the herbs provide a functional purpose in the kitchen, as
it can be used in cooking. Secondly, it has a
motivational function, as the thought of consumption
could motivate the user to keep the environment in the

The concept contributes to the awareness of the waste
problem by its presence and purpose (Barr et.al, 2017).
Secondly, the concept evokes a feeling of waste being a
threat to one’s well-being as the smoke in the terrarium
can feel like a threat to your health if you would eat the
herbs. Thirdly, the concept can elicit a feeling of guilt if
not participating in minimising your waste. If the user
does not change their waste practices, they will continue
exposing the herbs for bad conditions (Fernando et.al,
2009). The bad conditions also act as a reminder to what
real world problems they contribute to.

CONSTRUCTION
The construction of the prototype is focused around
demonstrating the two consequences for exceeding the
limits. The overflowing bags have been attained by
attaching a stepper motor to a rack and pinion
mechanism which pushes the trash bags out of the trash
can. The trash bags are pulled back into the trash can
using a servo motor. The smoke was created with an ecigarette filled with vegetable glycerin. All the
electronics were connected to two Arduinos allowing us
to manually control the different functionalities. The
terrarium was constructed with picture frames. The
interior was created using fake grass and kitchen herbs.
The trash can was 3D printed whereas the trash bags
were made out of clay.

CRITIQUE SESSION
The session was a part of a workshop by Aalborg
municipality on waste management and resources in the
future. At the workshop, 13 domain experts were
present from different municipalities and companies in
Northern Jutland. The purpose of the workshop for us
was to get direct feedback on the concept from the
collaborative partners. The 13 participants were divided
into small groups. Five minutes were allocated per
session, including both demonstration and feedback.
The groups were introduced to the concept whereafter
we presented a scenario for a week of use. Following
the demonstration, the groups provided feedback and
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asked questions. We did not bring any questions for
them to answer, the discussion was on their premises.

FEEDBACK
After the critique session, recurring feedback was
identified. The feedback will be presented and discussed
in the following sections.
POTENTIAL USE CASES

Several groups mentioned they thought the concept
would fit well in at institutions and/or schools and could
be used as an educational tool. Using Gaia’s Garden as
an educational tool in institutions to teach children to be
wary and aware of the amount of waste they produce,
could be beneficial for establishing better waste
practices from an early age. However, the concept could
potentially always be perceived as an educational tool as
it can educate new users about their waste production
and its harmfulness to the environment. A part of the
expert’s reasoning for placing the concept in an
institution was that the children have an effect on their
parents. Furthermore, if the concept were to be
implemented in an institution it must fit the context. The
herbs provide a functional purpose in the kitchen,
however, in an institution the herbs would serve no
functional purpose, this aspect would then require a
redesign to fit the context of an institution.
COMPARE WITH OTHERS

It was mentioned how and if it would be possible to
share one’s results and compare it with others.
Comparison is a way of creating a competition, which is
a good motivator for people (Froehlich et.al, 2012). It
could, therefore, be good to include social-comparison
as well. The comparisons could be based on
demographics (students, families, age) or geographic
(apartment building, road, city). So by interacting with
the terrarium, the user could switch between data for
self- and social-comparison.
CAPTIVATING CONSEQUENCES

The participants interpreted the feedback from the trash
can as negative, and the novelty of the feedback was
very captivating. Even though the feedback had varying
interpretations, the ambiguous aspect was still effective
as the negativity of the feedback was understood (Gaver
et.al, 2003). On the other hand, all the participants were
already aware of the waste problem prior to the concept
presentation. However, the participants did not connect
the feedback and real world consequences of waste
which could indicate that their expert knowledge is not
needed to understand the negative meaning behind the
feedback. The concept is not designed with a specific
user in mind, just the context of use in a kitchen.
Therefore, potential users could range from young to
seniors. It is questionable if children intuitively would
interpret the feedback as negative as they do not have
the same knowledge and experience as older people.
Though this could quickly be explained by a parent, as
no technical understanding of e.g. graphs or statistics is
needed. It is possible that different generations will
reflect and interpret differently, yet with experience,

waste, and general knowledge about the environment, a
negative relation between the feedback and waste can be
established.
CALCULATING THE SCORES

The groups presented using recyclability and measuring
volume to better reflect the connection between waste
and the environmental impact. Some groups suggested
the users should receive minus points (making the score
better) if they recycled their waste. However, viewing
recycled waste as a good type of waste contradicts the
premise of the concept of waste prevention. Though,
you could argue that some types of waste are better than
others and, therefore, give points based on the type of
waste and its properties e.g. recyclability and
degradability.
Using volume in the equation for calculating the points
for waste could be suitable in some situations. For
example, plastic is very light but takes up a lot of space.
Taking the volume into consideration for lightweight
waste when calculating the points would then help
reflect plastic being thrown out.

DISCUSSION

This section presents discussion points, in continuation
of the feedback and the current state of the prototype.
WHAT IS GOOD AND BAD WASTE?

We have throughout this project viewed the EU’s waste
hierarchy as valid, meaning all waste needs prevention.
However, not all experts agreed upon this view. Some
mentioned that not all waste should be deemed as bad
waste, but recyclable waste should be considered as
good waste given its extended lifespan. This gave the
impression that we are allowed to produce unlimited
amounts of waste as long as it is recycled. The only bad
waste, from their perspective, is the waste for
incineration.
Though this perspective does not consider the
recyclable qualities of different types of materials. For
example, not all plastic can be recycled and recyclable
plastic even loses its durability over time whereas metal
and glass can be recycled an infinite amount of times.
However, this differentiation is not reflected in current
waste management, so currently, there is no definite
answer if either one actually is better than the other.
Surely, recyclable waste is better because of its extended
lifetime compared to waste for incineration, but should
this make it acceptable to generate unlimited amounts of
recyclable waste? Is recyclable waste good enough for
this question to be true?
HOW DO WE KNOW IF THE CONCEPT ACTUALLY
WORKS?

At this point in the project, we can with no certainty
determine whether the concept actually works. We
cannot tell if it will affect people to reflect upon their
waste practices and minimise their waste consumption,
it is purely theoretical. To determine if the concept
works an evaluation must take place. This would require
a functional prototype deployed amongst multiple users
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for an extended period of time. The deployment would
take place in its intended context, household kitchens,
providing the optimal conditions for measuring a
possible change in one's behaviour and waste practices.
The evaluation cannot be conducted in a laboratory as
we intend to measure behavioural change which takes
time and cannot happen instantaneously (Gerken &
Reiterer, 2009).
An opposing argument is that the presented related
research tells us ambiguity can encourage users to
interpret and reflect upon different situations. For
example, Gaver et al. and Kim et al. had successfully
provoked reflection and personal interpretations based
on information presented or visualised on a piece of
technology. Furthermore, eco-feedback technology can
help create awareness of one's behaviours and its
associated environmental consequences. In
continuation, both Kim et al. and Zapico et al.
conducted studies showing that creating awareness can
influence behavioural change. So, if we assume the
related research as being truthful, you could argue that
our concept does actually work and encourages
reflection of one's waste practices. However, as
mentioned, an evaluation would be required to truly
determine if the concept actually works.

CONCLUSION

In this paper, we have developed and investigated an
innovative concept, an eco-feedback technology, where
the act of the waste being thrown out triggers negative
consequences. For this purpose, a prototype of the
concept was constructed. Since Gaia’s Garden have not
been deployed with users, we cannot conclude whether
the concept answers our research question: How can we
encourage people to reflect on their waste practices, in
order to increase their willingness to minimise waste.
Current research indicate that eco-feedback technology
can help to give more self-behavioural awareness, thus
reduce the environmental impact (Froehlich et.al, 2010).
Subsequently, research indicate that ambiguity can
encourage reflection (Gaver et.al, 2003, Strong &
Gaver, 1996). Additionally, through the critique session,
the domain experts understood the meaning of the
consequences within the terrarium. So, theoretically
there are multiple indications the concept would have an
influence on users, though we cannot say this with
certainty.
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ABSTRACT
In this paper, I will explore how to understand
“death” as a design-able interaction. Firstly, I will
focus on the definition of the design-able
interaction. Then I will find out what are
interactive and design-able elements in interaction
design based on this premise. In addition, I will
collect and analyze the related elements and
people’s behavior in the light of death, through
online research and interviews. As a result, “death”
is mapped separately to interactive and design-able
elements respectively. On one hand, interactive
elements help designers understand “death” as a
complex design issue. On the other hand, designable elements enable designer to decide where
interaction design should intervene in “death”.
This article documents the process of finding
design opportunities from “Death”, the complex
and abstract social event.
INTRODUCTION
Our world is becoming a place of digitization, with the
soaring development of artificial intelligence (AI). We
live in a world where analog and digital information are
inter-weaved endlessly. That is to say, we have an
analog life as well as a digital life. In the face of
changes in life forms, whether or not “death” can be
broken down step by step and understood as a designable interaction? Is it possible for us, as interaction
designers, to design a new way to memorize life? If so,
what is the intervention point of interaction design?
My research follows the five component activities of
interaction design identified by Gillian Crampton Smith
(1996) and Philip Tabor (1996) - understanding,

abstracting, structuring, representing, and detailing
(Cooper et al., 2007). I will focus on understanding and
abstracting from these five steps, starting with the
design object of interaction and define what design-able
interaction is. Then I will divide the components of
interaction design into two types: interactive elements
(user, goal, behavior before design and scenario) and
design-able elements (designed behavior and medium).
What's more, in this paper, I will define death as a
complete series of process, from the moment when a
person knows that he or she is going to die, then being
remembered by his or her loved ones after his death,
and to finally be forgotten by the world. Through online
research and interviews, I will collect the related
elements and people’s behavior in the light of death, and
then summarize the common processes so as to organize
and map them into the interactive and design-able
elements respectively.
In a word, in this paper I will discuss how to understand
“death” from the interaction designer's point of view
and how to abstract this complex issue into a designable object.

WHAT IS DESIGNABLE INTERACTION

THE ELEMENTS OF INTERACTION DESIGN
According to the study of human behavior logic,
Professor Xin Xiangyang (2015) defines five elements
of interaction design: user, goal, scenario, behavior and
medium. He believes that a new concept of interaction
design often needs to start from the perspective of
redefining participants, locating behavioral motives,
planning behavioral processes, seeking new media, and
creating new scenarios or environments.
Correspondingly, to understand human activity as
designable interaction, as part of the pre-design study,
these five factors should also be included.
I disassemble the interaction design into interaction and
design. Correspondingly, the five elements of the
interaction design are divided into two categories:
interactive layer and design layer. The Interactive layer
contains the communication and interaction of the
information that the user completes in order to achieve
the goal before the design intervention, helping the
designer understand the design issue better. Design layer
is based on the interactive layer, where design can
participate in and involve in, to help designers find the
foothold of design. Among the five elements of
interaction design, behavior is not only a key element
for designers to study and understand, but also a design
object for interaction design. Therefore, as a
supplement, I divide behavior into behavior before
design and designed behavior. Thus, the interactive
layer contains four elements of user, goal, scenario, and
behavior before design, in another word, interactive
elements of interaction design. While the design layer
contains medium and designed behavior, which are
design-able elements of interaction design.

Before talking about what design-able interaction really
is, I will firstly focus on the definition of interaction
design and the design object of interaction design. In
About Face, interaction design is defined as “the
practice of designing interactive digital products,
environments, systems, and services.” (Cooper et al.,
2007) What makes interaction design special is that it is
interactive and strongly based on digital medium. So,
Interaction design focuses more on something that
traditional design disciplines do not often explore: the
design of human behavior. In addition, in the early
1980’s, Professor Richard Buchanan (1985) has defined
the design object of interaction design as human
activity, “creating and supporting human activities
through the mediating influence of products”.
Conversely, design-able interaction refers to a human
activity that can be influenced by design. When defining
a new interactive product, the first thing that interaction
design needs to do is to look for the part of the human
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activity that can be effectively involved, namely,
understand human activity as design-able interaction.

Interaction Design

Interaction Layer

Design Layer

Interactive Elements:

Design-able Elements:

user, goal, behavior
before design, scenario

designed behavior,
medium

Communication and
interaction of
information to achieve
users goals

Designer's participation
and the approach of
solving problems

Figure 1: The elements of interaction design
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Next I will analyze the human activities related to death
and disassemble them with the above interactive
elements and design-able elements to understand death
and find design opportunities from the perspective of
interaction design.

THE DESIGN DEFINITION OF DEATH
Death is discussed not as a singular event but as a
gradual social process in this paper. The anthropologist
Kelli Swazey (2013) believes that death is not just a
biomedical definition, but also the transformation of its
social relationships. “Our relationships with other
humans, their impact on our social reality, does not
cease with the termination of the physical processes of
the body… There’s a period of transition as the
relationship between the living and the dead is
transformed but not ended.” From this perspective,
death is not only related to the people who have passed
away, but also closely related to the ones still alive.
Death does not only refer to the process of gradual
disappearance of vital signs, but also the complete
process from the moment that someone knows that he or
she is about to face death until the moment he or she is
finally commemorated by the living. So I think the
designers should not only focus on the death and its
biological definitions, but should also analyze death as a
design system involving multiple types of users and
complex human activities
I search for related news with “fatal disease”, “pass
away”, “death”, “funeral”, “mortuary house”,
“heritage”, “tombstone”, “life” and “death day” as
keywords, record interaction design elements used in
them and arrange them to be an original library of
elements.
Five users at different ages (from 20 to 60) are
interviewed for 20-30 mins with the following four
questions:
1. Could you describe your latest experience related to
death?
2. Could you describe how the latest funeral you have
been to goes?
3. How do you reminisce about your bygone families
and friends?
4. How do you explain life and death?
The answers, converted to interaction design elements,
will be included in the library. All these elements
constitute the integration of death.

INTERACTIVE ELEMENTS OF “DEATH”
Interactive elements include user, scenario, goal and
behavior before design. I will define death, a
complicated design problem, from four parts.

SIDeR‘19 - Student Interaction Design Research Conference , Muthesius University of Fine Arts and Design, Kiel, Germany
43

USER

BEHAVIOR BEFORE DESIGN

Users who experience the same death accident are
characterized in group. It is harder to generalize no less
than one distinctive persona in it than in common design
projects. All death accidents go on as someone dies. All
that undergo accidents have some connection with the
dead. In this case, I divide users into The Dead and The
living. According to the kinship, the living are classified
into family and close friends of the dead, relatives and
friends of the dead and all who know the dead.

So even as we share death as a universal experience, it's
not experienced the same way the world over. As a
result, in the analysis and summary of users’ behavior, I
am more concerned about those common. Regardless of
the cultural background, both the deceased and their
families need to experience the process of knowing the
news of impending death and trying to accept it; no
matter what form of funeral is held for the deceased, the
funeral contains the meaning of saying goodbye to the
deceased; and whatever form is used to commemorate
the deceased, it is an entrance for the living person to
share tier memories of the dead one. I summarize the
different types of users under different scenarios into the
following table.

family and
close friends of
the dead

all who know the
dead

The Dead

The Living

Figure 2: The collection of users

SCENARIO

In death accidents, detailed scenarios vary according to
cultural background. Therefore, I divide accidents into
the following scenarios in time sequence: before death,
during death, after death.
GOAL

It is not easy to obtain user’s goals from online news. In
that case, I tend to know user’s goals based on
information garnered from interviews, in which I also
ask users about their understanding of life and death and
convert it into goal. User’s goals are summarized as
follows as users and scenarios vary:
Table 1: The summary of goals

Scenario

Before
Death

During
Death

After
Death

User
the dead
and
User’s
Goals
family
and close
friends

understand
and accept
death

die without
pain

be
remembered

accept
death and
prepare

accept and
face death

accept
death and
remember
the dead

relatives
and
friends

accept death, feel and
understand life and death

feel and
understand
life and
death

all who
know

feel and understand life and death

Scenario

Before Death

User
the dead
and
User’s
Behavior

know/tell the
news; think about
death; plan the
heritage and the
funeral; appreciate
the rest of life;

family
and
close
friends

know/tell the
news; think about
death; appreciate
the rest of time
with the dead;

know the news

all who
know the
dead

——

know/tell the news

know/tell the news

handle and plan the things after death;
handle the remains,
relics and heritage

waiting to be excavated as a digital heritage; and
people's actions and expressions can be electronically
analyzed. That means when it comes to death, a topic
with religious and philosophical characteristics, we will
still be exposed to more opportunities for different
media from traditional analog.

CONCLUSION
I have simplified the complex design and determined
where my design goes by the collation and analysis of
interaction design elements involved in the social event
of death. In my submission, interactive designers should
make full use of new media to design a new interactive
emotional farewell and an unconventional memorial
way for the departed.
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Figure 3: The Map of Death & The Primary Users and Behaviors

MEDIUM

We are now living in the information era where the
megatrends turn to be digitizing and individualization:
what the dead said can be recorded by mobile phones;
the information left by the deceased on the Internet is
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Swazey, K. (2013). Life that doesn’t End with Death.
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attend the funeral

DESIGN-ABLE ELEMENTS OF “DEATH”
Design-able elements mainly contain two fundamental
elements, that is, "medium" and "designed behavior".
Before analyzing the designable elements, I made a
further arrangement of interaction elements: based on
the behavior and signs sorted out before, and in
chronological order, I drew a concise Map for the
deceased and the family and friends most closely related
to the deceased.
DESIGNED BEHAVIOR

I observed from map that in terms of death, the living
has more types of behavior in a longer time than the one
who is going to die. Hence, the living will be targeted as
the main user in follow-up design. Besides, I believe the
farewell between the living and the dead and the
memory of the living for the dead are the main links in
which design can be involved. When one says goodbye
to or commemorate the dead, he shows both reluctance
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The Dead

appreciate the rest time of the life;

After Death

handle the remains, relics and heritage
of the dead; organize the funeral;
relatives
and
friends

The Living

think about death;

Table 2: The summary of behaviors before design

relatives and friends of
the dead
the dead

and remembrance to them. But farewell and
commemoration can be more romantic and moving.
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PHYSICAL DESIGN

The physical design is consisting of a 12 L trashcan
made of stainless steel with a handle on the top, see
figure 1.a above. On this an LED strip was installed as
seen on figure 1.b. The LED-strip is added to provide
the users with visual feedback. This LED-strip consists
of three different colors that will change based on the
users’ waste behavior see figure 1.c. Weigh.IT is
designed to be placed on the kitchen floor for easy
accessibility and great visibility of the feedback given.
INTERACTION WITH WEIGH.IT

Weigh.IT facilitate three different interactions, these are
listed below.

JANNIE ANDERSEN
AALBORG UNIVERSITY

1. User throws out waste: Is an interaction the users can
be doing several times a day.

ABSTRACT

JAN12@STUDENT.AAU.DK

This paper study the possibility of encouraging
reflection upon waste production from users, while
interacting with an interaction design called
Weigh.IT. With this interaction design we focus on
the use of technology as a supportive way to
encourage reflection for the users. Through an
exploratory deployment, findings showed that the
families indeed created reflection upon using
Weigh.IT.
INTRODUCTION
The amount of waste in Denmark is raising from 777kg
in 2016 to 781 kg in 2017.Throughout the years the
production of residual waste has only been raising and
this is a general problem within Europe. The European
Commission states that not only is the goal to recycle
the waste, but also to prevent the production of waste.
(Eurostat, 2019; Eurostat 2018; European Commission
2017)
As a strategy to avoid exhausting the earth, a Circular
Economy was presented in fall 2018 by the Danish
Ministry of Environment and Food (Ministry of
Environment and Food of Denmark, 2018), where the
goal is to reduce and recycle waste and make the best
use of the earth’s resources (The Danish Government,
2018, pp 6-15). One of the focused objects of this
strategy is to reuse products and resources, where the
European Parliament released in 2018 a directive on
general subjects such as sustainability with a focus
towards waste and recycling (Directive of The European
Parliament, 2008; The Danish Government, 2018).
Several papers include a specific focus on designing and
evaluating sustainability (Farr-Wharton, Choi and Foth,
2014; Ganglebauer, Fitzpatrick and Güldenphenning,

2015; Remy, Bates and Huang, 2017) though the papers
focus on sustainability and design towards reducing
food waste, the focus on the waste itself through HCI
research is minimal.

2. Trashcan is being emptied: Requires for the user to
empty the trashcan.
3. User getting feedback by the LED-strip: This is the
most frequent interaction, with the purpose to create
awareness of the users’ trash production behavior.

Studies within HCI and interaction design have created
methods and studies on changing behavior with the use
of technology. In this paper, we want to contribute with
a study of the topic ‘waste’ within the HCI and
interaction design, specifically we attempt to encourage
reflection through an interactive trashcan for citizens
producing residual waste.

VISUAL FEEDBACK

Weigh.IT is consisting of four types of feedback, these
are:

user to see the weekly graph. This graph illustrates each
day of the week and how much waste the users have
produced per day. On the graph both a red and yellow
line are visible. This was chosen to make a connection
between the trashcan and the application by using the
same colors and limits for the stages of OK and
unacceptable.

EVALUATION OF WEIGH.IT
The evaluation of Weigh.IT is done by an exploratory
deployment of Weigh.IT. The exploratory deployment
should help to understand what reflections are created
by potential citizens by the interaction with Weigh.IT.
EXPLORATORY DEPLOYMENT

During the recruitment of the test participants, it has
been important to have different kinds of citizens. This
is in order to understand whether Weigh.IT affects
citizens differently, and we want to do this by having
two different families. The families differentiate by,
number in the household, type of household and
whether the households are sorting waste or not,
common to both of them is that they are living in
Aalborg Kommune. Below are how the families are
characterized.
Family 1

Family 2

Male (49 years old),
female (49 years old) and
daughter (20 years old)

Male (24 years old),
female (29 years old),
son (4 years old) and
son (1.5 years old)

-

Registration of new weight: Lights up from the
bottom to the top, one LED at the time.

-

The weight is acceptable: Green

WEIGH.IT

-

The weight is OK: Yellow

House owner

Apartment buildings

The purpose with Weigh.IT is to make users aware of
their production of residual waste and create reflections
upon users’ behavior concerning waste, this is done by
weighing the residual waste produced by the users.
Weigh.IT is a designed system with the purpose of
visualizing the production of residual waste and consists
of a physical trashcan that weighs all residual waste and
provides visual feedback to the user. Besides the
trashcan, Weight.IT also consists of a mobile
application that visualizes the residual waste data
retrieved from the trashcan, this allows the users to keep
track of their production waste. See the Weigh.IT
trashcan on figure 1 below.

-

The weight is unacceptable: Red

Sorting waste

Do not sort waste

Green, yellow and red are chosen based on their
meaning within the design and can be reassembled to a
traffic light, where it is used as green to go, yellow to be
aware of the change and the red to stop
(Vejregelgruppen, 2017).
MOBILE APPLICATION

Figure 2: Mobile Application. Left is day to day graph. Right is daily
production of waste over 10 day period.

We developed a mobile application to support the
physical trashcan and this allowed the users to see two
graphs that illustrated their trash behavior see figure 2.
The application accesses the data and the daily graph
updates real time with new information. When the users
opens the application they are met with two graphs. On
the left graph the user is able to see their waste pattern
and by clicking on the graph they can see the precise
amount of waste. They are also able to detect when they
have emptied the trashcan, by seeing the graph will drop
the data to zero. On the right graph, it is possible for the

Figure 1: Weigh.IT lighting with the three different stages
through LED-Strip: green, yellow and red. (a) The lid of the
trashcan with a handle. (b) The LED-strip with the three stages
of colors shown. (c.a) The stages; acceptable, (c.b) OK, (c.c)
unacceptable.

Figure 3: Overview of the two families.

Each of the two families was given a prototype of
Weigh.IT, of which Family 1 and Family 2 have had the
prototype for 10 days. The prototype was intended to
register and regulate the weight limits itself, but due to
limited testing period it has been decided to set the
limits based on the average production of waste per
citizen (Eurostat, 2019).
For the exploratory deployment, each family had a
prototype Weigh.IT installed that could detect weight
and show weight within three limits, green, yellow and
red. Each time the trashcan registered weight, the data
was sent to an app that the families were given.
Families without waste sorting
It has been decided to set a maximum weight limit of
2.1 kg per day in households that do not sort waste. This
corresponds to what a person generates during the day
2017 (Eurostat, 2019).
The weight limits are for Family 2 as follows:
Green: 0-1.05 kg, Yellow: 1.06-2.09 kg, Red: 2.1 kg+
Yellow and green is based on the average on 2.1 kg.
They are found by dividing the average into two.
2
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Families with waste sorting
In 2017, each household who sorted waste had delivered
415 kg of residual waste (Aalborg Renovation, 2017).
This forms the basis for setting the maximum weight
limit of 1.1 kg.
The weight limits are for Family 1 as follows:
Green: 0-0.55 kg, Yellow: 0.56-1.09 kg, Red: 1.1 kg+
Yellow and green is based on the average on 1.1 kg.
They are found by dividing the average into two.
Data Collection
After the two families have used Weigh.IT for 10 days,
there was a follow-up interview with the families. The
interview investigated how the families had experienced
interactions with the prototype. The interview was a
semi-structured interview, which investigated the use of
Weigh.IT. Answers were noted down for each question,
the results are found in Results.

RESULTS
In this section, we present two groups of findings that
have been found through the evaluation. We used
affinity diagramming to group the findings into themes.
The first theme is ‘Surprised over production of waste’,
this theme is consisting of comments on the interaction
with Weigh.IT and reflections upon that interaction. The
second theme is ‘Reflection on less production of
waste’, this theme is consisting of reflections about how
to generate less waste.
SURPRISED OVER PRODUCTION OF WASTE

The woman from Family 1 made an observation upon
that even though she only threw eggshells from 4 eggs
out, Weigh.IT still registered the weight, and she was
surprised about the feedback light that indicates when
trash is throw out, she said surprised.: “I didn’t put that
much in it” - Female, Family 1. The same member of
Family 1, expressed after one hour of having the
product: “It can’t already be yellow! There is basically
nothing in it! Is it broken?!” - Female, Family 1. The
expression from the Family 1 clearly states how
unaware of their waste the family is and Family 2 also
explained how they never really have thought about
how much waste they produced.
In addition, Family 1 gave the impression that they were
well aware that their behavior was bad when Weigh.IT
lighted red. The family's daughter explained that she
had no sense of what and how much the family threw
out, but she was surprised of the little amount waste
there was needed before Weigh.IT changed color. This
had helped her gain a greater understanding of the
family's waste production.
Family 2, unlike Family 1, seemed to be more annoyed
than surprised at being aware of their waste production.
Family 2 explained in the interview that they repeatedly
considered putting duct tape on the LEDs to cover the
red color. If this is due to guilt feelings about the

production of waste or because the LED strip shined too
much, Family 2 does not state this.
REFLECTION ON LESS PRODUCTION OF WASTE

In general, Family 1 and Family 2 have used the light on
Weigh.IT to reflect on their production of residual
waste. This has been especially when the trashcan has
lighting red, that the families have been aware of their
behavior. Both families easily understood the concept
and the use of lighting. However Family 2, did not feel
the light was compelling them to do anything about
their waste: “The light, it can’t force us to throw less
trash out.” - Male, Family 2. In addition to that, Family
1 explained when the light was red: “It is too late now,
so we didn’t care”. Improvement of the trashcan is
showing weight limits in order to help them perceived
the weight limits better and get a better understanding of
the habits.
Family 1 explained that during the test period they
reflected on how they could reduce this amount of food
waste. One solution to this was that they would compost
their food waste. In this way, Family 1 hoped that in the
long term they could avoid Weigh.IT becoming red.
Family 2 expressed how they felt that their ability to
make changes is too complex and that they immediately
could not see how it would be possible to change due to
food producers uses such things as plastic to wrapped
food, but during the interview Family 2 was also asked
to a specific date, where their production of residual
waste was at its highest. To this question, they
explained: “We threw out a lot of waste and general
stuff… Some of it was broken”. We interpret if the waste
either could have been recycled or if some of the food
could have been eaten. But as the family also expressed,
they felt conflicted of what solutions they could use
within their living arrangements.
SUMMARY OF FINDINGS

Through the 10 day implementation of Weigh.IT, there
has generally been positive feedback on the concept
behind Weigh.IT as well as the interaction with the
physical design, the trashcan. After the implementation
of Weigh.IT at Family 1 and Family 2, it is still unclear
whether Weigh.IT is an optimal solution for reduction
of residual waste. The families had different attitudes to
the interaction, where Family 1 generally had a positive
attitude towards the use of Weigh.IT, and even came up
with solutions to reduce their residual waste. This
family already sort out their waste, so perhaps the use
for sorting has a bearing on whether one is having a
positive or negative attitude to the production of waste.
Family 2 does not sort waste and did not think they
would be able to reduce their waste, but that
responsibility was at the producers.

DISCUSSION

production of residual waste. Family 1 explicitly
mentioned how they already suspected to be producing
lots of waste but was still surprised how much this was
based on they already were sorting waste.

Ministry of Environment and Food of Denmark. 2018.
Circular Economy. [Online]. [Accessed 29 April
2019]. Available from: https://en.mfvm.dk/focuson/circular-economy/.

Our findings indicate that maybe the color is not enough
and both families explained how they either were
missing functions or how the color was not enough for
them to change their habits regarding their residual
waste. Kjeldskov et al. used the same colors in their
application, but they also used what Fogg relates as a
trigger in the form of an SMS (Kjeldskov et. al, 2012;
Fogg, 2009), this will also be a valid point for further
development of Weigh.IT. During the interview with
Family 2, they explain how they felt the LED-strip was
not enough for them to change their behavior and how
they felt lack of knowledge of how to do so, was
something Weigh.IT did not fulfill and according to
Kjeldskov et al. similar response came through their
interview, where a user also expressed a lack of
understanding (Kjeldskov, 2012). This could prove to
be a high ability as Fogg states of finding the solutions
too complex.

The Danish Government. 2018. Strategy for Circular
Economy: Transition to a more circular economy.

CONCLUSION
This paper has explored residual waste in household
introducing Weigh.IT that enables feedback on residual
waste production. The different kinds of information
integrated was as following: (a) Information through an
LED-strip using color code on the trashcan compared to
the average production of waste per citizen in Denmark
and (b) data on the users own production of waste on a
day to day basis and one showing a graph of every day
over the 10 day period compared to the average
production of waste per citizen in Denmark.
Our findings suggest that the families in our study
understood the concept of Weigh.IT. Family 1 reflected
on what they could do the produce less residual waste,
and Family 2 did not see any method in how they could
be better at producing less Residual waste. Neither of
the families in the study used the application given to
them for a deeper understanding of the waste production
where Family 1 wished for more information about their
production of waste on the trashcan.
While we conducted our study over 10 days, we need
longitudinal studies with more participants to uncover
what themes we might draw from this case, and which
tools can be used to motivate and make the user reflect
on their habits.

REFERENCES
Directive of the European Parliament. 2008. Directive
2008/98/EC of the European Parliament and of
the Council of 19 November 2008 on waste and
repealing certain Directives. EUR-Lex.

Eurostat. 2018. Municipal waste generation in the EU
Member States, 2016. [Online]. [Accessed April 30
2019]. Available from:
https://ec.europa.eu/eurostat/web/productseurostat-news/-/DDN-20180123-1
Eurostat. 2019. Municipal waste generated in 2017, kg
per capita. [Online]. [Accessed May 01 2019].
Available from:
https://ec.europa.eu/eurostat/statisticsexplained/index.php/Municipal_waste_statistics
European Commission. 2017. Waste presention and
management 2017. [Online]. [Accessed May 14
2019]. Available from:
https://ec.europa.eu/environment/greengrowth/waste-prevention-andmanagement/index_en.htm
Farr-Wharton, G. Choi, J. H. and Foth, M. 2014.
Technicolouring the fridge: reducing food waste
through uses of colour-coding and cameras. Mum
'14. pp. 48-57.
Ganglebauer, E., Fitzpatrick, G. and Güldenphenning,
F. 2015. Why and what did we throw out?: Probing
on Reflection through the Food Waste Diary. CHI
'15. pp. 1105-1114.
Remy, C., Bates, O., Thomas, V. and Huang, E. M.
2017. The Limits of Evaluating Sustainability.
LIMITS '17. pp. 103-110.
Fogg, B. 2009. A Behavior Model for Persuasive
Design. Persuasive 2009.
Vejregelgruppen. 2017. Brug af trafiksignaler - Anlæg
og planlægning. [Online]. [Accessed 5 March
2019]. Available from:
http://vejdirektoratet.dk/DA/vejsektor/vejregler-ogtilladelser/vejregler/h%C3%B8ringer/Documents/
2017%20h%C3%B8ringer/122_Brug%20af%20
trafiksignaler.pdf.
Aalborg Renovation. 2017. Miljøredegørelse. Aalborg
Renovation.
Kjeldskov, J., Skov, M. B., Paay, J. and Pathmanathan,
R. 2012. Using mobile phones to support
sustainability: a field study of residential
electricity consumption. CHI'12. pp. 2347-2356.

Weigh.IT shows potentials within the subject of creating
awareness, the participants of the study both expressed
their lack of knowledge when it comes to their
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ABSTRACT

how we do business: profit is no longer everything we
should focus on.

In this paper research concerning the consultants’
handling of emotional reaction shown by
participants during Design Thinking workshops is
presented. Emotional reaction leading to resistance
towards the process creates an obstacle to the
success of a workshop, disrupting proceedings
enormously. After combining first hand
observations with semi-structured expert
interviews, this research proposes facilitators to
practice empathy while teaching it, too, by using
five techniques suggested, in order to raise the
quality and ensure success of a Design Thinking
workshop within organizations working towards
sustainable development.
INTRODUCTION

“Though it may seem counterintuitive, organizations are
sometimes trapped by their success. They are trapped in
what has been successful in the past but is no longer
well suited to new circumstances of the marketplace or
of society.” (Buchanan 2015). Businesses have worked
the way they have for quite some time now, but
developments such as the globalization have made the
earth seem as if it is spinning a little faster. As a
consequence, organizations have had to become much
more flexible in their way of doing things within a
changing environment. The developments of the
industrialization have had a great impact on our planet
as well, though not a positive one. Thus, organizations
not only need to become more flexible, but also more
resourceful in their processes. “In recent decades there
has been a tendency to regard profit as the purpose and
goal of all types of organizations.” (Buchanan 2015).
The circumstances described require a radical change in

A variety of methodologies have come up to help
organizations with the contingencies arising, from Agile
through Scrum to Google Sprints or Design Thinking:
They are all created to make organizations transform
their business to continue being successful, however not
necessarily within the Anthropocene that is unfolding.
Although the need for a transformation may be obvious,
and the methodologies developed have proven
successful to some extent, they are not necessarily
meant to foster responsible change towards more
sustainable processes. They still mainly support profitoriented businesses, thereby continuing to make it
difficult for innovation consultants to help alter the
perspective and initiate sustainable change. Specifically,
management has felt pressure to take the initiative to
lead change towards sustainability: “Conceptually, it
[management] is the framework of values and vision
that serves to accomplish a collective objective or goal.”
(Buchanan 2015).
As a human-centered designer, to me such
methodologies seem to have potential to be used for the
purpose mentioned above. The International
Organization for Standardization describes humancentered organizations in three ways: accountable for
their impacts on the society, the economy, and the
environment; transparent in their decisions and activities
that impact on society and the environment; and
behaving ethically (ISO 27500:2016). Still only a
minority of organizations have started utilizing such
methods to work towards this, claiming to be humancentered. This is why I have started facilitating Design
Thinking workshops within organizations working
towards sustainable development. When facilitating
such workshops, guiding participants towards more
sustainable habits specifically with the Design Thinking
methodology, I have experienced resistance coming
from participants on a regular basis. Though Design
Thinking is meant to empower people to find their
creative confidence, it seems like there are essential
discrepancies, leading to participants showing emotional
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reactions and becoming hesitant, or even refusing to
contribute. The combination of a changing world and
the environmental degradation may make a lot of
demands in terms of change on participants, which may
ultimately be overwhelming.
The concept of change management has been
established over a long time, supporting businesses in
handling all transitions necessary in a world forcing
them to adapt. As early as 1951, Kurt Lewin anticipated
that need and presented relevant groundwork for
research within the field of change management when
presenting his model involving three steps: unfreezing,
improving, refreezing (Hussain, S.T, Lei, S., Akram, T.,
Muhammad, J., Hussain, S.H., Muhammad, A. 2018).
Many other theories build on Lewin’s foundation, such
as the work of John Kotter, who turned the three steps
into eight, displaying the process on a more detailed
level (Kotter 1996). A different framework has been
established by Robert H. Waterman, Jr., and Thomas J.
Peters, a model called Mc Kinsey 7S, focusing less on
large transitions, but on the interactions within and the
coherence of the organization (Waterman, Peters,
Phillips, 1980). Another model which in turn focuses on
large transitions is the work done by William Bridges,
that suggests thinking of a transition as a journey
(Bridges 1990). Generally, this research provides
different approaches of strategies that address the
management of change within organizations. They show
consistency in stressing the importance of determining a
vision and defining concrete changes to be made. A
slight shift in perspective is to be noted as earlier ones
are centered on the analysis of the situation within
organization, whereas newer ones are attempting to
implement change successfully through the guidance of
employees involved. They all implicate a lengthy
process added to the regular operations of any
organization.
In the light of developments such as the globalization,
new styles of working have been evolving: When it is
possible to get everything at all times, organizations are
forced to become much more flexible in order to be able
to continuously adapt to their changing environment.
Having stretched the system beyond its limits,
employees start to lack engagement, leaders begin to get
tired, customers stop trusting businesses (Laloux 2016).
These consequences, combined with the recent
advancement of digitalizing organizations as well as
agile and iterative operating principles having emerged,
consider change as an existing constant in every
organization. Thus, new methodologies pursue to
manage change as well, however in a much more
accelerated manner in order to keep up with the pace set
by postmodern capitalism.
“This is the paradox of the organization: It needs
stability to function well, but it needs change to

survive.” (Junginger 2008), or to take it even further:
“Most businesses today realize that the key to growth,
and even survival, is innovation.” (Kelley 2015). Those
new styles also claim to cultivate innovation through
shifting the mindset, aspiring to engage everyone
involved in a participatory process, fostering confidence
for problem-solving capabilities within organizations.
One of the styles widely discussed is Design Thinking,
“a discipline that uses the designer’s sensibility and
methods to match people’s needs with what is
technologically feasible and what a viable business
strategy can convert into customer value and market
opportunity.” (Brown 2008).
During my research I have come across a great amount
of literature on resistance to change within the field of
change management. Reasons for generally resisting
change include cognitive dissonance, the fear of the
unknown, trust issues, loss of control, bad timing, as
well as the individual’s predisposition toward change. It
arises from the fact that human beings simply value
where they belong, and leaving that comfortable place
appears as a threat (Jost 2015). Much of that framework
is about the actual implementation of change within
organizations, suggesting various techniques to uncover
potential for resistance prior to implementing change.
There is no doubt that recipients’ reactions play an
important role when it comes to change. Also, the
successful utilization of newer working styles such as
those mentioned earlier is dependent on whether
resistance arises or not. However, in many of these
publications, resistance to change is identified at a much
later point in time than my research suggests. Based on
my survey of the literature it seems as if there is no
research published concerning the specific incident of
participants showing resistance during Design Thinking
workshops within organizations working towards
sustainable habits.

METHODS

Initial data was collected while observing workshops
both as a participant and as a facilitator (Table 1).
Observations were recorded in the form of written
memory protocols. During the observations, attention
was paid particularly to the emotional involvement and
willingness to participate of the attending.
Table 1: Workshops attended in chronological order.

Workshops

Client

Time

Part
icip
ants

Age

f/m

Introduction
to Design
Thinking x
SDGs

Open

4h

15

25-40

12/3

Introduction
to Design
Thinking

Large,
German

1d

25

30-50

10/15
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potentially useful solution for consultants as well as an
answer to my research question were developed.

automotive
manufacturer
Ecological
Citizenship

Open

3h

14

20-30

11/3

To confirm assumptions made based on these
observations, a semi-structured dialogue guideline was
created, used for interviews conducted with ten experts
working in facilitation, selected based on their
experience (Table 2). The interviews were conducted in
either English or German, audio recorded, transcribed,
and if in German, translated by me. In order to move
ahead more rapidly, this process was an investigative
one, meaning that guideline was used as a starting point
from which I would then move away slightly over time,
taking learnings from before into consideration, letting
the level of complexity develop naturally.
Table 2: Experts interviewed in chronological order.

Occupation

Focus

Experience

Origin

Innovation
Consultant

Ideation
Methodology

3 years

Germany

Innovation
Consultant

Corporate

5 years

Germany

Postdoctoral
researcher

Persuasive
Technologies

10 years

Germany

Innovation
Consultant

Service Design
Thinking

3 years

Germany

Impact
Metrics
Consultant

Gender Equality

7 years

USA

Innovation
Consultant

Community
Building

3 years

Switzerland

Creative
Director

Social Good

6 years

Canada

Agile UX
Consultant

User Empathy

11 years

USA

Service
Designer

Healthcare

10 years

Sweden

Innovation
Consultant

Digitalizing
Organization

8 years

Germany

Continuously interpreting the insights collected from
workshops and interviews, mind maps were used to
consolidate learnings into techniques ready to be tested.
As research through design is an explorative process,
occasionally plans need to be adapted: The opportunity
for a preliminary validation presented itself when
facilitating another workshop, where resistance was
experienced again (Table 3). Taking into consideration
the results from this preliminary validation, it was
evaluated what form the learnings should take. Thinking
of the identified techniques as being a toolkit for
consultants, two prototypes that would provide a

Table 3: Workshop used for preliminary validation

Workshop

Client

Time

Partic
ipants

Age

f/m

Introduction
to Design
Thinking

Global
business
consulting
firm

2d

20

25-35

8/12

LIMITATIONS

Due to time constraints, this research is limited in
certain ways: All data was gathered from small sample
sizes. Experts far from me had to be interviewed via
video conference. Because of its serendipity, the
validation is only preliminary and limited to the one out
of five techniques tested in a Design Thinking
workshop.

RESULTS
WORKSHOPS

Workshops are an established format for organizations
to allow their employees to acquire additional skills.
(Augsten, Marzavan 2017). The kind of workshops I
was involved in were all based on the idea of using
creativity as a tool to drive change towards sustainable
development. The Kelley brothers state: “Creative
confidence can inspire whatever work you already do –
because you gain a new tool to enhance your problemsolving practices without having to abandon any of your
existing techniques.” (Kelley 2015). However, it seems
that not every participant is automatically receptive to
new tools, which can result in them reacting
emotionally and as a consequence showing resistance
towards the process. From what I experienced, I
conclude, that it makes a difference whether participants
are attending because they want to, or because their
organizations’ HR department booked the workshop and
made them attend. Also, it turns out to be relevant
whether the participants are members of a traditional,
long-established, and prestigious organization, or if they
attend on their own initiative, independently of any
organization. When planning the agenda for a workshop
and allotting time slots for the different activities,
resistance is usually not taken into account. Time is
generally very short, and the activities highly
demanding, leaving little room for any deviation from
the schedule. As a consequence, consultants are usually
not prepared for the situation that resistance from
participants might disrupt the proceedings.

DISCUSSION

The experts interviewed confirmed my previous
findings collected during workshops. Though being a
great opportunity in theory, practically a brief
introduction to such methodologies cannot make
participants unlearn old patterns immediately, which is
why both ways of thinking collide at first. “[…] Design
Thinking is an art of creative inquiry,” (Buchanan 2015)
which not every participant is immediately ready to
switch over to. Due to the “lack of experience in dealing
with unknown proceedings, followed by the insecurity
of taking over responsibility for projects that need to
leave given paths” (Augsten, Gebhardt, Maisch 2016),
emotional reactions shown by participants leading to
resistance that disrupts the proceedings should be an
expected divergence from the process that consultants
need to be prepared for. “The notion of empathy and
human-centeredness is still not widely practiced in
many corporations.” (Kelley 2015).

INTERVIEWS

Interviewees claimed being able to sense attitudes
resulting from the circumstances of being made to
attend a workshop, booked for them by somebody else.
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Furthermore, they also substantiated that participants
coming from a traditional organization tend to have
difficulties being open to the new styles of working
introduced by the facilitators. The interviewees had
different notions of what resistance is, ranging from
participants just being quiet to participants being loud.
They also had contrasting understandings of what
change is, distinguishing it from innovation, and thereby
challenging the way I had used the term. Change and
innovation seem to get confused, whereas change is
simply doing something differently, innovation implies
doing something new entirely. According to the
interviewees, moments when participants’ perspectives
change happen several times throughout the process,
especially when participants go out on field research or
are allowed to anticipate a potential outcome. Unrelated
to a specific point in time during the facilitation process,
a few interviewees also mentioned the capability for
deep listening as crucial. They value the opportunity of
both encountering people they would not otherwise and
restoring confidence in companies through lowering the
threshold by suggesting experimentation through
prototyping. Interestingly enough, things mentioned as
being opportunities were also mentioned as being
obstacles: Prototyping as a new style of working may
intimidate and even scare away participants that not
used to this, as major companies are still very
traditional. Altogether, consultants said that they were
aware of resistance occurring, and to a certain degree in
fact anticipate the lack of success of their workshops.
However, most still do not prepare for that. When asked
about their strategies for managing resistance, responses
ranged from doing nothing through trying warm up
exercises, to cultivating a high degree of empathy,
though consultants acknowledge to find it exhausting to
deliver that.

During our interview, an Agile UX consultant made the
statement: “How to do change management is actually

really challenging and requires a certain calibre of
leadership. And I think that good leaders actually listen
and can empathize more.” My findings suggest that to
be true. By its nature, a workshop is a highly artificial
situation, in which emotional reactions shown by
participants leading to resistance towards the process is
a recurring theme. A consultant facilitating Design
Thinking workshops trains leaders to cultivate empathy,
shift their mindset to human centricity, and allow
change through iterative proceedings. To enable change
while managing resistance, I propose for consultants to
do the same at a meta level, and themselves cultivate
empathy for their participants: “The best coaches, like
the best leaders, use empathy to do their job well”
(Ventura 2018). When in a workshop, a facilitator is a
consultant, a coach, and a leader. “Leaders can’t dictate
culture, but they can nurture it. They can generate the
right conditions for creativity and innovation.” (Kelley
2015). The techniques needed to help already exist and
are actually part of the strategy of cultivating empathy,
which facilitators teach their participants, fostering an
atmosphere that encourages the understanding of
someone else’s situation by changing perspectives.
Having participants being comfortable with the
uncomfortable is what makes them willing to
experiment (Kelley 2015). It is a consultant’s
responsibility to make a participant willing to feel
insecure, and they can do that by cultivating empathy.
The techniques identified during this research and
proposed to be practiced by consultants are: 1.
Encouraging holacratic decision making by setting
ground rules – Participants may likely be new to this,
which means they lack practice and require support to
carry out tasks as requested. Ground rules may define a
clearer outline, ensuring everyone involved agrees on
the how. 2. Gradually warming to the philosophy with
mindset sensitization – Participants may be
overwhelmed with mentalities they are not familiar with
and get uncomfortable by being rushed into them.
Dedicating substantial time to exercise the mindset may
help increasing comfort zones. 3. Lightening the
atmosphere through tangible storytelling – Participants
may find it difficult to recognize the value of Design
Thinking when being exposed to it for the first time.
Sharing anecdotes making tacit insights relatable may
ease the situation. 4. Motivating success by anticipating
the outcome – Participants may not be able to foresee
the potential hidden in the proceedings. Sharing a
forecast may make participants feel less hesitant and
allow them to get an idea of what they will get out of
the process. 5. Helping participants to stay comfortable
with an attitude adjustment – Participants may feel
intimidated by the constant use of buzzwords making
things sound difficult. Recasting changes as
experiments and framing them as a chance to try
something may help empower participants to get started.
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CONCLUSION

As a consultant, I am rarely in control of who I am
hosting as a participant, what the circumstances of their
companies are, what their day was like, etc. What is in
my control is how I handle the participants’ emotional
reaction leading to resistance. Time is precious, though
with the techniques suggested may be used wisely and
help raising the quality of a workshop’s impact.
According to Kamil Michlewski, author of Design
Attitude, the kind of culture that drives creative change
is described by the following five aspects: embracing
uncertainty and ambiguity, engaging through deep
empathy, embracing the power of all five senses,
playfully bringing things to life, and a new meaning of
complexity within organizations (Michlewski 2016).
When facilitating a workshop, a consultant is able to
make choices on the first four aspects in order to have
participants take care of the fifth. Being under the
pressure to deliver a product or service to the client,
consultants can be very occupied by pushing through
their agenda, getting all the activities done, and
presenting their input. This does not leave much time or
mental capacity for the consultant to properly deal with
resistance.

Figure 2: A spread in the handbook presenting a scene of resistance.

Though limited, this research should be seen as laying
relevant groundwork to take it further. A suggestion for
such further research would be: Increasing the sample
sizes as well as performing additional testing, resulting
in more iterations of the initial prototype created. A
recommendation for potential future work is on how the
notion of structural constraints within organizations is
perceived as resistance to change, and whether
innovation as a buzzword is being seen as an obstacle to
change.
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Figure 4: A first, early, low-fi prototype of the card deck

Figure 1: A first, early, low-fi prototype of the handbook.
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FEDEFINING

Perception is not limited to the senses we possess,
technology enables us to enhance our natural perception towards multiple experiences.

— Zilin Wang
(17) Wearable installation design: Guide women to realize inner power via physical computing
— Jernej Kapus
(24) Design of an intelligent wearable device for persons with autistic spectrum disorder
— Feiyin Wang
(6) The effectiveness of data physicalization
— Petra Piskor and Iben Fog
(37) Wearable synaesthesis. Speculative design for disablility
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WEARABLE INSTALLATION DESIGN:
GUIDE WOMEN TO REALIZE INNER
POWER VIA PHYSICAL COMPUTING
ZILIN WANG
MUTHESIUS UNIVERSITY OF FINE ARTS AND
DESIGN
WZLDWBO@163.COM

ABSTRACT
This paper shows how people’s psychological emotions
can be positively influenced through exploring a series
of interactions via digitalization and physical computing.
Under the context of “female interaction”, I analysed
women social situation and based on Amy Cuddy’s
theory “Body shapes the mind”, a series of wearable
interactive installations were designed for women’s,
aiming that they can realize that the little positive body
changes are meaningful to inner power. After the
project, it’s still worth thinking, that the relationship
between human and digital world and how to make use
of physical computing in empowering not only women.

INTRODUCTION
Nowadays, people have an unprecedentedly close
relationship with the digital world, where a single
comment or word can affect our emotions and
psychology world. However, as a designer I was able to
build a positive conversation between digital and
physical world by helping people to be positive and
think positive about themselves.
Under the context of “female interaction”, I started to
explore the women’s features and women’s social
situations. Many studies show that women tend to rate
themselves as more emotionally expressive and more
self-deprecating thoughts than men report themselves to
be (e.g., Simon & Nath, 2004); which is contributed to
some sociocultural factors, such as gender roles, power
and status difference between men and women. Also,
It’s a consequence of a social stereotype effect (Brody,
L.R., & Hall, J. A. 2010). Now, Female are still
inevitably suffering more stress and stereotype than
male in the society. Then, I did some research about the
women social environment and the prejudice and
stereotypical comments against female on the Internet:
“No one will marry girls who wear jeans”---Satyapal
Singh, Union Minister and former police commissioner
of Mumbai
“Female scientist cause trouble for men in labs”—Sir
Tim Hunt, Nobel Prise Scientist

LITERATURE AND THEORY
BODY SHAPES THE MIND

“The nature of the poses influenced how powerful or
powerless people felt, body shapes the mind.” Amy
Cuddy, an American social psychologist, wrote in her
book “Presence” (Amy Cuddy, 2015). After lot of
researches and experiments her group made, it shows
that, with a power pose, for example, a deep breath,
upright seated posture, opening the arms and etc,
testoterone(the assertiveness hormone)will rise, whose
profile is associated with high assertiveness and low
anxiety. Moreover, posture doesn’t only shape the way
people feel, it also shapes how people think about
themselves. Erik Peper, a professor of holistic health at
San Francisco State University, found that, it is much
easier for people to retrieve positive memories about
themselves and making them feel optmistic about
themselves, when in positive postures. In conclusion,
Human’s mind and emotions will have impact on the
body and the way people deal with things. Similarly, the
body also shapes the mind, which inspire me to design
for women.
Physical computing: “building interactive physical
systems by use of software and hardware that can sense
and response the analog world, in the broad sense,
physical computing is a creatice framework for
understanding hunan beings’relationship to the digital
world(Dan O’Sullivan and Tom Igoe, 2004).” However,
it was usually misunderstandingly considered as
Arduino and different sensors and a simple DIY game
tool. Indeed, it can be used to create many creative and
interesting projects which can interact with people, but
more importantly is to be aware of its deep meaning,
and empower ourselves through it. “to make sure that I
use technology not for its own sake, but always so it
empowers people.( Tom Igoe, 2011)” Physical
computing can bridge the analog and digital world but
we can decide how to build the bridge.

“Chinese women’s depravity has led to the nation’s
depravity.”—Minhong Yu, the founder of the New
Oriental Group
“Virginity is the greatest gift you can give someone.”
—Tony Abbott, Prime Minister of Australia

CONCEPT AND PROTOTYPE

It suggests that no matter which country they come from,
women still suffer from prejudice and stereotype from
the society, regardless of the development of society
and technology.
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wearable installation, female are supposed to realize that
the little positive body changes are meaningful to the
inner power. First of all, we concentrated on three inner
transformations, from escaping to facing it, from
anxiety to calming down and from pessimist to optimist.
According to Amy Cuddy, and her research team, the
high-power poses are both expansive and open, lowpower poses on the contrary are constricted and
clenched(Carney, D; Amy Cuddy; 2010). In order to
find out which power pose can really bring out some
powerful feelings, I need to consider the way women
wear the installation, and the way women interact with
the physical computing system. During the experiment,
I found that, when they covered the eyes, they tend to
feel afraid and unsafe. And when they lowered the head
or held the breath, it’s more likely to feel nervous and
upset. Therefore, according to these different
transformations, I tested different power poses and
chose the most suitable power pose to corresponding
transformation. The final three positive poses and
actions are: from covering the eyes to facing, taking a
deep breath, and straighten the back. Since the form of a
product or an installation will influence how users
subconsciously interact with it, it is important to make
prototypes of installation and analyse the interaction
process. I made some very simple prototypes with paper
and metal wire, then let users wear it and observed the
way they interacted with it.

PHYSICAL COMPUTING

Based on those researches, I planned to use visual or
acoustic way via physical computing to let female
realize that a little positive change of body languages
could bring about a huge psychological transformation,
during the interaction between women and the wearable
installations. In this case, female are more likely to gain
a positive mind.

“Women are not fundamentally suited for politics”—
Yoichi Masuzoe, Governor of Tokyo

58

So, my goal is how to make use of digital tools such as,
physical computing to design a product or a system, or
an interaction, which can encourage female to stay
positive and feel powerful.

After all the researches and previous preparation, the
concept is becoming more clearly to combine the power
pose and physical computing and enabling women to
realize the inner power. During the interaction with the

Figure 1: Prototypes

TECHNICAL PROCESS
FROM ESCAPING TO FACE IT

The “face it!” is a head wearing installation. (2) The
front is an iron wire structure with a plane and touch
board behind is fixed in a band. The technical principle
is that, the touch board-based system is equivalently a
capacitive sensor trigger. The front plane, which is
painted by conductive ink, is connected to the electrodes
of touch board with an alligator clip. Since our body can
also act as a 100pF capacitor, as long as users try to
cover the eyes by touching the plane, the Soundtrack
wrote in the program will be triggered which is edited
with Logic Pro. The soundtracks record the prejudice
and unrespect comments against female, which are
found on the Internet. When the user doesn’t cover the
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eyes or putting hands down, the “Sound” will stop. The
touch board with a speaker is fixed on the band behind.
Main hardware list:
-Bare conductive touch board
- Conductive Ink
- Alligator
- Speaker and Micro USB

Figure 2: “face it”

TAKE A DEEP BREATH

When creating the part’s Arduino system, (3) I wanted
to visualize the inner heart changes during taking a deep
breath. Breathing can be detected by a Sparkfun
humidity and temperature Sensor Si7021. After testing
in indoor environment (humidity and temperature), the
two thresholds were confirmed. When user takes a deep
breath, the value showed in Serial Monitor will above
the threshold, which will trigger the heating pad on.
With the heating of heating pad, thermochromic ink
written letters PESS, which cover the OPTI, will
gradually fade away. Then show the OPTI, which was
printed with normal ink. The letters on the installation
will from PESSIMIST to OPTIMIST because of a deep
breath.

world, we deeply immerse in the information and enjoy
convenience of high technology, such as AI, automation,
intelligence, virtualization, at the same time, people’s
mind are also imperceptibly shaped by them. Can we
design the shape process? I hope that, my exploration of
“female interaction” can give an insight for people on
how to via physical computing guide women to try
power poses and gain powerful and positive feelings.
And how to use digital tools empower people’s inner
heart.
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Figure 3: “take a deep breath”

Main hardware list:
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-Humidity and Temperature Sensor Si7021
-LED and Diodes Transistor
-Heating Pad
-Thermochromic Ink
-Arduino UNO
STRAIGHTEN YOUR BACK

“Straighten your back” is an installation which can be
worn on shoulder(4). This part’s technical principle is
similar to the first part, which basically using a
capacitive sensor. There are two metal pendants, which
hang behind, are connected to the Arduino circuit. The
front part is a plane with “negative pattern” supported
by two servo motors. When the two pendants are
touched, the servo motors are triggered and will rotate
180 degrees, then back. As a result, the plane with
“negative pattern” will move down and when the two
pendants can’t be touched, it will move back. I used a
gear structure to transfer angular displacement of servo
motors to linear displacement of plane. So, if user
touches the pendants behind, the negative pattern will
move down and become blurred (because of the
translucent material above), during the process, female
involuntary straight the back.
Main hardware list:
-Servo Motor
-Arduino UNO with capacitive sensor library

Figure 4: “straighten your back”

RESULTS AND DISCUSSION
After finishing the three wearable interactive
installations, I interviewed the female users after they
experienced these three installations. Most of the
experiencers indicated that they did have a feeling of
relax and somehow little changes in mind. This series of
interactive wearable installation designs are the first to
try to explore how can people interact with digital tools
and a series of interactive conversation to empower
themselves. Under the context of “female interaction”, it
shows numerous possibilities for designer to make a
change and empower the human, society etc. with the
help of interaction with digital world, AI, future and
even people themselves. Behind this project, it is worth
thinking about those questions future: how to live with
digital? How can people be positive effected when
interactive with digital world? People’s emotions are
easily affected in computer-mediated communication.
On the other hand, people can also be empowered in
computer-mediated interaction (Derks, Daantje; Fischer,
Agneta H.; Bos, Arjan E.R., 2008).

CONCLUSION
How to build a series interaction between physical and
digital world, realising an interesting conversation
between human and computer, and empower people’s
inner heart, still need deep discussion. In the digital
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DESIGN OF AN INTELLIGENT
WEARABLE DEVICE FOR PERSONS
WITH AUTISTIC SPECTRUM
DISORDER

environment (Garcia et al., 2019; Voss et al., 2019).
This was seen as an opportunity for designing a device
that would use AI for recognizing emotions to help
persons with ASD cope with this challenge in day-today life.
ARTIFICIAL INTELLIGENCE AND WEARABLE
ELECTRONICS

JERNEJ KAPUS
UNIVERSITY OF LJUBLJANA, ACADEMY OF
FINE ARTS AND DESIGN
KAPUS.JERNEJ@GMAIL.COM

concept is a set of smart glasses and an application

solutions which make use of emerging technologies
such as robotics and artificial intelligence (AI) are much
more present in treatment of physical disabilities than
they are in treatment of mental health (Pinatih &
Sleight, 2017). However further research has led to a
discovery of a rising field of robotics which did address
issues with mental health and was already showing great
promise for persons with ASD (Psychologytoday.com;
Nature.com). Based on this discovery a decision was
made to choose them as the target group for designing a
solution.

for a smart watch, which use artificial intelligence

DESIGN PROCESS

to read peoples facial expressions in order to

Asperger syndrome), which was involved in

The methods used in the process were on-desk research,
in-depth interviews with experts and stakeholders,
ethnographic research of the user group and user testing
of a user interface (UI) prototype for the smart watch
application. Iterations were made accordingly. The
process following on-desk research was participatory
inviting the users to share their thoughts and ideas on
how to improve the concept and develop the products.

ethnographic research and a participatory design

AUTISTIC SPECTRUM DISORDERS

ABSTRACT
This paper explores the design process of an
intelligent wearable device aimed at helping
persons with autistic spectrum disorders (ASD)
manage their problems with alexithymia
(emotional blindness) and anxiety. The proposed

translate their emotions to the user.
The concept was developed in close collaboration
with ASPI (Association for helping adults with

process with potential users. The process is part of
my MA thesis, mentored by Asst. Prof. Barbara
Predan PhD and Asst. Prof. Lidija Pritržnik.
INTRODUCTION
In order for design to have a positive contribution to
society the needs of overlooked individuals need to be
addressed. It has therefore been decided to approach this
project through the lens of social design, making it a
goal to increase the societal engagement of designers by
focusing on real problems of humankind (Papanek
1985; Černe Oven & Predan, 2016). With this goal in
mind different types of disabilities were explored along
with the existing technologies for the challenges they
pose. Preliminary research of the subject has shown that

Statistics show that ASD are the quickest rising
developmental disorders affecting over 1% of the
population (Autism-society.org). Differences in social
interaction and communication along with repetitive
behaviours are typical for the group. The former is often
related to an inability to recognize social cues (e.g.
facial expressions) of typically developing individuals
(TDI) and vice versa (Tang et al., 2017). This means
that the persons affected will often have a hard time
recognizing conveyed emotions (Poquérusse et al.,
2018). It has however been proven that early
interventions which assist with learning social skills can
have a significant impact on how the resulting
differences are coped with (Autism-society.org).
There’s a growing number of solutions that effectively
address this problem, however most of them do not
enable support outside of domestic or learning
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Progress in AI has made it possible to run algorithms,
which are able to calculate the presence of different
emotions from video of people’s faces in real time. This
along with the miniaturization of electronic components
enables the design of smart glasses, which are small
enough to nearly pass as regular eyewear. This was seen
as an opportunity to make an inconspicuous intervention
that would not cause additional stigma to an already
vulnerable user group. It was noted however that more
progress would be required to make the intervention
completely unnoticeable.
Smart watches are also becoming increasingly
widespread which made them a logical option for the
display of recognized emotions. This provided a
platform for an effective human-computer interaction,
as a smart watch is also able to communicate with the
user by vibrating. Additionally these gadgets are mostly
equipped with heart rate variability (HRV) sensors
which made it possible to include a stress monitoring
system that carefully suggests and guides the users
through breathing exercises in order to better cope with
anxiety.
INTERVIEWS, ETNOGRAPHIC RESEARCH AND USER
TESTING

The first concept consisted of an ear-mounted device
capable of capturing video of persons the user was
interacting with. The video would then be processed
with AI for emotion recognition and the device would
communicate the results to the user through a bone
conductor transducer. The proposed gadget also
included a HRV monitor to alert the user of heightened
stress and guide them through breathing exercises via
sound. An application for smartphones was also part of
the concept, which would serve to provide more
detailed visualizations for the two functions.
Use cases were prepared which put the device into a
more realistic context. They were used for quick testing
and interviews, which proved to be an effective strategy
for obtaining a better understanding of the situations the
users would encounter in their day-to-day lives. As such
the concept was presented to ASPI society
(Psychologist Nevenka Nakrst and volunteering staff), a
Special pedagogue (Maja Škrubej Novak) experienced
in teaching persons with ASD, and a parent of a person
on the spectrum. This narrowed down the user group to
adult and high functioning persons. The parent also
made an interesting point by stating that possible stigma
caused by the visibility of such a product is not a
2

problem of users but rather of society as a whole.
However agreeable this may have sounded at the time it
was later disputed by the users. The cross section of the
device and the overall feasibility of the concept were
also confirmed through interviews at the Faculty of
Electrical Engineering, University of Ljubljana (Asst.
Prof. Gregor Geršak PhD) and Comland company (AI
programmer Rok Irt).
This was followed by a series of supervised
participatory observations of adults with Asperger’s
syndrome as they engaged in different group activities.
Some of the main insights were atypical (facial and
vocal) expressions of affect and an overall presence of
social awkwardness (e.g. lack of eye contact). The
concept was then presented to a group of the same
specifications. The main insights were that 1) the
visibility of such a gadget would cause stigma. In
regards to that the users explicitly stated they would not
want other persons to notice their affect was being
analyzed; and 2) that communicating the results via
sound would interfere with the dialogue as persons with
ASD may already have a hard time keeping focus on
what is being said to them. Members of the group were
also invited to participate in one-on-one interviews,
which made it possible to get more detailed feedback
from 2 out of 6 potential users involved in the
presentation.
Based on the insights obtained iterations were made.
The main focus was to reduce stigma and find more
suitable ways of communicating the results to the user.
This resulted in a concept for a set of smart glasses and
a semi-functional prototype of an application for a smart
watch. The glasses contained a camera on one side
which was balanced with a glass covered hole on the
other making them both appear as symmetrical circular
ornaments typically seen on regular eyewear. The
material proposed for the casing was aluminum due to
its light weight and durability. Follow-up interviews at
the Faculty of Electrical Engineering (Asst. Prof. Janez
Perš PhD; Asst. Prof. Gregor Geršak, PhD) were made
to confirm the concept including a cross-section of the
proposed glasses (Figure 1). These pointed out a
necessity for adding a cooling system on top of the
components as well as the fact that the miniaturization
necessary for manufacturing such glasses would require
extensive development and investment. To enable
effective cooling of the electronic parts the top side of
the casing was perforated (Figures 1 & 3). The
perforations were then designed to extend inwards in a
set of cooling ribs.
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Figure 1: Front & side cross-sections of the final iteration of
smart glasses.

The interface displayed 6 basic emotions (happy,
surprised, angry, afraid, sad, disgusted) and ‘neutral’ to
show the degree to which they may be absent. It was
based on Ekman’s model of emotions, as it is currently
the most accurate and widely accessible for AI
recognition (Poria et al., 2017). It was also pointed out
as the most suitable by one of the users. The final
version of the dashboard (Figure 4) used a simple bar
graph to display valence and top three emotions. A more
elaborate radial version was originally proposed but was
rejected by the users as being too difficult to read. The
binary emotion valence (positivity/negativity of
expression) was added upon users request. As this
would only have 3 possible outcomes it seemed logical
they could also be communicated by vibrating of the
watch. An ascending frequency of the vibration was
proposed for a positive and vice versa for a negative
mood. This way the interactions would only be subject
to a minimum amount of disruptions as the user would
already be informed of the valence and would only
check the watch when requiring details.

proposed solution for increasing the effectiveness of
existing therapeutic interventions (Voss et al., 2019). In
order to continue the project the next step would be a
proof of concept by first using existing devices and
software (e.g. smartphone running a commercial
emotion recognition software). This way the
effectiveness of the concept could be tested with users,
making it possible to fine-tune it based on real time
interactions.
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Figure 4: Final iteration of the application home screen
showcasing a predominantly happy result of emotion
recognition.

CONCLUSION
Figures 2-3: 3D renders of the smart glasses (renders by Julija
Karas).

The prototype for the application was made in Adobe
XD making it functional in a way that users were able to
interact with the UI. Its main limitation was that it was
not able to display results of actual camera input only a
static image of a possible scenario. However it was
possible to test the UI with potential users and make a
number of iterations to the design. Colour psychology
was employed to determine the most suitable colours for
each element (Kovačev, 1997) (Elliot & Fairchild &
Franklin, 2015) (Trstenjak, 1996). ASPI society (Tina
Janežič, experienced in working with persons with
Asperger’s syndrome) was also consulted in the process.

In this paper the design process of developing an
intelligent wearable device for persons with ASD was
presented. The proposed solution would help users cope
with one of their major challenges in social interactions
by offering support with alexithymia and anxiety. The
results of the process are a concept for smart glasses and
a prototype UI for the smart watch application. The
latter is designed to translate the faces recorded by the
glasses into measures of 6 basic emotions and valence
using AI. The concept was based on directly addressing
unmet needs of the user population, which were
confirmed through preliminary research as well as
positive feedback from persons with ASD. The latter
were also engaged in a participatory design process.
Further research has also shown the potential of the
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THE EFFECTIVENESS OF DATA
PHYSICALIZATION

are variations of a line graph. Tangible Data Combs
takes inspiration from bar graphs.

temperature, humidity, CO2 and noise. Each box has a
label indicating the data type.

LECTURE DISKS

TANGIBLE DATA CURVERS

Figure 1 Lecture Disks

Figure 4 Tangible Data Curves

Lecture Disks is an artefact consisting of a set of disks
and a device which holds the disks together. All disks
that represent the data will be called data disks in the
rest of the paper. All data disks are penetrated by a
brown cardboard cylinder handle so that teachers can
rotate the data disks to compare. Each of the data disks’
four orientations constitutes a set of data. What each
orientation represents is shown in Figure 2.

Tangible Data Curves stem from line graphs. It is a
replicate of a line graph visualization cut out in
cardboard – one for each data type. Besides the physical
body, what is added is the annotation of the data type
and measurement levels so that teachers could get a
more precise view of, for example, the CO2 level.

FEIYIN WANG
IT PRODUCT DESIGN
UNIVERSITY OF SOUTHERN DENMARK
FEWAN18@STUDENT.SDU.DK

ABSTRACT
Data physicalization is a novel method for
engaging users in understanding big data. How
does one increase the effectiveness of encoding
data in Data Physicalization? In this paper, I am
going to use three mock-ups that reveals three
perspectives to answer previous question: Data
Context, Data Comparability and Data Readability.
It will hopefully shed a light for other researchers
to experiment deeper in this field.
INTRODUCTION

Data visualization is employed in a many science
research fields, such as telemedicine (Galletta,
Carnevale, Bramanti, & Fazio, 2019). However,
visualization has a physical constraint – people cannot
touch the data (Jansen, Dragicevic, Fekete, &
Evaluating, 2013). Data physicalization is an emerging
field that brings the advantage that its touchable nature
might reveal more perspectives. However the
effectiveness of encoding data in physical form is an
issue that Jansen and other researchers have proposed as
one of the main questions on their research agenda.
(Jansen et al., 2015) By effectiveness of encoding we
mean how designers can encode data to a level so that
recipients will understand it.
This paper is based on a public-private-innovation
project conducted by three partners to improve the
indoor climate in primary schools in Southern Jutland.
Three Danish municipalities provide access to several
primary schools. One of these two private companies,
‘MOE Engineering’, measures indoor climate in three
class rooms in each school. The other company,

‘CLEAN Tech Cluster’, organize group interviews with
teachers in each school.
MOE measures indoor climate in terms of temperature
level, humidity level, CO2 level and noise average.
MOE set up sensors to measure these parameters in
multiple rooms in our case school Christianfeld1.
Sensors were operational for a few weeks before we
(researchers) engaged in the project.
Parameters are one part of indoor climate, besides that,
the other important factor is how people perceive indoor
climate. That is where we as design researchers come in
play. In this research, we prepared both Data
Physicalization and Data Visualization to engage
teachers in thinking about their own indoor climate. The
purpose was to see if teachers were able to link their
experience of indoor climate with what the
measurements actually said. To analyse variations in
indoor climate curves is almost impossible without a
precise knowledge of context and practices of the
teachers. To prepare for the Data Physicalization, we
obtained data from MOE recorded in the week before a
focus group interview with the teachers. From there, we
made Data Physicalizations in the hope the teachers
would still remember their activities from last week.
In this paper, we use this experiment to reflect on how
to increase the efficiency of encoding data in Data
Physicalization. By comparing all the data, three new
perspectives are proposed to look at how to improve the
efficiency of encoding data. After that, we have done
experiments using figure 9 with another 5 teachers
which is not explicitly discussed in this paper. But
figure 9 should be a good illustration of the future
direction we are aiming at.

Figure 2 Orientation of Lecture Disks

Unlike an ordinary line graph, regular clock-time is
broken into lecture periods in the school schedule. In
this way, we hoped teachers may easier relate to the
data disks since they possibly remember what they did,
for example, in a Danish class rather than what they did
at 10:22 am.
We designed the Lecture Disks to be touched and even
be taken apart to compare by hand. We also expect that
they would compare data from different lessons so that
it could engender an interesting conversation.
TANGIBLE DATA COMBS AND TAGIBLE DATA CU

THE EXPERIMENTS

The focus group interview was organised at
Christianfeld School in Denmark. There were three
teachers, one janitor, two managers from CLEAN
Cluster Tech and three researchers from our university.
Firstly, the three teachers were introduced to the
visualization of data. With the guide of managers from
CLEAN and researchers, they pointed out and elaborated
on what has happened based on the visualization of the
data. Then the same group of people were introduced to
the Data Physicalization with visualization aside as a
reference.
During the facilitation of Data Physicalization, I
facilitated the conversation around the Lecture Disks,
Jacob introduced the Tangible Data Combs and
Christina worked with the Tangible Data Curves. We
each had one teacher for the discussion. The goal of
facilitation is to engage three teachers in the
conversation of comparing data by using the Data
Physicalization we made.
We video recorded the explorations with all three Data
Physicalizations. We then analysed the video for both
verbal and non-verbal information. By doing post-its
clustering, three perspectives are revealed which will be
discussed later.

HOW PARTICIPANTS ENGAGED

THREE DATA PHYSICALIZATIONS

We developed three Data Physicalizations which we
called Lecture Disks, Tangible Data Comb and Tangible
Data Curves. Lecture Disks and Tangible Data Curves
Figure 3 Tangible Data Combs

Christianfeld school is a primary school located in the
southern part of Denmark

Tangible Data Combs is a physical replicate of a bar
graph. It was separated into four boxes which represent
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DISCUSSION

Figure 5 Playing with disks

While on surface it looks as if everything failed in our
experiments, three aspects are interesting to discuss Data context, Data comparability and Data
readability.

Participants (Left to right)
03:18 Susanne does not dare to comment
S: I don’t really know what is happening to the
classes, so it is a bit difficult to answer.
L: Is it because you only have some of the tasks?
S: Yes, exactly! I only know what is going on in my
own classes, in my own lessons. So, I would not
dare to comment what they do in their class.
F: But, can you have a guess?
S: I know that in history they watch a lot of films, so
they use the projector very much.
F: So you think the projector produces a lot of CO2?
Transcript 1 Susanne explains why it is difficult to talk about other
teachers’ classes. Feiyin (F) researcher, Chalotte (C) Manager from
CLEAN, Susanne (S) 7th and 9th graders teacher

When challenged to explain about the Lecture Disks,
Susanne was hesitant about discussing other teachers’
classes than her own.

Figure 6 Compare Tangible Data Curves

01:46:4 Ulla cannot see how to use Data Curves
U: It is really hard to compare (she tried for a while, but
she still cannot see anything. Because of that, she was
awkwardly smile and avoid eye contact)
Transcript 3 Ulla cannot see anything from the Data Curves. Left to
right Chistina (C) researcher, Ulla (U) pedagogue, Finn (F) Janitor
from Christianfeld school

After the first try, Ulla almost never touch the Tangible
Data Curves again and she started to answer questions
by recalling her impression about different classes
instead of looking at the data to verify it. Tangible Data
Curves offered too much information and they covered
each other.

We pre-assumed that time in teachers’ context means
classes they teach. That is why although Susane didn’t
‘dare’ to comment on other classes’ activities, she still
knows what happened in her own class and can guess on
other classes.
04:06 Susanne didn’t find the exact time
S: Then it is also about what time of the day history
class is. (pointed out to the disk and then quickly
look back to the visualization to check)
05:00 Susanne don’t know where to start to read
F: It start from this time, right? It is quite low
compare to the end.
S: I thought it is other way around

Figure 7 Tangible Data Combs. Left to right: Jacob (J) researcher,
Lotte (L) Manager from CLEAN, Pia (P) 5th graders teacher

Since Pia has the visualization in hand, she was looking
at visualization instead of the Tangible Data Combs
almost the entire time.

Transcript 2 Susanne is not sure how to read the data

Susanne failed on finding the exact time history class is
on the Lecture Disks. That means there is no clear sign
on the Lecture Disks helping her to identify the time.
Besides the time, she also didn’t understand the
orientation of the Lecture Disks. Therefore, she didn’t
know if she should read from left to right or right to left.
During the entire 10 min interview, Susane only
touched Lecture Disks once. That means the initial idea
about letting teachers touching the Lecture Disks failed.
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Figure 8 Tangible Data Combs were taken out

Once Jacob saw that Pia was looking only at the
visualization, he tried to take out the Tangible Data
Combs and to bring Pia’s attention back to the Data
Physicalization instead of visualization. However, Pia
still chose to look at the visualization.
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In Lecture Disks, the teacher could relate to the Data
Physicalization, because the time unit is one lecture
instead of clock time. In the other two experiments
teachers cannot relate to Data Physicalization very well,
as they cover a full day or arbitrary clock hours.
Therefore, to increase the effectiveness of encoding
data, one should put data into Data context so that it
can trigger more active perception. For example, in the
school context, time in teachers’ minds are counted in
classes instead of precise clock time. In other contexts,
different data can mean different things for different
people, for example, for nurses, time may mean the
patients that they need to take care of. Therefore, it
would be a good idea for future researchers to think
what the data means in specific context so people can
relate to that easier.
In both Tangible Data Combs and Tangible Data
Curves, teachers have trouble with knowing what to
look at. There is no clear break-down in the Data
Physicalizations that teachers can navigate on in
Tangible Data Combs and Tangible Data Curves.
Overwhelming data cause them stopping trying to use
Data Physicalizations and using Data Visualizations
instead since it seems more familiar to navigate and
understand for them.
One should therefore make Data Physicalization more
comparable by, for example, using transparent acrylic
material in Tangible Data Curves. Data comparability
can cover many aspects of design. It can also be the
colors that differentiate different classes in the Lecture
Disks case. There is probably issues with annotation
visibility. In Lecture Disks case, class names are
engraved on the data disks, however, the teacher still
would like to have classes being colored instead of
engraved. That being said, the tools we use to increase
the comparability might have a hierarchy in terms of its
effectiveness which can also be researched upon by later
researches.
One thing that has emerging during the reflection is the
Data readability. Examples for that in our experiments
are the reading direction issue in Lecture Disks case and
the compact data issue in Tangible Data Curves and
Tangible Data Combs. One cannot read the data
correctly if one cannot understand the orientation of the
data, Figure 2. Besides that, when data are presented
compactly without being broken-down, it is hard for
people to navigate and know where to look, as shown in
the Tangible Data Curves and Tangible Data Combs
cases. In both cases, teachers paid more attention to the
Data Visualizations than the Data Physicalizations
although facilitators have tried to bring their attention
back. Comparing to the Lecture Disks case where

teachers are more engaged with less compact data, it
indirectly indicates that data compactness influenced
data readability. Here it might shed a light for later
researchers to pay attention to the visual hierarchy of
Data Physicalization. Namely, the first thing comes into
eyesight should be readable.
For next generation of Data Physicalization, it will be
similar to this form.

Figure 9 Next generation of Data Physicalization

All in all, we still believe Data Physicalization has great
potential for ordinary people to understand data, but to
increase the effectiveness of encoding data, I propose
three aspects for further research: Data Context, Data
Comparability and Data Readability. By researching
them, it can bring a clearer understanding of how to
effectively encode data when making Data
Physicalizations.
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ABSTRACT
Artificial synesthesia, which in Greek means
perception (aesthesis) and together (syn), is the
phenomenon, where one sense is being felt through
another sense, through a cross-modal mapping
device. Inspired by this we developed a sensory
augmentation device. We looked into visionimpairment to consider the social and functional
requirements of a vision-free device. According to
the World Health Organisation (WHO) more than
1.3 billion people in the world today are vision
impaired, but the technology to aid them in
navigating is not only limited, but often requires
compromises. Canes, for example, occupy the
hand. They also signify the disability, which can be
either useful or problematic. Our speculative
prototype, Wearable Synaesthesia, uses haptics to
enable vision-free navigation. Gold-leafs are used
as on-skin electronics, in a move towards to
aesthetically refined wearable whose functionality
is completely hidden. While suitable for use by
blind people, Wearable Synaesthesia should not
only be associated with disability, but rather seen
as a super human power, a sixth sense.
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INTRODUCTION
Transhumanism and disability:
Artificial Senses are described by the Cyborg
Foundation (2019) as an intelligence created by humans
but with stimuli collected by technology. It enhances the
human capabilities, in contrast to AI, where machines
generate the intelligence. Continuing on the
transhumanism as a cultural movement, our paper is
based on Transhumanist FAQ’s (Humanity+, 2019)
description of transhumanism, where they “affirm the
possibility and desirability of fundamentally improving
the human condition through applied reason, especially
by developing, and making widely available,
technologies to eliminate aging and to greatly enhance
human intellectual, physical, and psychological
capacities” (Humanity+, 2019). Disability proposes an
interesting perspective towards transhumanism. It can
be a part of a person's intrinsic self-image, where a
solution is not the desired outcome. Chislenko states:
“As humans developed sufficient intelligence to embark
on the long journey of supplementing their convoluted,
undocumented and structurally inflexible biological
bodies with intentionally designed extensions.”
(Chislenko, 1995). We propose that disability opens a
possibility of easier enhancement and extensions of the
existing senses, that often get intensified when a person
is disabled. Design for disability can be used as a
pathway to create new tailored experiences.
Aesthetics and disability
Design for disability often focuses on problem solving
by using technology as the solution (Cherney, 1999).
This can result in a downgrade in the aesthetic aspect of
the design, as Wilde and Marti state in their study “The
resulting technologies may conform well to medical
needs, but they often neglect complex aesthetic needs of
the individual” (Wilde and Marti, 2018). Furthermore,
wearables, e.g. clothing and accessories, can have a
social, cultural, psychical and psychological functions
(Wilde and Marti, 2018). By combining technology and
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aesthetics, one could hope, that disability design can go
beyond being only a helping device and become an
aesthetic choice, which not only empowers the disabled
in a social context, but also acts as a step towards
further exploration within the aspects of transhumanism.
‘Human-Echolocators
In our project, we used Human-Echolocators as the
main inspiration for our prototype. Through literature
surveys it is estimated that 20-30% of blind people use
echolocation as a navigation. By making sonar
emissions, e.g. mouth clicking and tapping cane, the
sound that is sent out will reflect back according to the
distance and material (Thaler, 2013; Thaler and
Goodale, 2016). Other studies show that using
echolocation as a blind person, e.g. neuroimaging, such
as functional magnetic resonance (fMRI) or positron
emission tomography (PET) detects activity in the
visual cortex, that normally lights up when a sighted
person is using their vision (Thaler and Goodale, 2016).

previous interfaces (Gallace and Spence, 2010). For onskin adhesive output we looked into DuoSkin from MIT
(Kao et al., 2016) and their process of creating an onskin interface with gold-leaf as a conductive material.
As a part of our Research Though Design Process (RtD)
we developed our speculative prototype. Though a
dynamic process, with ideation, prototyping, and usertesting, we were constantly redesigning and reflecting
upon the design and functionality of the wearable. RtD
can be used as a tool to reflect for designing the future
(Zimmerman and Forlizzi, 2014).
DEVELOPMENT - PROCESS
In this project our aim was to create a functional
speculative design prototype. We developed the two
prototypes though testing sensations and material
explorations.
Testing sensations

Furthermore, in a survey study, researchers found that
blind people who use echolocation not only have a
higher tendency to navigate in unfamiliar places, but
also have higher salaries than blind people that navigate
without echolocation (Thaler, 2013). This indicates that
echolocation improves quality of life and enriches social
contribution of the visually impaired.

Based on neurophysiological knowledge within the
primary somatosensory cortex, which represents the
tactile perception of the human body, we used a
somatotopic maps, also referred to as a homunculus.
The mouth, hand and fingers are the most sensitive
areas, which also correlate to the size of the cortex that
belongs to those parts (Bear et al., 2007).

In our project we explore methods of sensory
substitution from both a design and social perspective.

The forearm was chosen as the test area, due to
functionality, aesthetics and the sensitivity.

In this project we especially focused on tactile-vision
sensory substitution. Studies about tactile-vision sensory
substitution (Bach-y-Rita and W. Kercel, 2003) have
showed positive results when transmitting a picture
from a camera or a sonar device into a vibrational or
electrical tactile signal through mediation of different
skin receptors on the body. For the potential design of
the future prototype, and to understand the distances
better, we looked into Tacttoo, where Horvath et al.,
(2014) tailored a design of small silver electrodes
combined with the adhesive for use on the forearm.
They used 4 × 2 array of taxels with an increased
electrode spacing of 9mm to match the lower tactile
acuity of the forearm (S. J. Lederman et al. 2009). The
diameter of each electrode is set to 5mm, similar to
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Lastly, we addressed the social encounter of a nonfunctional on-skin embodied wearable - jewellery piece.
The first prototype was tested out as a part of the
everyday outfit. The people that interacted with our
user-tester didn’t raise any questions towards the
prototype, and it seemed to be socially accepted.
While developing our speculative prototype, we were
trying to cover several aspects within developing a
wearable, by addressing both fashions, the social
aspects, medicine and technology and thereby
approaching a business market that is not yet fully
explored.

(P = Participant, I = Insensitivity, T = Tingling, F = Fingers, Pa =
Painful, U = Uncomfortable)

Material exploration

Figure 1: User-testing for optimal focus points: Placement of
vibration motors and TENS unit.

Transcutaneous Electrical Nerve Stimulation (TENS)
units, which is a battery driven device used for pain
relief, was tested on the skin as a possible sensational
output (table 1). We decided not to use TENS units for
further exploration, due to the discomfort that the testsubjects experienced. On the contrary, user-testing of
vibration motors - Ø 12 mm (figure 1) was described as
a pleasant sensation. The motors were placed on
different focus points on the forearm to find the ideal
placement. During the testing, two issues arose; Firstly,
the participants reported a numbness from the motors, in
our case, a couple of seconds to minutes, which can be
explained due to the strong vibration of the motors.
Secondly, the placement of the motors had an impact on
the test person’s ability to distinguishing between the
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P1

was embedded around flexible wires of vibration motors
and a sonar sensor into a sleeve design. The sonar was
coded to detect two different inputs and translate it to
one of the two motors. Respectively, the distance of an
object, e.g. moving towards a wall, and if an object was
moving, e.g. a car passing by. The prototype was
functioning with one sonar, which detected the emission
in front of it.

Table 1: User-testing of TENS units

BACKGROUND

Artificial sensory substitution in Human Computer
interaction (HCI), can occur across different sensorysystems. Sensory substitution studies have demonstrated
that the capacity of the brain to adapt to information
relayed from an artificial receptor via an auditory or
tactile human–machine interface (HMI) (Bach-y-Rita
and W. Kercel, 2003). The term otherwise known as
Brain plasticity, have been defined as “the adaptive
capacities of the central nervous system – its ability to
modify its own structural organization and functioning”
(Back-Y-Rita, 1990).

sensation of the two to four motors. This may be both
due to the diameter of the vibrator, and differences in
the human anatomy, e.g. the placement of tendons and
nerve endings. Though user-testing, we discovered that
vibration on the index- and middle finger, and on the
wrist and middle arm, was the most ideal placement for
the motors, in order to separate the sensations from each
other (figure 1). The size and distance between the
vibration motor had to increase proportionally in order
to distinguish the two motors.

2

Various types of materials were explored during the
making of the prototype. The material exploration was
based on different parameters such as: aesthetics,
conduciveness, flexibility, customization and social
acceptance. Silicone and 23,75 K gold- leaf met these
expectations. The gold-leaf was tested as an on-skin
conductive material (Kao et al., 2016) that can be worn
as a temporary tattoo. The gold leaf had two purposes:
Firstly, to function as a conductive material between
input and output and 2) to enhance the aesthetics. By
non-gender specific user testing, we discovered that
gold was a popular choice of material and was accepted
in social settings. Silicone was the second choice, which
is a flexible material, e.g. used in soft robotics, and can
be made into a variety of shapes and different thickness.
Both of the materials support customization and can be
used in designing an aesthetic speculative prototype.

Figure 2: Gold necklace with a vibration motor, activated from sonar
emission.

.
Figure 3: Concept drawing

DESCRIBING THE PROTOTYPE
In the first prototype (figure 2) we combined the goldleaf with a vibration motor into an adhesive vibrating
jewellery piece. The second prototype (figure 3) consist
of two vibration motors on the forearm and a sonar
sensor on the palm of the hand. Furthermore, silicon

Figure 4: Silicone prototype from

DISCUSSION
In the following, we discuss the social impact of
designing assistive devices for people with disabilities.
If we look at the people with disabilities, supplementing
their missing parts or senses is something that modern
technologies are far from successfully providing. What
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modern assistive devices are still missing, is a social
impact in perception of an assistive device (Pullin,
2009). Why are we designing assistive devices? Why
are we calling it design for disability? We are proposing
an idea of designing in another way to create
experiences with a potential that there is an actual need
or curiosity for. What our existing senses are providing
us is a unique human experience tailored accordingly to
an individual human. If we are missing one, we are not
necessarily lacking the experience, but experiencing a
unique one. In our project, we are trying to look at the
process of designing for disability from different
perspectives than those of assistive devices. One could
ask: What happens “When the issues around disability
catalyse new design thinking and influence a broader
design culture in return (Pullin, 2009). What are the
successful examples of design for disability? The only
mainstream one that became culturally and socially
accepted is the one around eyewear. Glasses became
much more than a helping aid; they became a personal
extension of the body. With eyewear, the perspective
shifted from a medical to a social one. (Pullin, 2009).
CONCLUSION
Based on user-testing, we are proposing using
echolocation as an input, gold leaf as conductive
material and electro - vibration as an on-skin output.
The functional prototype, Wearable Synaesthesia, can
be used as a basis for further creation of a fully
functional on-skin wearable. Throughout the process,
we discovered that shifting from a medical design
model into a social one can be beneficial in the future of
the design for disability and de-stigmatisation of the
individuals with the visual impairment.
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EDUCATING

How can we design small devices and interactions
that enable us to change small daily behavior and
that enhance self-awareness?

— Lukas Bjørn Leer Bysted, Rune Møberg Jacobsen, Anne Ellegaard Christensen
and Patrick Skov Johansen
(20) The Forestbox: Probin Smart-Phone use in a group setting
— Lukas Bjørn Leer Bysted, Rune Møberg Jacobsen and Patrick Skov Johansen
(21) Probing waste sorting with waste wizard
— Yiqing Bi and Xingchen Ye
(22) Using multimodal interaction as an auxiliary to enhance sex education
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ABSTRACT
Smartphone use can become problematic in social
settings, especially if participants are not aligned
on how they should manage their focus. In this
paper we explored the dynamics of mobile phone
use with two groups of 1st year university students.
We introduce the ForestBox, a technology probe
enabling groups to enforce a Smartphone use
policy, with an intention to foster discussion and
reflection on mobile phone use. For a two-week
period, the participants used the ForestBox in their
daily practise. We recorded daily reflections and
quantitative usage data, which informed two focus
group interviews at the end of the study period. We
present our findings around use of the ForestBox.
INTRODUCTION

The question of technology’s role in the general
wellbeing of people is a budding area of research, which
has not yet found a clear home in the HCI community.
One area is the work on ‘Positive Computing’ (Calvo
and Peters, 2015), a cross-disciplinary field defined as
the “design and development of technology that
supports wellbeing and human potential”. Recently at
the CHI19 conference (Cecchinato et al., 2019) invited
for a workshop on the research and design practise of
‘Digital Well-Being’. On the HCI practitioner side, we
notice major tech companies introducing tools for users
to understand and self-regulate their technology use, as
evidenced by (Google Digital Wellbeing, 2018) and
Apple’s suite of Screentime tools (Apple Screentime,
2018).

AALBORG UNIVERSITY
DEPT. OF COMP. SCIENCE

expectations of technology use with other real-life
social participants? We believe that this is also worthy
of study in Human-Computer Interaction (HCI).
In this study, we focused on smartphone use in group
work settings. What happens when a group must make
decisions about their smartphone use? We introduced a
technology probe that encourages groups to negotiate
and reflect on their use of smartphones in a group
setting. The study was conducted in a field setting for a
duration of two weeks. 2 full-time study groups
participated in the study, in which they for 10 days used
our ForestBox technology probe. During the study, we
gathered data through questionnaires and use data,
which informed the direction of two final focus group
interviews.
Surprisingly to us, the focus group interviews primarily
revealed reflections on individual phone use rather than
group use. We present our findings related to the use of
the ForestBox, and also present participants’ reflections
on smartphone use, importance of notifications and
leaving their phones.
Being a very early and open stage of the research, we
propose three distinct directions that new technology
probes could take, by visualizing shared outcome,
designing for flow, and designing for shared
mindfulness.

METHOD:
The model on the next page introduces the study design
(see Fejl! Henvisningskilde ikke fundet.). For each
participating group of students, we had an introduction
session on day 1, a follow-up session on day 5, and a
debriefing session on day 10. Participants were
prompted to use an online diary daily, and log data was
retrieved from the Forest app. These helped inform a
final focus group interview. Our findings are derived
from data gathered during the focus group interview.

These efforts focus on developing tools and designs that
can help the individual. But how can we design
technology that allows users to negotiate their

1
78

SIDeR‘19 - Student Interaction Design Research Conference , Muthesius University of Fine Arts and Design, Kiel, Germany

Figure 1: An overview of the study design. The technology
probe was deployed on day 1 (Monday) and the study
lasted for two weeks as marked by the turquoise boxes.
The study was actively running during the regular
working days (Monday-Friday).
PARTICIPANTS

Two groups of six 1st semester Interaction Design
students (3 women) were enlisted to participate in this
study. The participants were 19 - 22 years old. Five had
previously been enlisted at a university education (3
from one group and 2 from the other). Their selfevaluation of Social media (SoMe) consumption
showed a mean of 3 hours of use per day, distributed
among 3 different services (Facebook, Instagram,
Snapchat).

Figure 2: Screenshots from the Forest app showing the
timer window (left) and an overview window (right).

The ForestBox (see Figure 3) is a physical enclosure for
storage of a groups’ smartphones. Inside the ForestBox,
a soft green grass-like carpet covers the walls to reduce
the noise from vibrations and notifications and give an
aesthetic connection to the Forest app. Additionally, the
ForestBox features a smartphone divider made of hard
foam to avoid scratching and allow for easy and safe
placement and retrieval of the smartphones. Externally,
the box was given a white coating to minimize its
presence in the participating groups work spaces.

TECHNOLOGY PROBE: THE FORESTBOX

The method of technology probing is an established one
within the field of HCI (Hutchinson et al., 2003). Here
technology probes are defined as “instruments deployed
to find out about the unknown, to hopefully return with
useful or interesting data”. In our study, our primary
intention was to understand how groups would react on
having to negotiate their smartphone usage. Our goal
was to create a setting in which the groups could
collectively decide not to use their phones for a specific
amount of time. For timing these focus sessions, we
introduced the ForestBox, consisting of two parts: part
1) - the Forest app and part 2- the ForestBox. To the
participants, we introduced the two components as one
whole concept, but for the reader, we introduce each
element separately:
The Forest app (see Figure 2) is a smartphone
application that allows users to render their smartphone
unusable for a given amount of time (Pi, 2018). This is
initiated by “planting a digital seed”. As time goes by,
this seed will gradually grow into a tree. However, if the
user cannot resist the temptation of using their phone
and leaves the app, the tree will wither. The Forest app
has multiple duration steps from 10 to 120 minutes. The
longer the duration, the larger the reward. The app also
rewards with a currency (coins) each time a tree has
been planted. They can be exchanged for different
rewards, from aesthetic skins to actually planting a realworld tree.

2

Figure 3: The ForestBox, enabling a shared action of
stowing away smartphones.

FINDINGS
Focusing on what we learned about the use of
ForestBox, we present our general observations and
continue with more specific findings.
GENERAL OBSERVATIONS

There was a clear difference both between groups and
within groups in usage. Group 1 had both more use,
more active participants and were actively using the
setup for more days. Some of the explanations given for
non-use included the groups having to attend lectures, a
group member being ill and not attending group work
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sessions, and for some participants not having been a
part of the initial briefing session.
Group 1 (G1)

Group 2 (G2)

Total time spent

103 hours

35 hours

Participation

6 out of 6

4 out of 6

Active days w1

5/5

4/5

Active days w2

3/5

2/5

Median:

120 minutes

85 minutes

daily use
Table 1. Overview of PhoneBox usage. (Participation
means that a member simply has participated at least
once. Active means that a group was active for at least one
session on a given day.)

Both groups would use the ForestBox during both
during group-oriented work (discussions, shared
analysis) and distributed research, design and writing
tasks. It was given a place in their workspace – G1 put it
at the end of their tables, the G2 had it on a shelf close
to the door.
Across both groups we saw a pattern in which their
longest sessions (60-120 minutes) were initiated and
ended before noon. For both G1 and G2, the first
session of the day had the function a shared starting
point, which would begin when every group member
had arrived and prepared their app. A participant from
G2 explained the idea of planning together, then
executing: “Now, we have planned what we do, let’s put
our phones inside [the box]”. Together, the group
would decide on a time (60 minutes for one group, 120
minutes for the other), and would then commence the
tasks for the given day. Sessions past noon were shorter
and fewer. One participant explained that it was harder
to dedicate focused time in the afternoon, explaining
“We don’t want to put our phones away if we aren’t
sure when we will be done.”. This explanation was also
given from G1; that they might finish earlier than the
phones would be available, and were more reluctant at
planning: “We might have to kill the trees because there
is no more work to do – or we wouldn’t be able to have
an early leave!”.
Both G1 and G2 mentioned that the use of the
ForestBox had at times helped them in achieving a
better level of focus in their group work sessions. A
participant from G1 mentioned that “It can help gather
people around a task for a period of time. There is a
symbolic value in putting away the phone”. Another
participant from G1 mentioned that “It has been fun to
notice how we have been putting a shared focus on our
project. There is something nice about intentionally
devoting an hour of time together”. Still, the focus
wasn’t perfect, e.g. by a participant from G2: “I’ll often
find distractions elsewhere. My computer is still
distracting, I would still at times check for new
notifications on Facebook”.
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FORGETTING YOUR PHONE

Describing use patterns, both groups reported that they
would at times forget that their phone is in the box –
meaning that sessions extend beyond the initial set
times. A participant from G1 mentioned that “you have
to get past the duration in which you worry about your
smart phone – and that this duration would have to be
at least an hour long”. A participant from G2
mentioned that “an hour would be a very long time to
stay focused!”, but G2 had also experienced situations
where they had kept the focus for over 60 minutes.
Participants from both groups also mentioned that
simply knowing that a session was close to ending (e.g.
remembering the start time and the end time) would
spark curiosity towards checking smart phones in the
period leading up to the end.
DISCOMFORT AT NOT BEING CONNECTED

Some participants had a negative experience of stowing
away their phone. From G1, a participant explained that
he had often grabbed for his phone, become worried that
he had lost it, and then remembered it was put in the
box. This is a type of unconscious behavior in which the
reflection occurs later. A participant from G2 expressed
discomfort at leaving the group work room with his
phone still inside the PhoneBox. First, he reasoned:
“It’s a valuable item –and that’s why I’d like to have it
close”. Asked whether a lockable, mounted PhoneBox
in a locked room would have made a difference, he
noted: “No, I guess it wouldn’t. I just really like having
my phone on me, so I’m connected”. Another
participant followed up: “It relaxes me to have my
phone available on me. It’s stressful to leave it in the
box, because you start thinking maybe someone has
been trying to get in contact with me”. These are
examples of how participants expressed discomfort in
not being connected.
RECEIVING (UN)IMPORTANT INFORMATION

Participants from both G1 and G2 reported that they had
not received any important notifications or messages on
their phones during sessions of use, as presented by a
participant from G1: “I know that I won’t get any urgent
information in my notifications, so I don’t expect to miss
anything. And I didn’t”. The box allowed participants to
reflect on the type of notifications they would receive,
showing a clear distinction between significant and
insignificant distractions. It also had an interesting
effect of participants recognizing vibration patterns in
the box, if they had not put their phones on silent mode,
as described by a participant from G1: “Sometimes
there would be vibrations and sounds from the Box. I
kept attempting to recognize if it was my phone or
someone else’s”. Participants from both groups
mentioned that any urgent messages would come as a
phone call – but it was also noted by G1 and G2 that noone had received any calls during a focus session for the
two weeks that the study lasted. One participant had
used it outside group sessions, and had received a phone
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call from her mother. This had resulted in a tree
withering, which she found to be okay.

DISCUSSION
The study was designed to be very explorative, as is in
the spirit of technology probes – simply using an
artefact to open up a domain. Still, we had quite clear
intentions when we designed and deployed our probe. It
was our expectation that we could elicit reflection
related to group negotiation and group dynamics. This
was the very reason for which we made the action of
stowing away smartphones tangible by introducing the
ForestBox. But we found that the general tone of the
reflections related to how the situation had impacted the
individual group members rather than the behaviour or
dynamic of the group. This is probably a result of both
the technology probe, the individual reflections in the
diary and the manner in which we conducted the focus
group interviews. It might also be related to the fact that
the smartphone is a very personal item, which to some
degree extends and reflects the user themselves. In any
case, it proved to be a difficult exercise to create a
technology probe that efficiently elicits reflections on
group dynamics with smartphone use rather than
reflections on the impacts on the individual.
DESIGN OPPORTUNITIES

Based on our initial exploratory studies, we propose
three opportunities for concepts that can be explored:
VISUALIZING SHARED OUTCOME

In the current setup, the Forest app registered only use
as an individual score. One could imagine other designs,
visualizing and quantifying the shared outcome rather
than the individual outcomes could also lead to a shared
reflection on the gains from a group regulated
smartphone use. This could either be as a daily goal
(keep the focus-element going every day) or as a score
that keeps incrementing (e.g. growing a shared score).
Designers could explore ways of displaying, moving
from the individual smartphones to visualizing the
shared group effort and progress.
DESIGNING FOR FLOW

Participants shared reflections on how they at times
forgot that the phones were put away, focusing
elsewhere for a longer time than originally planned.
This could to some degree be related to the state of
flow, which describes a state when a person is
completely focused on their work (Mirvis and
Csikszentmihalyi, 1991). Participants described that, if
they knew the starting time, they would begin to
anticipate getting their phones back and ‘reconnecting’
at the end of their sessions. As such, the notion of an
end-time could be a problem when trying to reach a
state of undisrupted flow. Designers could work towards
open-ended focus sessions, considering how a session
might end on a random timing.

4

DESIGNING FOR SHARED MINDFULNESS

Reflecting on our findings, we were intrigued by the
way participants described their smartphone
notifications as generally unimportant. On the other
hand, they can distract and potentially remove people
from a state of flow. Why then, do we accept them?
Inspired by individual notification management apps
such as Siempo (Dunn, 2019), designers could explore
how groups could negotiate and manage notifications.
What if every notification received by one group
member was broadcasted the PhoneBox, and the group
in common could decide whether they wanted to receive
these types of notifications during work sessions,
essentially performing both reflection and common
regulation?

CONCLUSION
We presented our study of the ForestBox probe,
including our method and findings. While we intended
for it to probe group negotiation of smartphone use, it
also brought back a large number of reflections on
individual use. We discuss how designers and
researchers might address the themes from our findings.

REFERENCES

Apple Screentime (2018). Available at:
https://www.apple.com/newsroom/2018/06/ios-12introduces-new-features-to-reduce-interruptions-andmanage-screen-time/ (Accessed: 12 May 2019).
Calvo, R. A. and Peters, D. (2015) ‘Introduction to
Positive Computing’, in Proceedings of the 33rd Annual
ACM Conference Extended Abstracts on Human
Factors in Computing Systems - CHI EA ’15, pp. 2499–
2500. doi: 10.1145/2702613.2706674.
Cecchinato, M. E. et al. (2019) ‘Designing for Digital
Wellbeing: A Research & Practice Agenda’, in Human
Factors on Computing. doi: 10.1145/3290607.3298998.
Dunn, A. (2019) Siempo. Available at:
http://www.getsiempo.com/ (Accessed: 25 May 2019).
Google Digital Wellbeing (2018). Available at:
https://wellbeing.google/ (Accessed: 12 May 2019).
Hutchinson, H. et al. (2003) ‘Proceedings of the
SIGCHI Conference on Human Factors in Computing
Systems, CHI’03’, Conference on Human Factors in
Computing Systems - Proceedings.
Mirvis, P. H. and Csikszentmihalyi, M. (1991) ‘Flow:
The Psychology of Optimal Experience’, The Academy
of Management Review. doi: 10.2307/258925.
Pi, S. (2018) Forestapp.cc. Available at:
https://www.forestapp.cc/ (Accessed: 12 May 2019).

SIDeR‘19 - Student Interaction Design Research Conference , Muthesius University of Fine Arts and Design, Kiel, Germany
81

PROBING WASTE SORTING WITH
WASTE WIZARD

WASTE WIZARD
Waste Wizard is an automatic self-sorting waste bin. It
utilises computer vision for detecting and identifying
individual waste items in order to automatically sort
them into two waste separations; general waste and
plastic/metal waste.

RUNE MØBERG JACOBSEN

LUKAS BJØRN LEER BYSTED

PATRICK SKOV JOHANSEN

DEPT. OF COMP. SCIENCE

DEPT. OF COMP. SCIENCE

DEPT. OF COMP. SCIENCE

AALBORG UNIVERSITY

AALBORG UNIVERSITY

AALBORG UNIVERSITY

RJACOB15@STUDENT.AAU.DK

LBYSTE15@STUDENT.AAU.DK

PJOHAN15@STUDENT.AAU.DK

ABSTRACT
Work from Sustainable HCI (SHCI) has attempted
to support users waste sorting by attempting to
persuade and educate people to correctly sort. We
explore the topic by introducing the automatic
waste bin, The Waste Wizard. The Waste Wizard
deployed as an artefact in a workshop on the future
of waste, engaging 15 garbage professionals.

and using technology to encourage recycling (CasadoMansilla et al., 2015).
But what if the systems just aren’t well suited to the
people that they rely on? It has been suggested that
researchers could benefit from framing their endeavours
“less as means of prescribing behaviour and more as a
kind of provocation or boundary object for eliciting
issues of sustainability, drawing on the literature in
open-ended reflection”(Brynjarsdóttir et al., 2012). We
believe this is an avenue that is worthy of exploring also
when it comes to HCI efforts in understanding and
designing for waste sorting.

Subsequently, the bin was deployed in a semipublic setting at a design studio. We share our
findings from both the workshop and from the
deployment of the artefact, and we contribute with
both concrete design insights and proposals for
how our work may inform future studies in SHCI
and waste management.
INTRODUCTION
Waste management happens in a complex system,
developed as a result of high-level policies and regionscale or national waste handling systems. In most
European countries, the task and responsibility of waste
sorting from households are placed on the individual
citizen. A 2013 report on Danes’ attitudes on waste
(Dansk Affaldsforening, 2017) described problems
related to citizen waste sorting, including: 1) variation
in the way municipalities expect their citizens to sort, 2)
lack of home waste management systems, 3) distrust in
the later stages of waste processing and 4) complex,
grey-area products e.g. packaging that is part plastic and
part paper.
In the previous decade, we see HCI work attempting to
persuade users to reduce their food waste production
(Thieme et al., 2012), educate users by giving feedback
on their behaviour(Lessel, Altmeyer and Krüger, 2015),

Figure 1: The Waste Wizard artefact. It is an automatic
waste sorting bin that can sort between general waste and
plastic/metal items.

In this paper, we explore how Research Through Design
(Zimmerman, Forlizzi and Evenson, 2007) can help the
HCI field develop in the domain of waste management.
For this purpose, we designed and deployed an artefact,
Waste Wizard. It was used as a technology probe
(Hutchinson et al., 2003) in two contexts; first in an
evaluation with domain experts, and second it was
deployed in a semi-public setting of a design studio, and
discussed with users in three focus groups. We present
our findings from both studies and discuss how they can
inform an alternative future of automatic waste sorting.
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Figure 2: Interacting with Waste Wizard. (1) Add waste, (2)
press button, (3) Optional: Check Waste Bin.

Waste Wizard was built as a provocation against the
idea that waste sorting should be the task of the
individual citizen. We deliberately designed and created
Waste Wizard with intentions to spark reflection of
waste practices and automation. We did this by
emphasizing certain aspects of automation: concealment
and minimal feedback. The intention is that this could
lead to a disempowerment, removing the authority of
waste sorting from users.
Concealment is about masking the inner workings of the
machine, creating a sense of non-transparency for users.
First of all, the entire Waste Wizard is covered in
Medium-density fibreboard (MDF) panels. A 3mm
spacing between the MDF panels may give a hint of the
sorting process, a design element intended to tease the
users’ curiosity. Second, we provided minimal feedback
to the user while interacting with Waste Wizard. This is
intended to constrain the user from understanding what
is happening inside the box. However, we were not able
to remove all feedback – the user will experience a
subtle mechanical sound when the waste is transported
to the bin, and a *clunk* sound as the item drops into
the bin. We expect that automatic waste sorting will
remove some of the hassle regarding disposal of waste,
but with that a feeling of disempowerment may emerge.
In Denmark there is no legislation aimed towards
incorrect waste sorting, and in that sense citizens of
Denmark have the power to decide whether to sort, and
how they would like sort. With Waste Wizard, the users
must let a device define how their waste is sorted,
incorrectly or correctly. Users can at any point check the
bins for how their waste was sorted and sort after their
belief. But who is actually in control?

STUDIES
We conducted two studies of Waste Wizard. In the first
study, we involved experts within the waste
management and recycling domain. In the second study,
we involved possible end-users of an automatic waste
disposal system. Our intention was to generate insights
based on two different perspectives as it may enrich our

2

findings and with the intention that findings may
correlate or conflict between these perspectives.
STUDY ONE: EXPERT EVALUATION

The first study was conducted at the Aalborg
Municipality, Centre for Green Transition, as part of a
larger workshop called “The Future of Waste”. The
workshop participants (n=15) were domain experts
(environmental engineers, urban planners) within waste
management from different municipalities in Northern
Jutland. The study took place in an indoor open area of
the municipality. The area was setup as a “marketplace”
exhibition area with three other Interaction Design
concepts on waste management. The participants were
divided into four groups of three and four. Each expert
group had one session of ten minutes at each design
concept, where the designers would shortly present and
demonstrate their concept. For the remaining time, the
experts discussed the concept. We collected data by
noting their opinions and reflections on post-it notes.
STUDY TWO: DEPLOYMENT

For our second study, we deployed the Waste Wizard in
a design studio at the Department of Computer Science
at Aalborg University. It is an open workspace with six
work areas for 30 Interaction Design master students.
Occasionally, the area is used by staff, other students,
project participants and stakeholders. The area was
already fitted with shared bins for waste sorting. Waste
Wizard was deployed in the centre of the design studio
for a total of four workdays. We asked inhabitants to
begin using the device instead of the regular waste bins,
and also placed cardboard “lids” on the regular bins,
redirecting people to use our waste bin. We collected
data from three focus group interviews with design
studio inhabitants (3, 3 and 5 participants, total n=11) of
a duration between 30-45 minutes, with one interviewer
and one notetaker. We collected quantitative data of the
number of daily sorting operations and users as well as
how often each user had interacted with the device.

FINDINGS
In this section, we will present our aggregated findings
of the expert evaluation and the deployment in the
design studio. Through an iterative thematic analysis,
we found three overarching themes between the two
studies: (1) trust, (2) context and, (3) complex waste.
For the deployment study Waste Wizard was used a
total of 147 times, with a classification ratio for general
waste of 122/147 and 25/147 as plastic & metal. 10 out
of 11 participants had interacted with Waste Wizard in
the deployment period, 6 had interacted more than once.
In the following section, we refer to quotes from
participants by a notation describing S(Study),
G(Group), and P(Participant), i.e., a quote from
S2:G3:P1 comes from Study 2, Group 3, Participant 1.
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THE COMPLICATED NATURE OF TRUST

CONTEXT FOR AUTOMATIC WASTE SORTING

Trust encapsulates three dimensions of trust: (1) the
trust in the system, (2) the trust in own waste sorting
abilities and (3) the need to enact control.

In both studies, participants commented that Waste
Wizard is large and takes up a lot of space. This led to
reflections on the waste sorting context in general. One
expert group (S1:G2) keenly discussed how this system
could revive the old trash chutes in apartment buildings,
where one centralized sorting would take place in the
basement, and at the same time eliminating the
infrastructural problem of having multiple waste bins in
small kitchens. The idea is backed up by participants
from study 2: “It would be fantastic if it worked […]
and you could simply throw it out in the wall”
S2:G3:P5 as well as “Waste chutes are so nice! Would
be great if it was automatic” S2:G3:P1.

(1) Trust in the system was particularly important for
the participants in S2; at least one participant from
every focus group expressed that they had tried to figure
out how a piece of waste was sorted by peeking or
opening the bins afterwards. This is shown in the
following example:
“I checked the result through the cracks in the lid. I had
not trusted the system so far, but it kept getting the items
right. Today, I trusted the device and I didn’t double
check” S2:G3:P4.
This also shows how trust in the system can evolve,
especially for users who want to how that their waste is
sorted correctly. The experts’ perspective on trust was
derived from their years of experience within the
domain, knowing that packaging will often be deformed
or otherwise manipulated from its original state. As an
example, one expert tested the system by asking: “What
will happen if I crumble this bottle together?”
S1:G1:P4 and continued to crumble the bottle and put it
in Waste Wizard (still sorted correctly).
Regarding (2) trust in own waste sorting abilities, we
observed examples of participants in S2 questioning
their own waste sorting capability, expressed as:
“Today, someone put in a plastic bag and it went to
general waste. That seems wrong. But maybe it was
correct. I don’t know if it’s because I’m wrong or the
trashcan is wrong” S2:G2:P3.
This shows a friction between the judgement of Waste
Wizard and the judgement of the user. The participant
later mused over this friction:
“If we imagine that we transition to smart trashcans, we
might need some help for the transition, that it explains
what it is doing. That would help with the trust. It might
be correct every time, but I still want to know why it is
doing it” S2:G2:P3.
For the third dimension, (3) the need for control, we
encountered different perspectives from S2 and S1. The
experts had a system-view of the need for control. They
emphasized that it was important to prevent any
contamination of the recyclable fractions, as evidenced
by the comment: “A system should only place an item
as recyclable if it very certain that it is correct”
S1:G1:P1. This shows a need for control on a system
level. For end-users, there was not a need to enact
control when the Waste Bin was a shared bin. However,
when discussing having a Waste Wizard at home, at
least one participant in all groups commented that the
output of the device would be the responsibility of the
owner. In this case, some participants expressed a need
for control, enacted by physically moving a piece of
waste: “If it sorted incorrectly at home, I would move
waste to the correct bin” S2:G1:P2.

Two of the expert groups raised the concern that people
would not learn from using Waste Wizard, and that
feedback of how the waste was sorted was necessary as
it would never be possible to ensure an automatic waste
bin everywhere. A concern that is reflected in the S2:
“If that device should take over my waste sorting, it
would have to be implemented everywhere. I would
perhaps lose my natural sense of waste sorting if I don’t
do it regularly“ S2:G1:P3.
COMPLEX WASTE

Both experts and the rest of the participants agreed that
waste sorting is a complex process, however, our
findings show that the way experts address these
complexities differ in level compared to the participants
from study two. The experts had specific remarks
towards waste items they knew were of concern, e.g.
waste that is not “clean” or emptied properly, chemical
containers with warning labels as well as grey-area
products that consist of two or more components, that
should be sorted differently. However, one of the expert
groups stated that automatic waste sorting could
contribute to less contamination of recyclables, as they
imagined that incorrect sorting would still happen in a
systematic and consistent – and thereby predictable –
way. A general comment from the experts was on how
important it was to prevent any contamination,
supported by: “A system should only place an item as
recyclable if it very certain that it is correct” S1:G1:P1.
The participants of study two discussed waste at a
higher level as a complex concept in its whole. Waste
sorting rules changes based on location: “The waste
sorting systems can be confusing – at my mom's house
in [city1] there is one system and at my sister’s place in
[city2] they have a different system” S2:G3:P3. Two
other participants states that “Sorting is a burden in the
daily life” S2:G3:P2 and “Sometimes the Danish
systems stresses me out, with this [referring to Waste
Wizard] you don’t have to think” S2:G2:P1 showing
how the participants finds it difficult to adhere to all the
intricacies of waste sorting even though they are
motivated. Only one participant stated confidence in
sorting complex items, such as deconstructing
composite items into its separate materials before
disposal.
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DISCUSSION
TRUST AS A FACTOR FOR AUTOMATION

In the findings, we provide three dimensions of trust: (1)
trust in the system, (2) trust in own abilities, and (3) the
need to enact control. Interestingly, participants that
already were concerned with waste sorting stated that
they had checked and doubted the system, while
participants who were neutral about or didn’t waste sort,
also did not express interest in checking the system, but
would rather just expect it to work. This is simply an
indication from our findings and is not a finding we can
establish on a quantitative level. The first quote under
(1), demonstrates how a user would begin to trust the
system making the correct choice over time. While this
may be an effect of the ‘novelty effect’ fading off, the
quote was backed up by statements from other
participants. We could consider this situation as users
giving away control, as their trust in the system is reaffirmed through repeated use. As such, our findings
indicate that trust is an important factor when users
become accustomed to automated systems.
IMPLICATIONS OF AUTOMATING WASTE SORTING

In our findings, both domain experts and users worry
that introducing automatic waste sorting could have the
negative effect of making people worse at waste sorting.
This worry is based on an implicit assumption in the
current manual waste sorting system; by allowing
people to take responsibility for their own waste, they
are expected to acquire the necessary knowledge to
perform ideally. The worry is then, that citizens will no
longer be able master the intricacies of waste sorting
when the responsibility is shifted to automatic sorting.
We find this to be a reasonable worry, and we see how
this could be problematic in a situation where some
contexts provide automatic waste sorting while other
contexts do not. This suggests, that if we introduce
automation in one area of society, we must either a)
make automatic waste sorting ubiquitous, eliminating
the need for knowledge about waste sorting or b) ensure
that waste sorting is easy to understand and accessible,
so it can still be done by citizens when necessary. One
suggestion from S2 is to embed functionality in
automatic waste bins that explains how and why they
sort as they do, enabling the user to become better at
waste sorting even when using the automatic systems.

CONCLUSION
In this initial exploration of an automated waste sorting
future, we discovered themes circling three topics: trust
in automation, contexts of waste sorting and complexity
of waste. One finding that we found interesting is how
people can feel different degrees of responsibility for
how well the contents of a waste bin are sorted. In a
home setting, it is not hard to place responsibility on the
residents. In the shared setting of the design studio, this
responsibility became less clear for the inhabitants. For
4

a future study, we would like to sample and understand
different public contexts, where waste handling and
waste sorting can be experienced in a different way than
in a home or a shared space with clearly defined
inhabitants. We imagine that users’ motivation for waste
sorting and their notion of responsibility towards the
contents of waste bins could differ based on the contexts
they act in, and we propose that Waste Wizard could be
a suitable tool for engaging people as they dispose of
their waste in public settings.
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ABSTRACT

INTRODUCTION

Sexuality education plays a central role in
preparing a safe, productive and fulfilling life for
teenagers. We present a potential direction of
improving sex education by leveraging multimodal
interaction. To help users better understand this
field, this paper presents the problems of sex
education along with examples to illustrate the
potential for multimodal interaction application in
the field of sexuality education. Accordingly, the
design direction is derived by analysing the target
users and external causes. In order to verify the
correctness of the design direction, we present a
mini-survey including interview, data collecting
and data analysis. Lastly, we discuss the
consideration about concepts and future works.

Hence, Sex education can also be described as
“sexuality education”, which means it includes
education on all aspects of sexuality, including
information about family planning, fertility and
information. Consequently, sex education also covers a
board range of topics. We want to focus mainly on
sexual reproduction, puberty, sexual orientation, and
gender identity.

The whole human body is a huge database. To make
these data more intuitive in order to understand human’s
body and the process of human development has
become a hot topic. The key to opening the body
database is sex, the manual of the key is sex education.
In this paper, we choose multimodal interaction as an
auxiliary of sex education.
Sex education in school is not perfect. On one hand
pornographic sex education, which is actually totally
misinforming this generation about what real life looks
like, is taking place of the sex education in schools.
According to research in 2014 by the National Union of
Students (NUS), the majority of students watch porn to
learn about sex. They also reported that most students
don’t rate the information about sex that they receive in
schools as effective. On the other hand, boys and girls
often have some misunderstandings about themselves
and the opposite gender’s physiological changes. The
beginning of puberty is a period of profound change in
motivation, cognition, behavior, and social
relationships. Nevertheless, fears and instability caused
by these changes may make adolescents more
susceptible to mental disorders, for example anxiety and
depression, which can aﬀect cognitive development and
school performance. Approximately 5% adolescents in
Germany and other industrialized nations are diagnosed
with serious mental disorders in the course of time which is not a small number and the numbers of new
cases are rising steadily (Robert-Koch-Institut,2014).
To help adolescent better understand sex, we explore
potentials that can appeal to our target users. Through
our design, which is based on multimodal interaction,
users can achieve a gender exchange experience and
learn more about the process of sexual reproduction.

LITERATURE AND RELATED WORK
Leepson sees sex education as instruction in various
physiological, psychological and sociological aspects of
sexual response and reproduction. (Jeanette,2011)
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In the field of sex education, there are already many
designs that help children to understand sex. The Period
Game (Daniela Gilsanz, Ryan Murphy, 2016), which
won the Red Dot Design award in 2016, aimed to create
a game for users to learn and say words like “period”
and “tampon” without the usual discomfort and taboos
found in society (see Figure 1). Apparently, the game
itself is based on traditional board games, but the
changes in the external form injected new blood to the
game. This game allows users to really feel that period
is not shameful, which has changed some pointless
taboos from a psychological perspective.

the former has the advantages that it creates a better
scenario for the user to have empathy.
Multimodal interaction makes use of several input,
which can accommodate a wide range of users, tasks,
and environments (Sharon Oviatt,1999). Visualization is
good at bridging between abstract data and intuitive
representations (Rulei Yu, LeiShi,2018). However, it
tends to provide the big picture without details.
Similarly, voice can flatten a menu structure, providing
direct access to user requirements and compelling
excitement. On the contrast, it is too momentary for
users to keep a certain amount of effective information.
By combining different modes, optimizing the strongest
mode among them and individualizing the combination
of modes according to different factors, the drawbacks
of these models are gradually faded. Multi-modal
interactions are used in our project to create scenarios
that allow users to empathize while deepening their
understanding of physiological phenomena.

RESEARCH AND METHOD
QUESTIONNAIRE AND INTERVIEW

Based on the knowledge of the desk research, one-onone interviews and questionnaire were conducted in
several Gymnasiums (including junior high school and
high school) in Berlin. 8 teenagers were interviewed,
whose age is from 12 to 18. Recording and video
recording while the interview was also being conducted.
Figure 1: The Period Game ((Daniela Gilsanz, Ryan Murphy,
2016)

DATA ANALYSIS

After the questionnaire and the interview, the data was
analyzed. Only one participant chose to learn sexual
knowledge in the sex education classes (see Table 1).
Thus, most of the participants believed that sex
education classes are not an effective way to acquiring
sexual knowledge. They also mentioned in the interview
that the sex education class relies on the “boring” form
of books. In addition, many of them have already
acquired relevant knowledge online before the sex
education class, duplicate content is meaningless to
them.
Table 1: How do you get sexual knowledge? (Multiple choice)
Choices

Count

Column
Response %
(Base:
Count)

Column
Count%
(Base:
Responses)

Parents/family

4

50.0%

26.7%

friends/classmates

6

75.0%

40.0%

Sex education
classes

1

12.5%

6.7%

search online by
myself

4

50.0%

26.7%

Figure 2:Empathy kit uses augmented reality and candy to
help users better understand autism（Heeju Kim , 2017）

In medical field, Heeju Kim (2017) used candy to
rebuild the tongue experience associated with autism.
Kim created three tools and a mobile app as part of the
project called An Empathy Bridge for Autism (see
Figure 2). Headsets are worn on the eyes and connected
to the smartphone to change the user's perception of
them. At the same time, it simulates an oversensitive
hearing with a pair of headphones that amplify nearby
sounds. This project is a typical example of multimodal
interaction. Compared this project to The Period Game,

2

Hence, most teenagers chose to search online or
communicate with friends when they have questions
about sex, although they already had sex education
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classes. Only few participants chose to consult with
their parents (see Table 2).
Although participants also chose other options, 100%
believe that the concept of gender exchange is more
attractive (see Table 3). During the interview some
teenagers also mentioned in the interview that they tried
to dress up as another gender in their lives. This kind of
role play made them feel fresh and fascinating.
Table 2: Which ways would you like to choose if you have
questions or doubts about the contents of sex education?
(Multiple choice)
Choices

Count

Column
Response %
(Base:
Count)

Column
Count
%
(Base:
Responses)

ask parents

3

37.5%

18.8%

surf the
Internet

7

87.5%

43.8%

talk with
friends

5

62.5%

31.3%

talk with
teachers

1

12.5%

6.3%

don’t have
this kind of
questions.

0

0.0%

0.0%

Table 3: Which sources would you like to learn about the topic
of "Physical change in puberty"? (Multiple choice)
Choices

1.

2.
3.

Use the way that teenagers are interested to help
them know more about their body and sexual
reproduction in order to build confidence and selfesteem.
touch the inside of empathy, let them feel be related
help them to find their place in the gender role and
understand the opposite gender better.

CONCEPTS AND PROTOTYPING
CONCEPTS

We created 2 concepts, both of them can be summarized
to “a magic mirror”.
In Concept A, users can experience another gender in
the mirror through AR and VR technology (see Figure
3). By changing the timeline, the user can experience
the physical development of another gender. For
example, assume the user is a boy, he can experience
the female body development process in the mirror by
seeing his “breasts” and “pelvis” growing. At the same
time by using voice changer he can make a girl’s voice,
which provides a more immersive experience.
In Concept B, users can go through their future body
development by changing the timeline (see Figure 4). At
this stage, with the help of big data, we can simulate a
very real human growth process. In the future with
artificial intelligence, users can truly experience their
future in the mirror. Meanwhile voice changer can
simulate an adult voice.
The form is not limited to use a mirror in the real life.
The company Varjo has introduced an augmented
reality extension for its headset VR-1. This head set
record the environment and allow the user to see virtual
elements in the real world, which can help us build
various scenarios.

“publicly humiliating” the users, they can truly
understand physical and psychological changes from the
perspective of the opposite gender.

To combine the two concepts together, we developed an
App. The App is based on AR technology and is
designed for the user to achieve a gender exchange
experience. Users can choose the gender they want to
start the game. Through the phone camera users can
visually experience some impactful physiological
phenomena such as period on pants and morning
woodIn addition to this

DISCUSSION

Figure 6: User perspective (left: male user right: female user)

Based on the data and our interviews, the importance of
sex education is reflected in the development of
adolescents' physical and mental health. Additionally,
the interviews gave us a great insight to the issues in sex
education. Hence, how to make young people better
understand the changes in body development has
become our priority. It shouldn’t be ignored that
immersive multi-modal interaction experience must be
built on the actual needs of users, therefore, we need to
repeatedly let the teenagers use our prototype and give
feedback. However, does letting teenagers feel
interesting really means improving their cognitive
development of sex? How to balance the interesting
novelty and practicality is the direction of our future
research.

REFERENCES

Figure 7: Different scenarios (left: male user right: female
user)

Meanwhile, these awkward moments may occur in
different scenarios. Through the design of these
scenarios, audio material such as whispering sounds will
be combined with the AR view(see Figure 7). In
addition to this, a more interesting possibility will be
offered while the users interact with the phone. This app
can simultaneously control a camera behind the user.

NUS (2014) Student Opinion Survey
https://www.nus.org.uk/en/news/students-turn-toporn-to-fill-the-gaps-in-their-sex-education/
Robert-Koch-Institut (2014) Neue Daten zur Kinderund Jugendgesundheit aus KiGGS
De La Mare Jeanette, Primary award recipients,2011
Pereda, N.; Guilera, G.; Forns, M. & Gómez-Benito, J.
(2009) Ylirisku, S. & Arvola, M. (2018) Varieties
of Goodness in Design. In: P. Vermaas & S. Vial
eds. Philosophy of Design: An Exploration. Design
Research Foundations. Springer, pp.51–70

Count

Column
Response %
(Base:
Count)

Column
Count %
(Base:
Responses)

using App to
search for
information

1

12.5%

9.1%

playing
computer
games to learn

1

12.5%

9.1%

Sharon Oviatt (1999) COMMUNICATIONS OF THE
ACM November 1999

playing with
other friends

1

12.5%

9.1%

Figure 8: Audience perspective (left: male user right: female
user)

Jared Trawlerman, Adriana Olmos (2017), Defining
Multimodal Interactions: One size does not fit all
https://www.youtube.com/watch?v=fw27RFHP2

“exchange the
gender” to
learn more
about the
opposite
gender

8

100.0%

72.7%

Additionally, this camera can synchronize these
moments on the big screen for others to see. By setting
up the audience,the users can really feel the
embarrassed feeling of the opposite gender. By

RESULTS AND DESIGN GUIDELINES

In summary, the knowledge provided by the current sex
education classes is not enough to meet the actual needs
of young people. Hence, most teenagers prefer to
acquire knowledge online and communicate with
friends. Regard the results of the research, the
interaction goals can be:

Figure 3: Concept A

Figure 4: Concept B

PROTOTYPING
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[Accessed 7 March.2007
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Before prototyping, we created several scenarios to
simulate user experience. First, we created a virtual
character based on the personality and preferences of
the teenager in the previous interview, and develop a

Figure 5: User experience

Student Interaction Design Research Conference-SIDeR 2019, Muthesius University of Fine Arts and Design, Kiel, German

SIDeR‘19 - Student Interaction Design Research Conference , Muthesius University of Fine Arts and Design, Kiel, Germany

88

multi-modal interactive experience based on the
selection preferences of the virtual character (see
Figure5).

3

4
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EMPOWERING HUMAN

Our body sometimes needs additional empowerment to function. The papers presentedin this
slot are not expounding this as a problem, but as
an opporturity.

— Laura Angelica Raya Hernandez
(15) After stroke - one hand helps the other
— Katja Helmin
(44) Form emotional feedback for arm amputee to a superhuman?
— Helen Anders
(3) The Need of Abstraction in Interaction
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THE IDEA

AFTER STROKE-ONE HAND HELPS
THE OTHER
Figure 1: 5 different types of spasticity [3]

LAURA ANGÉLICA RAYA HERNÁNDEZ
MUTHESIUS UNIVERSITY

The device that was built, concentrates only on the isolated focal type of spasticity. More specific: Flexing on
the wrist-clenched fist.

OF FINE ARTS AND DESIGN
LALI.RAYA@HOTMAIL.COM

EMBODIMENT
ABSTRACT
A brain stroke occurs when the blood flow in a part
of the brain is blocked and after a short period of

BRAIN STROKE

healthy ones, such mimic-like method helps the pa-

Affected people can get many different sorts of disabilities from brain strokes which can vary from person to
person. This paper is going to focus specifically on one
type of disability: Paralysis, which is one of the most
common disabilities resulting from stroke. The tendons
and ligaments around the paralysed joint get fixed in a
position and patients often get pain for lack of movement. A passive training is fundamental for a paralysed
joint to prevent the pain. Patients can avoid using damaged limbs, however repetitive use of damaged limbs
stimulates the brain plasticity and helps reduce disability. The ability to adapt and change the brain is called
neuroplasticity. The damaged parts of the brain can
sometimes be occupied by other parts of the brain [2].

tients to improve the neuroplasticity of the brain.

POST STROKE SPASTICITY

time the cells begin to die. The treatments for a
stroke are divided in three stages: Prevention, therapy immediately after stroke, and post stroke rehabilitation. Therefore, a post stroke rehabilitation
is possible by using a product that helps patients
use their healthy hand to rehabilitate the other one.
The affected fingers copy the movements of the

INTRODUCTION
The results after a stroke can vary. Although a stroke is
a brain disease, it can affect the entire body resulting in
paralysis, numbness or weakness in a part of the body
among other things.
Pain is another result of a stroke and is often worse in
the hands and the feet. Europe has averages approximately of 650,000 stroke deaths each year and according
to the World Health Organization, 15 million people
suffer stroke worldwide each year. Of these, 5 million
die and another 5 million are permanently disabled.
High blood pressure contributes to more than 12.7 million strokes worldwide.
In developed countries, the incidence of stroke is declining, largely due to efforts to lower blood pressure and
reduce smoking. However, the overall rate of stroke remains high due to the ageing of the population [1]. It is
important to mention that there are also many factors

Embodied design is based on the embodied cognition
theory [4] which means that the actions of the body can
play a role in the development of thought and ideas [5].
It is also a tool designers can use to study “human behaviour normally unobservable in order to create humancentric designs” [6].

that contribute towards strokes that are unknown, besides ageing.

Spasticity is the result of a neurological disturbance to
the Central nervous system. There are different classifications of spasticity depending on where it is dispersed
in the body. Most post stroke patients experience only
the isolated focal type. Spasticity tightens the muscles
tendons or ligaments preventing normal movement
which can reduce the range of motion. If left unattended
these contractions can become permanent resulting in
more deformity and increase disability above and beyond what a patient’s stroke may have created [3]. There
are six basic upper body patterns of spasticity:






Mimicry allows feelings of empathy as it activates the
same muscles and neural pathways involved in our own
affective experiences. That can help the affected people
get rehabilitated [7]. The goal is to create in a person a
kind of empathy between one hand and the other
through the mimic. I decided to focus on one part of the
body. The target group are people who have problems
moving the fingers. I created a device (Rehab Duo-Flex)
that patients should wear in the affected hand and a
glove for the healthy hand. This glove had Flex-Sensors
in the fingers. Each time the healthy hand moved the
fingers, the affected hand mimic the movements. This is
possible thanks to a Servo-Motor that is in charge to
pull the fingers down. The fingers always go back to the
original position thanks to a spring that pulled them
back. An Arduino Board is used to program the movement of the Flex-Sensor and the Servo-Motor (See figure 2). One of the goals was to improve this device version to a better one throughout experimentation.

Figure 2: Rehab Duo-Flex
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THE CONCEPT
The idea behind this product is to create a mimic
between the hands. As some people know, the mirror
therapy helps the patients to create the illusion of moving the affected hand when the truth is that they are only
seeing the refection (Fig. 3). The goal was to create a
4D experience which means, not only being able to see
what is “happening” with your affected hand, but also
being able to feel it and actually moving the fingers
from the affected hand. The first idea was to make the
fingers of one hand do the exact movements as the other
one, in other words the healthy hand helps the sick one
to rehabilitate. This way the brain will understand what
the patient wants to do and how it is supposed to feel
and look like.
After some investigation, meetings with real patients at
a clinic we worked with and after having a discussion
with experts about the topic, the result was that a big
motor would be needed in order to achieve the fingers
movement. But big motors have some disadvantages.
One of them is that most of the patients can find big machines scary.
Because most patients are elderly people it is necessary
to pay special attention to the appearance and usability
of the device. Patients are more successful in rehabilitation if they continue with the treatment at home. That is
the reason why the product should be easy to transport.

3: Mirror therapy

Flexed elbow
Rotated shoulder
Forearm pronation
Flexing of the wrist Clenched fist
Thumb-in-Palm
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The idea behind this project is that the affected people
can use the device to regain movement in their affected
limbs little by little. The finger-mime can help the brain
to understand which are the orders he is sending and
what do the fingers have to do in response. The goal is
to rewire the paths that were destroyed by the stroke.

1

2

A physiotherapist I worked with said that having a big
motor might be risky for the patients. They can get hurt
if not properly used and putting on such a device might
take too long and the patients will need extra assistance.
After the first feedback it was decided to experiment
with a mechanical product instead of using motors and
programming to keep the device as simple as possible,
easy to put on, functional, without the use of batteries or
plugs.
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The first challenge was to move each fingers separately,
but after working directly with real patients it was found
that the spasticity they can get can be on a very extreme
level where opening a hand can take several minutes.
The interaction with the patients showed that a healthy
finger might not have the enough strength to open another one. To open each finger separately with only the
use of the fingers of the other hand became something
difficult without the help of a motor. The next challenge
was to open all the fingers at the same time. Without a
motor each patient would have the feeling of being able
to use their own strength to open their hand and they can
stop anytime if needed and they would have a 100%
control of the device.

Figure 5: Glove experiment: Fingers pulled back thank to
elastics fixed in the back. Threads pull the fingers forwards.
Each finger can get pulled separately

Figure 8: How to transport it.

There is still much to do with this project but the main
idea is still standing and will be optimized in the future.

Figure 6: Patient with paralysed fingers wearing the experimental glove.

Figure 4: First open fist model tried by a patient with a
clenched fist after suffering a stroke.

One of the patients said that when he trains at home
without any supervision of a specialist, he feels sometimes unmotivated because he can not always see his
improvements; even though there are some. He suggested to add mirrors around the devices to be able to see
himself doing the training and probably being witness of
his own achievements. That made me think, maybe
there is a chance to develop an application where users
can monitor their improvements and so, feel more motivated.
DESIGN PROCESS
The design process starts with the analysis of the situation, the recognition of the problem and recollection of
information. In order to make a mechanical product, different ideas were tried. For example pulling manually
the fingers and even using a hydraulic system. A lot of
experiments were realized in order to find out the best
solution. The first experiment was made with gloves,
ropes and small hose. Patients tried the experimental
models and as a result came out that it was very important that the product make sure to hold the wrist, either to
keep it in one position or to keep the device set in one
position. Another observation was that a glove might be
hard to put on and it could be unhygienic. The design
process was interesting. At first the idea was to make a
device that should be fixed to the arm. But problems
started to appear. It had too many complications like hygiene, wearability, etc. So, the quest of a solution started.

EXECUTION
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This paper provided an experimental solution for people
who suffered from a brain stroke. It is confirmed that
people who do home therapy see even greater recovery.
This is why the device was made with the intention of
being taken home. In one hand, the function of the

Figure 7: Experimental mechanical prototype
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device was inspired by the mirror therapy but in a way
in which the healthy hand helps the sick hand to rehabilitate itself through the mimicry of the movements. That
way the brain can capture the patient's intentions to
move their hands and achieve an understanding of the
objective through sight and sensation. That means, that
the brain understands that the patient wants to move his
hand just like the healthy hand. Obviously the patient
has to put effort in moving the paralysed hand but can
get help of his healthy hand. In this way the brain will
seek to reconnect the pathways destroyed by the brain
stroke (Neuroplasticity). On the other hand, we also
tried to achieve a design that does not remind the patient
that he is going through a difficult time. To avoid depression, we tried to change the first prototype for a
more homely-looking one, with the appearance of furniture.
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FROM EMOTIONAL FEEDBACK FOR
ARM AMPUTEE TO A SUPERHUMAN?
KATJA HELMIN
KATJA_HELMIN@GMX.DE
MUTHESIUS UNIVERSITY OF FINE ARTS AND
DESIGN

ABSTRACT
In this project I deal with the question of which
functions, areas of application and design a hand
prosthesis should have in the future. The result of
my work is the VSENSE prosthesis. It is a concept
for a bionic arm prosthesis that communicates with
its user via its surface. It shows the temperature of
the object when it touches a surface. The aim is to
make the environment experienceable for people
with disabilities with both hands and to give
emotional feedback. The feedback is expressed
visually on the surface of the prosthesis. Thus, my

and their relatives with comprehensive information on
amputation and its consequences. This can be read on
the homepage of Bundesverband für Menschen mit
Arm- oder Beinamputation e.V. (BMAB 2016).
When I was working on the topic of prosthetics, my
vision of a prosthesis was a modular robotic part of the
body that extends the capabilities of the user through its
artificial intelligence. Inspired by the movie
Transformers. In order to bring my vision back to the
present, I thought about what an intelligent prosthetic
hand could look like and decided to deal with the topic
"Emotional and visual feedback". This feedback is
intended to convey to the brain that the lost limb can
still give a kind of visual response.
In the future, people will get older and older thanks to
medical progress. This also means that more people will
replace their body parts with artificial limbs. Either
because of illnesses, accidents or to improve their
physical abilities and counteract the aging process.

through prostheses, Faster - Next – Higher (Dr. Seitz
2014). Previous studies say that it is possible to control
prostheses with thoughts. The GQ-magazine has
published an article on this topic: Prosthesis patients can
now control individual fingers with thoughts (Michel
2016). Scientists also made sensorial feedback possible.
Thoughts and nerves can control the users actions. It is
also possible to feel structures.

Requirements to my idea:

Most protheses focus on being inconspicuous and have
a natural look. Other prostheses impress with their
obvious mechanical ability and do not look human at
all. These prostheses point to the future of artificial
intelligence in symbiosis with humans.

I have created variations on how the visual feedback
might look like.

•
•
•
•

In dealing with other people touches play a major role,
like shaking hands, holding hands with the partner,
cuddling, etc.. All these actions transfer warmth, cold,
pressure in the interaction with a person. These
interactions give people a picture from their counterpart.
Closeness and distance are transmitted. This has directly
influence to peoples feelings. Why should an amputee
use only one arm, so get these feelings?
Various technologies are already being used for data
processing in other areas:

and his brain.

After an amputation a lot of patients wrestle with
limited mobility, phantom pain and the loss of feelings
in the lost appendage. Prostheses are only tools, not a
part of the patient, because they can not feel any stimuli
and can not react on the users intentions. This has
psychological consequences. This is not only a
neurological problem, it is an emotional problem.
Therefore, people with handicap get phantom pain and
depressions. The use of both hands is really important
for the human brain. The Bundesverband für Menschen
mit Arm- oder Beinamputation e.V. provides amputees
1

smart textiles
thermographic measurement
fitness tracker
thermometers

Figure 2: Interchangeable modules allow different elements
with different functions.

The construction of the VSENSE is based on a bionic
arm prosthesis that masters different types of grips to
make everyday life easier for the amputee. The surface
of the arm prosthesis is special. It consists of a
translucent material, which allows the underlying light
unit to shine through during application.

Why shouldn't a prosthesis have these abilities to enrich
the wearer's everyday life?

MY SOLUTION
The VSENSE is an interactive arm prosthesis that gives
the user visual feedback.
Figure 1: Imagine what sensations look like on the skin.

CURRENT SITUATION
Can prostheses bring improvement in abilities and thus
also better limbs and organs?
Innovations in medical science help people with
disability to live a normal life without the loss of
functions of their body. The most lost functions can be
replaced by technology.

The interaction between human and prosthesis is
initiated. The visual signal ensures a positive reaction
and greater acceptance by the user. The other person
also reacts positively, as the feedback is also visible to
the observer. As a result, the human-prosthesis
relationship improves and the prosthesis is accepted
more as a part of the body.
The prosthesis is composed:
•
•
•
•
•

At the moment the real hand is the best hand, because a
bionic prostheses can not feel and move fast. Only in
sports, people with prostheses have an advantage as
described in the VDI Blog - Bionics and "upgrades"
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Bionic prostheses
Myoelectric
Exoskeleton
Sport prostheses

WHY IS THIS SO INTERESTING?

•
•
•
•

Senses of touch shape the everyday life of all people.
They feel warmth, cold, closeness, distance, emotions,
surface structures and a lot more. Usually people feel
with their limbs. People with handicap can only feel
with their healthy limbs. Prostheses are a big relief for
life of amputees after an amputation. The patient needs
to organize himself new, because the prosthesis he gets
is a strange part of his body. The brain of a person with
handicap does not realise that one part is missing. In this
case the arm or hand.

•

Real time measurement
Show reaction to heat and cold
Reaction to body heat, liquids and various
surfaces
the colours of the LED unit should reflect
different states

Previous prostheses are

product idea serves as a bridge between the user

INTRODUCTION

•
•
•

2

Bionic hand/arm prosthesis
Arithmetic unit
Thermal sensors
Flat LEDs
Supply by battery unit in the prosthesis

Figure 3: The feedback shows up where an interaction with an
interface has taken place.
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Risks and weaknesses:
•
•
•

science, technology and mutation and warms the hearts
of the audience. The film industry gives society a
foretaste of the world of the future.
One example is the film Alita: Battle Angel.
In search of cyborg technology on a dump, scientist Dr.
Dyson Ido finds vital remains of a female cyborg. Dr.
Ido reassembles the functioning remains of the upper
body with a mechanical body. Her body consists of
machine parts except for her human brain. This female
cyborg he calls Alita. She is a positive example of a
possible coexistence between artificial intelligence and
human intelligence.

Showing feelings external might cause privacy
problems
Glowing can distract users and others
The prosthesis could send feedback around the
clock, even if the user does not want feedback

Figure 6: The prosthesis may even be able to transmit
information and expand human abilities.

POSSIBLE QUESTIONS
Is it possible to make the prosthesis a part of the body?
There have been scientific attempts to connect nerves
and prosthesis to control the prosthesis with the brain.
The experiments were successful, but the nerve endings
scarred after some time and the control function
deteriorated again. If the research manages to unite the
prosthesis and the human body perfectly, nothing stands
in the way of a symbiosis with the prosthesis.
Does my solution lead to new behaviours?
I think that the interest in prosthetics can be increased
by such a prosthesis. The user himself could use his
prosthesis to gather information about his environment.

Figure 4: Each colour has its own meaning. The more intense
the colour, the stronger the feedback result.

Does this mean that a person becomes a cyborg?
Where are the limits?
In the essay "Cyborgs and Space" by Manfred E. Clynes
and Nathan S. Kline the term cyborg is used for the first
time to describe a rat coupled with an osmotic pump.
This rat is called a "new" creature. This example shows
how fast a living being can be called "new" or cyborg,
only due to the adaptation of new functions.
From this I conclude that a person with an implanted
nano chip is also already a cyborg and if the prostheses
of the future have further functions, one can also call a
person with a handicap a cyborg. Provided that new
non-human functions have been added.
In fashion, the image of the prosthesis and superhuman
adaptations have been played with for quite some time.
This also introduces the social acceptance of prostheses.
"The spine dress, a creation by Helen Storey (adressing
the Century, p.106), exemplifies the postmodern fashion
trend. On the back of the floor-length elegant red
evening dress is the artificial skeleton of a spinal
column visible from the outside. What is covered by the
clothing makes the veiling visible again at the same
time. It is not about body wrapping, but about the design
of new bodies", (Cyborgs, servones, avatars; Klaus
Bartels, p. 15, l. 13-20).

Figure 5: Touching can intensify affection.

I don't think there are any limits to the development of
cyborgs. Science will eventually catch up with science
fiction stories. It will be exciting to observe how our
society will develop in the future.
Can the prostheses improve physical abilities?
Absolutely. A good example are exoskeletons and sport
prostheses. They support the user to increase his
performance. With exoskeletons it is intended that the
prosthesis makes the person stronger. With sport
prostheses, the advantage lies in the mechanics and the
spring. I don't think it was intended before to help an
athlete with a prosthesis to achieve more speed and
strength than a healthy athlete has.
Is a prosthesis a handicap or a help?
A muscle can tire, a mechanical spring not!
At the moment, an arm prosthesis is not yet a part of the
body. It is put on from the outside and not accepted by
every user equally. There are different prostheses for
different applications. A single prosthesis is not as
changeable as the natural part of the body.
What does the future prosthesis look like?

FUTURE VIEW
My future view is, that the VSENSE visualises more
than only temperature. It also shows the feel and
material of the touched surface.
The prosthesis not only improves physical abilities, but
also supports the brain through artificial intelligence.
The future will be shaped by transhuman humans.
THE SUPERHUMAN?

I see a Superhuman mastering his life with the help of a
modular robotic hand. The prosthesis of the future
adapts individually to the user and the missing limb,
forming the new hand from individual modules! It not
only gives the handicap back his hand, but also
additional abilities that make the user an improved
person.

We also see the same in science fiction films, which are
a source of enthusiasm among the broad mass of
society. It shows an image of man that, beyond his
natural abilities, conquers the world with the help of

3
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Figure 7: Small intelligent modules replace the missing
elements of the limbs.

CONCLUSION
There have already been major advances in research on
prostheses, nanotechnology, chip technology and
artificial intelligence. Does this mean that a person
becomes a cyborg? Where are the limits? There are
processes that can already be said today to make people
a kind of cyborg. Examples are artificial organs,
Pacemaker, insulin pumps, artificial eye lens and mini
pumps.
Implants can no longer be recognised externally.
"All this gives reason to excommunicate the concept of
the prosthesis from the medical discourse and to replace
it by the term technus technicus Servone, which in my
opinion is very suitable.”, says Klaus Bartels.
"Servons, derived from the Latin of "servus", the
servant, are prosthetic media "which serve to replace,
support and extend human functions", (Cyborgs,
servones, avatars; Klaus Bartels, p. 13, l. 24-27).
In addition, prostheses are no longer only used to
replace body parts, but to improve them. For example
through implants. Bionic chips bring an intelligent
component into play. We are already moving in digital
spaces and are thus expanding our world.
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body. Amputees interact with their artificial limb with
every step, every move and also by gestures with others.

THE NEED OF ABSTRACTION IN
INTERACTION

INTERACTION IN PROSTHETICS
Interaction refers to the interrelated action or
influencing of individual actors or groups. It thus
describes the happening between persons or objects that
react to each other, interact with each other, influence
and control one another. How we interact has a great
impact on how we perceive our environment as well as
our environment. The interaction includes, among other
things, our facial expressions, gestures, language, body
language and actions.

HELEN ANDERS
MUTHESIUS UNIVERSITY OF FINE ARTS AND
DESIGN / COBURG UNIVERSITY OF APPLIED
SCIENCES
HELEN.ANDERS@YMAIL.COM

the feeling of discomfort to what they see. Only when
the appearance is almost human, the curve rises again
and reaches almost the maximum (Mori 1970). As seen,
movement amplifies the effect of the "Uncanny Valley".
It is this apostasy in the relationship between the image
of human and the emotional reaction that is called the
eerie valley. Applying this effect to prosthetics means
that anything that looks very human may be exposed to
the "Uncanny Valley" effect.

"I am not disabled."
(Amputee P1, Interview, January 2018).

ABSTRACT
This paper discusses the interplay between nature
and technique, which is essential for the emergence
of a fundamental basis for acceptance of the
emotional connection to create a seamless
interaction in the field of body replacement.
We as designers need to abstract the interaction for
reaching a high level of acceptance in every
interaction between human and object, especially
for prosthetics.
The terminology of the interaction and its
relevance for the so-called "Uncanny Valley" will
be drawn as well as associated with real user
experiences of an empirical study during my
bachelor thesis in 2018 at the Coburg University of
Applied Sciences. The article aims to capture the
holistic connection of the above topics and to
understand the importance of the transferability of
sociological and psychological aspects into
interaction with a prosthesis and its design.

INTRODUCTION
"Naturalness" is a very positive term. As Birnbacher
already examined, when natural processes are cut by
technical progress, naturalness comes to the fore. We as
humans are dependent on being able to distinguish the
natural from something that is not natural. We classify
everything consciously and automatically into
categories - verbal classes - in order to make the
experience more tangible. If we come across a natural
material that does not seem completely natural to us in
its appearance, we examine it in a sensory way for
familiar features. Since today's technology is so
advanced that we can often only recognize the artificial
from tactile indicators, it is only when we touch what is
offered that we are sure that it is something natural or
artificial. From our own reactions, which can range
from confused to shocked, we realize how incredibly
important it is for us to make the experienced tangible
on all levels (Birnbacher 2006). This conduct has a huge
impact on interaction between human and object. In
which way can we abstract as designers and still be able
to maintain the connection between human and
technology? And more importantly the question: How
should we interpret the human or human-like in the
design?

IMPORTANCE FOR PROSTHETICS
While interviewing amputees it became clear that it is
the amputee's motivation to perceive their interaction
with the environment as "natural". The goal of
prosthetics is to replace lost body parts on a high
technical level. Accordingly, the requirements are
similar to those of a human leg - the model: the natural
image. As a result of this, ergonomics, movement and
cycles try to get as close as possible to the body of an
able-bodied person. An artificial limb describes the
broad and comprehensive field of the many alternative
options for lost limbs or organs. Here, as a human being
- even more so than in any other field of industry - we
strive for the above mentioned naturalness. The
replacement must work in such a way that it accepts,
works, and fits into the overall picture of one's own
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Even if it is classified as such according to the German
health system, Amputees want to avoid being spotted as
disabled. Accordingly, their interaction with the
environment must be seamless and natural.
In most instances we use our bodies for social
interaction. An artificial limb is not only a replacement
for a lost limb, also for lost interaction. Furthermore, an
interaction can also be transferred to the connection
between the amputee and the prosthesis.
"I always say "my leg""
(Amputee P2, Interview, January 2018).
In prosthetics, the crux of the problem is the creation of
a seamless connection between human (natural) and
prosthesis (artificial) that allows such a natural
interaction that the wearer can recognize the prosthesis
as a body part.
"I do not want to look like a doll"
(Amputee P3, Interview, January 2018).
So the following question is: How can something
technical successfully be reproduced in such a way that
it is perceived as natural?
This requires such a subtle composition on a common
level that emotion and acceptance can be achieved in the
wearer and body replacement can be combined with the
body to form a unity. This is neither about beautiful or
not beautiful. In order to create this connection for a
successful interaction, the emotional and psychological
requirements must be addressed. If the seamless
transition from nature to technology - in both directions
- does not work on a psychological level, we move
emotionally away from what we see. In science, this
leak is described as "Uncanny Valley".

THE UNCANNY VALLEY
The term was coined by Masahiro Mori, who stated in
1970 that people generally empathize more with robots,
when they have human features. When the resemblance
to the human being reaches a certain point, the
acceptance breaks down and the human being develops

Figure 1: "Uncanny Valley" and "Uncanny Wall" (in dependence on
Masahiro Mori 1970 and Tinwell 2011)

Looking at the discovery of Mori at the time of the first
electronic prostheses, it becomes apparent that the
appearance of artificial limbs is almost at the low point
of both curves. The proximity to "corpse" and "zombie"
makes the urgency of the issue clear. In science and
empiricism a well-known topic, it slides in the attention
clearly past the prosthetics. More and more, cosmetic
facings, skin-colored reshapings of feet and silicone
coatings for biomechanical hands are trying to get even
closer to the image of humans. Since the release of
Mori's findings, the "Uncanny Valley" has been picked
up by roboticists, philosophers, and psychologists. Only
in design it has been ignored so far. Although the effect
is purely a matter of feeling, defining it is pretty difficult
(Jari Kätsyri et al. 2015).
THE IMPACT ON INTERACTION
Maya Mathur and David Reichlins examined the effect
of 80 real robots on humans and found the classic riseand-fall increase in how much people liked and were
willing to trust them (Mathur & Reichlin 2015). Another
study observed that the "Uncanny Valley" occurs at the
border where something moves from one category to
another (Looser & Wheatley 2010). Here mannequins
were compared, which turned into human faces, in the
place where the inanimate face began to appear alive, a
valley was created. Other studies have suggested that
the presence of the valley depends on whether we
believe that human-like entities possess a mind as we
do. Gray and Wegner found that robots annoy only
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when people thought they could feel things (Gray &
Wegner 2012). On the other hand, robots who seemed to
have no mind were classified as not scary. Machines are
thus perceived by the observer as being unique, and
existing human qualities are credited to them.
Humanoid robots, on the other hand, are classified as
human beings, the deficiencies in nonverbal behavior
are perceived as strongly negative. One very important
finding for the design is that of Angela Tinwell. She
realized that many types of mismatches, including voice
sync, voice speed, and facial expressions, can lead to the
"Uncanny Valley". Their study showed that a nonconsistent pattern of expressive behavior is reminiscent
of people with psychopathic features (Tinwell et al.
2013). People with deviant expressions are often
socially conspicuous or mentally ill. A robot pretending
to be human is always measured at the same scales as a
human being. If expressions appear abnormal, an
aversion arises. If a robot pretends to be industrial, this
paradox does not arise. All studies are based on the New
Science: It attempts to describe the phenomenon by
making internal predictions as soon as we encounter an
object / human for the first time. A robot is clearly
classified as a machine and a human being as it. When
we encounter a human-like robot, we do not know
where to put it. We vary between the perceptions: it
appears creepy.

the evaluation. The target group were wearers who
could be assigned to the activity profile of categories 3
and 4 of the German health system and who had at least
one artificial leg. Carriers of these categories are
considered fit, athletic and active. Another 30 qualitative
interviews were carried out by me personally with
amputees and orthopedic technicians at different places
in Germany. These were based on no fixed questions,
they should be specifically addressed to the need of the
individual.
Most of the wearers described a strong feeling of
discomfort with parts that are based on the color, feel,
appearance or shape of the human body. Here,
prostheses that resembled the human image were
described as cold, uncomfortable, simple, traditional,
stiff, underachieving and unaesthetic (Figure 2).

THE SOLUTION: CREATING HUMANS?
In theory, this means that with the rapid development of
humanoid robots and the impact of anthropomorphism
in the near future, it is possible to achieve the maximum
of human similarity and bypass the effect of the
"Uncanny Valley".
However, the theory of the "Uncanny Wall" (Tinwell et
al. 2011) states that it will always be possible to
artificially differentiate from human, because with more
realistic-looking robots, we will become more sensitive
and will always be able to say that something is wrong
(Figure 1). Although the previous studies only show
that the interaction between the viewer and the humanlike object is damaged from a lower level, the
exploratory study of my bachelor thesis in 2018 at the
University of Applied Sciences Coburg showed that the
interaction between the amputees and the artificial limb
also shows deficits as soon as they occur resembles a
leg:
"An artificial limb may look like a second
leg, if it does not work that way, you will
not accept it." (Amputee P4, Interview,
January 2018).
The empirical study involves the participation of 70
amputees, who were interviewed online between
September 2017 and May 2018 on the satisfaction with
their artificial legs. The questionnaire was flexible, the
amount of questions depends on the answers that were
given. Only complete questionnaires were included in

HOW TO ABSTRACT
Abstraction usually designates the inductive thinking
process of omitting details and of transferring them to
something more general or simple. The extent to which
abstraction may be made is clear from the 1944
experiment conducted by the psychologists Heider and
Simmel: they created a cartoon in which geometries
were animated according to different patterns of
movement. They moved towards and away from each
other, clumped together or turned away. Students should
then try to describe what exactly they saw. They not
only described the movements of the elements, but
interpreted the patterns of movement. Stories about a
love relationship between the small circle and the
triangle were created (Heider & Simmel 1944). This
phenomenon shows how little form and aesthetics are
needed to create a human-like association and recognize
a multi-layered interaction. The example of sport
prostheses shows that it can also be done differently: it
is clearly different in shape and color from the body, and
gets in addition to the performance of the athlete a much
greater popularity in the acceptance. Naturalness is only
based on the level of performance and reduces to the
technical components. Thus, the artificial limbs are
indeed modeled on the anatomy of a gazelle or a
geopard, but not on humans. Bionics can also be a form
of successful abstraction.
"The prosthesis must form a clear cut to
my body. A natural look makes it only
more absurd and obvious." (Amputee P5,
personal correspondence, January 2018)

CONCLUSION
Unlike most design products, prosthetics is not just
about functioning, it is about accepting it. On the one
hand, the function can be easily generated by the
implementation of the human motion, on the other hand,
the acceptance not by an approximation of the human
appearance. As seen in the studies, it is important to
avoid being in the valley and to abstract the humanlikeness.

Figure 2: Semantics According to the Type of Prosthesis (blue:
waterproof every-day prosthesis, pink: specialized water prosthesis)
(own graphic)

Very technical and hardly any human prostheses,
however, were described as familiar, warm,
comfortable, innovative, intuitive, powerful and
aesthetic (Anders 2018). Therefore, the artificial image
of human being is not an indicator of innovation. When
I asked amputees what features would be desirable for a
prosthesis of the future, adjectives such as trainable,
learning and supportive were often cited. Characteristics
that are similar to those of a leg, only by function - not
by optics - can be implemented. The "Uncanny Valley"
is thus not a phenomenon that occurs only in holistic
images or the faces of humanoid robots, but also in
partial replicas of body parts. For this reason, it should
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make sense in the design to move away from the
conscious pursuit of perceived naturalness and to
abstract prostheses in the broadest sense.

3

Many users said that they only need the technical
support to be "human" at all. To be mobile and selfreliant, or even to become self-reliant at last. In view of
these statements, it can be assumed that today's
prostheses will restore the user's access to the

environment and surrounding. In the broadest sense the
prosthesis may be understood as a sort of bio-adapter. In
summary, it is not about imitating the image of human.
It is about meeting the cultural, social, human,
economic, physical and psychological requirements of
the individual. Only then, the interaction can be
successfully satisfied on all levels.
Our task as designers is to abstract the human at the
widest possible level through the design on an optical
level in order to get as close as possible to the human
perception of acceptance on the level of interaction.
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FEET BASED INTERACTION EXPLORING AN ALTERNATIVE INPUT
FOR PERSONAL COMPUTING

no reason not interaction with personal computers
(Case 2018). Therefore there was the decision to test the
potential of feet-based interactions with a prototype.

FIRST PROTOTYPING STAGE
The first prototyping stage consists of three different
steps which will be described in the following text. At
first there was the building and programming of the
prototype (1), secondly the programming of the game
(2), which will be used to evaluate the input of the
prototype versus the mouse and trackpad. The final step
was the user test (3) to compare speed, accuracy and
usability of the known and the new input devices.

SÖREN HERBER
MUTHESIUS UNIVERSITY OF FINE ARTS
AND DESIGN

BUILDING THE FIRST PROTOTYPE

The prototype is based on an arduino microcontroller
connected to a MPU 6050 breakout board. This board
contains an accelerometer and gyroscope and is
therefore able to supply the orientation based on six
degrees of freedom (x, y, z, yaw, pitch, roll). The
running script is based on a library, which converts the
raw input data into Quaternions. The outcome of this
calculation is sent to the computer via a serial interface
for further use. The whole construct is taped to
cardboard for increased stability.

SOEREN.HERBER@GMAIL.COM

ABSTRACT

INTRODUCTION

The following paper discusses the use of

In 2010 the science adviser of the movie “Minority
Report” and inventor John Under states during his TED
Talk that the best user interface for personal computing
might be based on gesture control. He emphasizes this
using the live demo of an interface, which is a reference
to the the known computer system of Minority Report.
With the help of tracking gloves, he navigates through
pictures and edits videos. Furthermore interaction
between several independent computers and people
seem to be possible. Finally he finishes his talk with the
statement, that technology should support the human in
the most capable way (Under 2010).

feet-based input devices for personal computing.
Therefore a prototype was designed to test the
mapping of 3D-foot movement into a 2D
movement of the cursor on the screen. This input
was compared to the speed and accuracy of
common input devices like the computer mouse
and laptop trackpad.
The aim of this comparison was to test the
differences in particular when users tend to switch
between the pointing device and the keyboard, e. g.
while surfing the internet or writing a paper.
In addition, this paper discusses the use of
finger-based

gestures

on

touchscreens

and

trackpads and a possible mapping of these to
feet-based interactions.

However, none of this interfaces have spread into
mainstream personal computing during the last nine
years and one might ask about the reasons for this. Dan
Saffer, writer in the field of interaction design, asks the
same question and finally concludes that this kind of
interface might support the human, but the human might
not be made for this kind of interface because of
physical restrictions. According to Saffer, this way of
interface might be entertaining on shorthand, but very
exhausting when using for a long period of time. Finally
he asks why input devices do not seek inspiration in
more common and less physical challenging
interactions. (Saffer 2018).
Having this as a starting point different input devices for
personal computing had been evaluated. After a short
period of time the idea of feet based interaction
emerged. This might be a concept which is worth
experimenting with, since the feet are used in lots of
interactions, e. g. driving a car or playing a piano but for
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Figure 1: The participant has to hit the square by moving the foot to
the bottom right corner.

PROGRAMMING THE EVALUATION GAME

A small computer game was programmed to evaluate
the input of the prototype in comparison to the common
input devices. Main purpose of this game was to
emulate the advantages while browsing the web for
example. In this case the user switches back and forth
between the keyboard for entering text and the mouse
for pointing on different screen positions.
This game forces the user to do the same by randomly
asking to enter text or clicking a square on a random
position (see figure 1 and 2). For comparison issues
both the time between each interaction and the overall
time is tracked. During the test of the prototype a small
arduino board is shown on the top right corner to
visualise the current orientation of the board. The
illustration on the top left corner is added on these
figures to visualise the direction of the movement.
The 3D input data of the prototype was handled as the
following:
-

Foot moves forward - cursor moves up
Foot moves backwards - cursor moves down
Foot moves left - cursor moves left
Foot moves right - cursor moves right

Figure 2: The participant has to enter the text “Liebeskind”

USER TEST: INTERACTION

Five users were asked to compare both the common and
new device. Each one had to handle 20 interactions,
which were picked randomly by the computer. Before
testing the prototype everyone was given several
minutes to get familiar with the new input device. The
prototype was strapped to the instept for the test (see
figure 3).
Since all subjects were very familiar with the
conventional input devices like the computer mouse and
the trackpad they were asked to perform the test with
these tools two times. At the first try they are supposed
to do the test with their dominant hand. At the second
try they were asked to complete the test with their non
dominant hand.

The intention of this mapping was to imitate the
movement of tipping on top of it with the feet as if the
screen would lay in front of the participant. To execute
the click the user has to enter the return button of the
keyboard.

2
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Nevertheless this short exploration needs further
validation. Firstly all the programming of the mapping
needs further refinement. Secondly long term tests have
to be made to test whether physical restrictions arise
while using this device for longer periods of time.
Another interesting part to validate is the use of this
input device especially for computer gaming and 3D
modeling applications. Further prototypes should also
be taken into account to implement tactile feedback to
enhance the overall experience of this device.

can find gestural interfaces in almost every digital
product which includes a trackpad, mouse or touch
interface (Apple 2019). Due to the advantages and wide
use of gestural interfaces particular the mapping to the
feet based device is therefore interesting.
USER TEST: GESTURES

Figure 3: The prototype during the test on the instep

DATA EVALUATION

Unsurprisingly, probants were fastest when using their
dominant hand. This can be traced back, like Grunwald
states to the “common wisdom that haptic [...] skills in
general improve through practice” (Grunwald 2008) and
all users were used to this kind of input devices.
Nevertheless it was interesting to observe that the users
were almost as fast with their feet as with their non
dominant hand. Therefore this result was promising to
continue this exploration since, as stated before, an
increased performance can be expected with further
practice (Grunwald 2008).

SECOND PROTOTYPING STAGE
Subsequent the second part of this paper will deal with
the further exploration and the mapping of gestures. For
that reason the gestures for personal computing will be
examined at first (1). It will be followed up by the
second part which will become part of another user test
to evaluate different mappings (2). Finally the
suggestions for gestures mappings to the feet based
controller will be presented in the third part (3).
GESTURES IN PERSONAL COMPUTING

The history of gestural interfaces reaches back to 1971,
when the first touchscreen was invented. However, it
took another six years to develop the first true touch
device and another five years until 1982 for the first
multi touch system (Saffer 2008).
But even though gestural interfaces do have the
advantage to support a much wider range of actions than
type, scroll, point and click those interfaces did not
draw public attention until Apple launched its iPhone
and iPod Touch in 2007 (Saffer 2008). Nowadays you

According to Saffer good gestural interfaces share the
same characteristics, which means that they should be:
discoverable, responsible, appropriate, meaningful,
smart, clever, playful, pleasurable and good (Saffer
2008). For figuring out which of the gestures and how
these should be implemented in regards to this
categories, the user test was split into two separate parts.
In the first part, the users were asked to name the
gestures they use most on their mobile phone
respectively trackpad of their laptops. The second part
was performed after the evaluation the input from the
first part and contains asking the people for appropriate
gestures for the most frequently mentioned ones. The
test was performed with 10 students, which are both
users of mobile and desktop devices.

Apple (2019): Multi-Touch-Gesten auf dem Mac
verwenden [online] Available at:
https://support.apple.com/de-de/HT204895
(Accessed: 24 May 2019)
Case, A. (2018): ‘Why gesture-based interfaces haven’t
lived up to the hype’ [online]. Available at:
https://medium.com/@caseorganic/why-gesture-based-i
nterfaces-havent-lived-up-to-the-hype-9ab47aa3a94b
[Accessed 22 May 2019]
Saffer, D. (2018): ‘Why you want (but won’t like) a
Minority Report-style interface’ [online]. Available at:
https://medium.com/@odannyboy/why-you-want-but-w
ont-like-a-minority-report-style-interface-626d0fd6096b
[Accessed 21 May 2019]

The result of the first part was as follows (sorted from
many to little mentions)
-

Left Click
Right Click
Scroll Up / Down
Swipe Back / Forth
Zoom & Rotate
Click and Select

After evaluating possible gestures for these interactions,
the composed suggestions for feet gestures will be
presented in the next part of this paper.

Underkoffler, J. (2010): Pointing to the future of UI
[online] Available at:
https://www.ted.com/talks/john_underkoffler_drive_3d
_data_with_a_gesture
[Accessed 21 May 2019]
Figure 5: Mapping of the gestures and foot movements

CONCLUSION

MAPPING OF GESTURES

Before going into detail about the gestures, I would like
to note that each of these had been created considering
the categories in the previous chapter.
Furthermore it was taken into account to prevent several
characteristics, which also were named by Nielsen to
avoid non usable gestures (Nielsen et. al. 2003):
(1) Avoid outer positions which are not comfortable to
reach, (2) avoid repetitions of only a few movements,
(3) avoid staying in static positions, (4) avoid internal
and external force on joints, (5) relax muscles between
interactions and (6) utilize relaxed neutral positions.

This paper guided through the exploration of feet based
user interfaces for personal computing. Therefore a first
prototype was presented to test the usability of this kind
of input device. Since the result of the first stage was
promising, a second stage was added to evaluate the use
of gestures in combination with the feet. Finally an
appropriate mapping of gestures and feet interactions
were presented considering usability factors. Both the
results of the user tests and the feedback of people
accompanied the process provide evidence of the
practicability of this approach.

Grunwald, M. ( 2008): Human Haptic Perception Basics
and Applications. Basel, Boston, Berlin Birkhäuser, p.
165.
Nielsen, M., Störring, M., Moelsund, T., Granum, E.
(2003): A Procedure for Developing Intuitive and
Ergonomic Gesture Interfaces for HCII. In:
Camurri A., Volpe G. (eds) Gesture-Based
Communication in Human-Computer Interaction.
GW 2003. Lecture Notes in Computer Science, vol
2915. Springer, Berlin, Heidelberg
Saffer, D., (2008): Designing Gestural Interfaces,
Sebastopol O’Reilly, pp. 5 - 23

The mapping of the gestures are presented in figure five.
For enhanced usability both both feet are used for the
interaction. Therefore the final device should consist of
two parts, since lots of the gestures would take a benefit
of this.
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IMPROVING THE EFFECTIVENESS OF

flex sensor returns value when it’s arc changes due to
expansion and contraction of the belt.

MEDITATION THROUGH ASSISTIVE PHYSICAL
COMPUTING
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ABSTRACT

In today’s world, it's well accepted that the
workplace is a high-stress environment. People
are constantly looking for ways to motivate
themselves and focus so as to deliver their best
work. Technology in itself is the largest source

Rippple is an attempt to increase productivity through
binaural audio and guided open eye meditation in the
virtual environment. It is achieved through an assistive
physical computing product that measures the changes
in the body and visualises the data in the VR
environment.

METHODOLOGY

that being mindful at work support and

MEASURE MEDITATION

positively impact productivity (Lyddy, 2017;
Hafenbrack, 2017). Mindfulness can be
achieved through meditation and various
focusing techniques (Choo, 2014). In order to
cut out distractions and to provide guidance
for beginners, binaural audio and virtual
reality are often used (Kirk, 2018). This paper
outlines a Virtual Reality Meditation aid to
increase mindfulness and enhance employee
mental well-being, focus and behaviour which
could improve productivity in the workspace.
The product was developed and tested as a part of
the prototype.
INTRODUCTION

Many studies are conducted on how meditation helps
self-healing and positive health. Despite the benefits
people have difficulty focusing on their breath, staying
still, posture and other exercises (Navarro-Haro, 2017;

Figure 1: Hardware of the wearable

Chambers, 2008). Our hypothesis was derived from the
research (Kirk, 2018), the assistive product increases
immersion and decreases mind wandering while
meditating in a distracting environment in ten minutes.

of distraction at the workplace. Studies show

Figure 3: VR environment of the wearable and circular ring acting as
the point of focus

BINAURAL AUDIO
Figure 2: Positioning of the wearable

In order to create an efficient and immersive experience,
it was required to measure meditation. Meditation
success can be measured by detecting change in three
physiological processes: Brain Alpha wave change,
Heartbeat rate and breathing rate. Keeping the low-cost
constraint in mind, it was decided to measure breathing.
MEASURE BREATHING

Multiple variables change when a human body
undergoes breathing. Carbon Dioxide or Oxygen Levels
near the nose and mouth, the moisture level of inhaled
and exhaled air, the temperature of the air flowing in
and out and airflow. As part of initial exploration, basic
sensors were used to detect the change in the above
variables namely Oxygen and Carbon dioxide level,
Moisture, Temperature and Airflow. Inhaling and
exhaling was detected but difference(range) in the
variable was very small to determine the speed of the
airflow.
MEASURE BREATHING USING WEARABLE

The best results were obtained from detecting
diaphragm movement under rib cage level using a
stretchable belt and a flex sensor. The belt was made up
of two pieces of non-stretchable material joined together
by elastic fabric (fig. 1) so as to maximize extension at
the joint. Restricting the extension to one confined
region helped setting up the flex sensor above it. The
belt was designed to be worn over the waist (fig. 2)
expanding and contracting as the body expanded and
contracted due to inflow and outflow respectively. The

Two main factors that determined comfort were the
length and width of the belt. For the prototype, the
length of the belt was XXL size with a Velcro
attachment to cater to all body types. The belt was
sufficiently wide to act as a support to the back as the
user sits straight. One constraint to make the belt
universal was to have a standard starting point for the
flex sensor, irrespective of the body type it is on. In
order to tackle the problem, alight was introduced to the
circuit that glowed at a specific stretch which was
“neither too tight nor too loose” for the user. As a guide,
the user was instructed to apply the Velcro lock when
the blue light glows.
COMPONENTS USED

The [Arduino Uno] microcontroller was connected to a
[flex] sensor to measure the expansion of the belt. The
changes in the variable of the flex sensor (Minimum to
Maximum) helped in calculating the speed of airflow.
Default positioning of the sensor on the belt gives
Variable(Minimum) was set to be zero and stretch of the
flex sensor Variable(Maximum). A [blue 1.8-2.0V]
LED was connected to Arduino to inform and indicate
optimum tightness. A [HC-05] Bluetooth module was
used to transmit the data to the computer that runs VR
software. The microcontroller was powered by a 9V
battery (fig. 1).
VIRTUAL REALITY ENVIRONMENT

Virtual Reality not only allows the user to immerse but
also allows for a surreal and memorable experience.
Based on a small-scale survey of college students of
sample size 12, aged 23-29, the preferred surreal
environment for meditation was found to be Himalaya
mountain peaks. The environment used for the
2
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prototype was of a surreal Himalaya mountain covered
with snow and a surreal sky with lighting set up for an
imaginative and memorable experience. At the centre of
the scene is a portal like an object (point of focus) that
has circles animating in a ripple-like motion. The circle
grows and shrinks in size based on inhalation and
exhalation of the user wearing the belt, creating a sense
of the presence of another being connected to the user
through the breath.

1

Research has proved that listening to binaural audio can
enhance the experience of meditation (Kirk, 2018).
Binaural audio of frequency 165 Hz to 179 Hz was used
in the prototype experience to help user immerse in the
environment by cutting off the environment noises.
Binaural audio also served as an agent to increase the
surrealism of the virtual environment.
INTERNET OF THINGS

The Arduino Uno used in the belt transfers the breathing
data to a computer which runs the Virtual Reality
software. The data is then visualised in the VR
environment using the ripple object. The computers VR
screen is projected to a phone via Wi-Fi or a USB 2.0
cable. The phone displays the VR screen in a
stereoscopic mode which gives a 360 experience. The
gyroscope of the phone detects the movement and
moves the VR camera as per the movement of the user’s
head. Earphones are also connected to the computer.

SECRET SAUCE

Rippple is the first of its kind device where breathing
patterns influence the virtual reality environment and
users can interact through that. Studies suggest that onthe-spot mindfulness session for 15 min is successful in
significantly reducing laboratory evidence of mind
(Kirk, 2018). Rippple is a novel wearable enhancing
experience and reduces session time to 10 minutes. Our
USP is to provide an interactive high-tech experience at
low costs.
VR + Binaural Audio + Breath Analysis
+ Mindful Meditation
It brings together all the existing individual technologies
into one product achieving better and faster immersion.
Along with guided meditation, gamified breathing
training enhance the experience of sessions.

Student Interaction Design Research Conference–SIDeR 2019, Muthesius University of Fine Arts and Design, Kiel, Germany
SIDeR‘19 - Student Interaction Design Research Conference , Muthesius University of Fine Arts and Design, Kiel, Germany
113

DEMO LINK

Link for prototype: https://vimeo.com/339564976

LIMITATIONS

With the frequent drop in connections, the current
system is limited by its own hardware. A customized
android or phone application with a VR headset offers a
solution to the connectivity issues.

CONCLUSIONS

Rippple's wearable devices ensure real-time monitoring
and feedback to the users through the VR headset. This
immersive experience improves the quality of user’s
meditation, in turn positively impacting focus and
productivity.
Self-aware employees tend to be better decision makers
and thought leaders in their scope of work. The
video(demo) describes the product. Scenario explained
in the video is about a person who is tired of being in
such a cumbersome workplace, trying hard to get back
her peace of mind. In such a case, she finds out Rippple.
VR environment is carefully crafted after psychology
surveys and studies. The guided voice in the application
relaxes the emotional state of the person and achieves
the state of mindfulness with greater pace. This allows
the person to come back to the state of content within a
fraction of minutes through the proposed concept. A
meditative mind is also known to improve sleep by 20%
and reduce stress by 28% promising a happy workplace.
In conclusion, Ripple is a game changer to improve both
productivity and employee well-being in the workplace.

FUTURE SCOPE

While the current study is limited by its test set, a more
generalised solution can be worked with a larger test set
of users, experimenting with various environments. The
results can be used to further develop both application
and hardware, in the bigger picture, the product itself.
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ABSTRACT
Figure 3: Control-Box. (1) Conveyor Belt, (2) Arduino Mega,
(3) Raspberry Pi 3, (4) Power Supply.

Waste Wizard is an automatic self-sorting waste
bin. It utilises computer vision for detecting and
Figure 2: Overview of Waste Wizard. (1) Button, (2) Camera,
(3) Conveyor Belt, (4) Lid, (5) Side-panels.

identifying individual waste items in order to
automatically sort them into two waste separations;
general waste and plastic/metal waste. While it
supports a very direct and comprehensible utility
for users, the purpose of Waste Wizard is to probe
manual waste sorting by introducing an extreme
variation of the opposite: automatic waste sorting.
We do this in the framing of Research Through
Design, creating Waste Wizard with intentions to
spark reflection of waste practices and automation.
PROVOKING WITH AUTOMATION

In most European countries, the task and responsibility
of waste sorting from households are placed on the
individual citizen. Waste Wizard was built as a
provocation against the idea that waste sorting should be
the task of the individual citizen. We did this by
emphasizing certain aspects of automation: concealment
and minimal feedback. The intention is that this could
lead to a disempowerment, removing the authority of
waste sorting from users and eliminating the
gratification of engaging in environmentally-friendly
behaviour.
Concealment is about masking the inner workings of the
machine, creating a sense of non-transparency for users.
First of all, the entire Waste Wizard is covered in
Medium-density fibreboard (MDF) panels, covering the
internals of the machine, including the sorting
mechanism. A 3mm spacing between the MDF panels
may give a hint of the sorting process, a design element
intended to tease the users’ curiosity, amplifying the
sense of non-transparency.

Figure 1: Waste Wizard. An automatic waste sorting system.

MECHANICAL WASTE SORTING

Second, we provided minimal feedback to the user while
interacting with Waste Wizard. This is intended to
constrain the user from understanding what happens

The waste chute leads down to the sorting conveyor
belt, with a small narrowing so that waste items land at
the centre of the conveyor belt and in view of the
camera. For transferring the trash we used a model
caterpillar robot vehicle (ArduinoTech.dk, 2019), which
we repurposed by inverting the position of the belts and
turning it upside down. We control the conveyor belt
with an Arduino Mega 2560 programmed in C++ fitted
with a L293d motor drive shield. The conveyor belt can
move in two directions, sorting the waste into one of the
two waste bins.

inside the box. However, we were not able to remove all
feedback – the user will experience a subtle mechanical
sound when the waste is transported to the bin, and a
*clunk* sound as the item drops into the bin.
We expect that automatic waste sorting will remove
some of the hassle regarding disposal of waste, but with
that a feeling of disempowerment may emerge. In
Denmark there is no legislation aimed towards incorrect
waste sorting, and in that sense citizens of Denmark
have the power to decide whether to sort, and how they
would like sort. With Waste Wizard, the users can let a
device define how their waste is sorted, incorrectly or
correctly. Users can at any point check the bins for how
their waste was sorted and sort after their belief. But
who is actually in control?
THE WASTE CHUTE

We designed the waste chute with three purposes. First,
it ensures proper placement of the waste item under the
camera. Second, it prevents the user from “cheating” by
directly placing waste in a bin. Finally, it conceals the
waste already sorted. The chute consists of four panels,
the front and back panels; fixed in position, and the two
side panels; mechanically attached to and moving with
the lid. Whenever the lid is lifted the side panels swing
down to cover the waste bins. If the user is curious and
opens the lid during sorting, the side panels blocks the
item from being sorted, and the user is punished as they
will need to start the sorting once more.
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WASTE IDENTIFICATION

The main system of Waste Wizard is run on a Raspberry
Pi 3, which both controls the Arduino, and also has
input from a Raspberry Pi NoIR Camera V2. The
camera is mounted above the conveyor belt and allows
the system to use image classification for identifying
waste items. When the button is pressed, the Raspberry
Pi takes a picture and sends it to our cloud hosted
Machine Learning (ML) model. In response, it receives
a waste classification of the image. Based on the
classification the Raspberry Pi sends a command
through a USB serial interface to the Arduino. This
command explains in which direction, the conveyor belt
should be run. The software is written in Python and we
utilised an array of libraries for http-requests, serial
communication and general purpose I/O.

MACHINE LEARNING FOR WASTE CLASSIFICATION

We developed the image classification model for Waste
Wizard as a neural network with the TensorFlow ML
library (Google, 2019b) in python. We used supervised
learning by training on images collected from Google of
various types of waste (e.g. plastic containers, tissue
paper and tin cans). Our classification model is
encapsulated in a Python Flask server (Flask, 2019), that
exposes an external API for the classifier. The Flask
server was wrapped in a Docker container, which
creates a standalone virtual machine that was deployed
to Google Cloud Platform in a Kubernetes cluster
(Google, 2019a). When Waste Wizard posts an image to
the Node Express server (Express, 2019), the image is
forwarded to the model, which again returns a full
inference of what type of waste, the image contains.
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