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abstract
Flowtime is the result of my graduation project at the department
of Industrial Design at Eindhoven’s University of Technology. This
project arose from the intention to generate a conceptual exploration into the field of wearable electronics, with as the final result an
experiential prototype to demonstrate the value of the concept. I
created an interactive garment that incorporates sensors and actuators to give dynamic feedback in the context of individual yoga practice. This system is meant to empower people to gain better control
over both breath and movement, by learning to synchronize the two
into a skilled, fluent practice. This report describes the process of
this garment’s nascence, and gives background information in order to explain the major decisions that I took during this process.
In the end, I also go more into depth and explain the vision behind
this project, by explaining how it connects to some global developments, and sharing my personal vision as to how I would want to
contribute to this as a designer of interactive products.

final master project in partial fulfilment of the master’s degree in
Industrial Design at the Eindhoven University of Technology
Eindhoven, August 2009

© Luc van Neer

student: 		

Ralph Zoontjens
ralphzoontjens@gmail.com

coach:

Dr. Ir. Stephan Wensveen

Assessment panel:
			

Dr. Ir. Stephan Wensveen
Prof. Dr. Ir. Aarnout Brombacher



contents
introduction ___________________________________________4
Flowtime: yoga and technology for an experience of flow_______5
staying true to the original yoga teachings __________________6
from cognitive to embodied; theoretical underpinnings___________9
fitting the design to the theory____________________________12
product positioning_______________________________16
adding value to current-day yoga practice _______________17
marketing______________________________________________18
personas______________________________________________19
technology and wearability__________________________21
iterative prototyping____________________________25
design explorations______________________________32
vision of the future__________________________________45
personal reflection______________________________________48
future work______________________________________________49
acknowledgements______________________________________49
further reading______________________________________49
showcase portfolio________________________________54



introduction
Wearable electronics is a relatively new realm of technological innovation that strands from on the one hand fashion and garment
making, and on the other hand consumer electronics. To synergistically combine the two fields, this project has focused on unfolding
the potential for technology to become one with the human body
and recede into the background of interaction.
This potential of wearable technology goes hand in hand with the
context of yoga practice. An important part of yoga is to move in
synchrony with the body and the breath, so over time the practitioner’s consciousness becomes fully united with his practice,
without any distractions and goals in mind. This corresponds to a
state of flow as described by psychologist Mihalyi Csikszentmihalyi
(1997) as a peak experience that can improve people’s quality of
life. Developing an interactive garment for yoga is interesting for
various reasons. It can be physically unobtrusive, even adding to
the comfort of the practitioner. Plus by intrinsically having the human body available as a canvas for feedback signals, the technology can continuously and implicitly guide practitioners by giving
rich signals that fit the dynamics inherent in embodied interaction,
without needing conscious input.
The general challenge in developing technology for yoga practice
is finding a way to spread this originally holy and spiritual system to
the public, while convincing the main stakeholding parties to agree
with such developments and not impeding public acceptance. Although yoga was heavily popularized in the 1960’s, nowadays it
still does not have found a way to ingrain itself in mainstream culture, and remains a practice of the select few who choose its path.
Other than that it is often practiced as a mostly physical exercise
in a gym environment. A major challenge for this project was to
make the rich, holistic system of yoga more accessible to people
in an entertaining way. This way it should make for a first, playful
and undemanding introduction to the practice without abstracting
it to only a physical exercise, while staying true to the core aspects
of yoga.

Personally, I feel that introducing Eastern practices like yoga in this
time would be a perfect complement for the mostly outwardly oriented modern societies of today, because it can show people that
value, or happiness, does not need to necessarily come from the
outside, but can be generated by refining and developing what one
already has. Moreover, I think that by externalizing this introduction
into technology, these practices can be freed from social associations such as those with New agers, secluded monks and housewives, and lifted onto a new platform. This project should be seen
as a small step contributing to that larger mission.



flowtime: yoga and technology for an experience of flow
Flowtime consists of a short sleeved vest incorporating bend sensors at the shoulder joints, together with a detachable belt containing a respiration sensor, vibration motors, and a unit that does the
computation and communication to a central computer. During
yoga practice, this garment gives combinations of haptic feedback
on the lower back, visual feedback on a display, and auditory feedback, in order to help the practitioner synchronize his movements
and breath. As these progressively become aligned, the feedback
signal gets stronger and eventually should participate in an experience of flow.
The visual feedback signal is composed of several ‘vortices of energy’, represented by a spinning swirl. Each sensor signal is represented by its own vortex on the periphery of the screen, and a
larger vortex in the center indicates a rhythm that the practitioner
should follow. It does so by varying its speed of rotation in a way
that makes it seem as if a force is applied the vortex at regular intervals, more or less like pushing a person on a suspended swing.
Now after each of these pushes, the system determines which
sensors detected a movement or breath from the practitioner, and
how well these were aligned to the movement of the central vortex.
According to this alignment, the individual vortices can move closer
to or farther away from the central vortex. When they have ventured close enough, the individual vortices can merge and move as
one with the central vortex. This moment is visually strengthened
by glow and sparkle effects. As skill develops, the practitioner can
thus bring all sensor signals at one with the central rhythm to make
for a unitary flow of the body and the feedback signals.

Within the central vortex, a virtual character is displayed that indicates the movements to make. Occasionally, a voice is heard
that encourages the practitioner or gives instructions, with the text
being spoken also displayed on the screen. The user has the option to select and deselect different forms of feedback to his or her
liking for more freedom in composing one’s practice.
The first version of Flowtime offers three modes: a sun salutation, a
breathing exercise, and a ‘fists of fire’ sequence. A sun salutation is
a basic routine that takes the practitioner through the basic poses
of yoga. The breathing exercise offered requires the user to breath
in sync with a preprogrammed pattern, and the fists of fire exercise is a basic exercise promoted by yoga teacher Sadie Nardini
to build inner strength (Nardini, 2009). Here, one repeatedly moves
the arms up and down while opening and closing the hands. Future versions of the system should incorporate more poses and the
opportunity to compose one’s own sequences.
When one of the modes has been selected, the virtual yoga teacher is introduced and the system counts down until practice starts.
At all times can the user pause the practice by pushing a button
on top of the central unit. Also, a rotary control on the front of the
unit offers the functionality of changing the speed of the practice.
When the belt is detached from the garment, the device can still
be used, although now only feedback on the breath is given. When
decoupled from a main computer that gives visual feedback, the
device is not interactive anymore but does offer vibration signals
according to a fixed pattern, which would enable to practice the
exercises wherever you want.


The poses in a sun salutation or ‘Surya Namaskar’ A routine.

staying true to the original yoga teachings
Yoga is a very complex and all-encompassing system, ultimately
leading to a union of body and mind. Hence the word ‘yoga’, which
comes from the Sanskrit ‘yuj’, meaning ‘to yoke, to bind together’.
Yoga is founded on the conception that our body here on earth is a
reflection of a heavenly body that exists in a divine realm, and that
yoga is meant to reconnect the physical or gross body to this astral
or subtle body. Older forms of yoga emphasize that to set about
this reconnection, we should detach ourselves from the earthly
body, whereas newer, so-called postclassical practices recognize
that the earthly body is the vehicle that can bring us to divine states
of being (Feuerstein, 1998).

“A total perfection is the ultimate aim which
we set before us, for our ideal is the Divine
Life which we wish to create here, the life of
the Spirit fulfilled on earth, life accomplishing
its own spiritual transformation even here
on earth in the conditions of the material
universe. That cannot be unless the body
too undergoes a transformation, unless its
action and functioning attain to a supreme
capacity and the perfection which is possible to it or which can be made possible”.
Sri Aurobindo, 1949

What underlies all forms of yoga is the basis on Patanjali’s eight
limbs, which lead the practitioner to a progressively more enlightened state (Ankerberg and Weldon, 1996). These limbs range from
yama and niyama, focusing on self-control and performing duties,
to asana and pranayama, respectively the control of physical postures and direction of breath, to pratyahara, sensory control, dharana, deeper concentration, dhyana, deep contemplations from
occult meditation, towards samadhi, which means ‘occult enlightenment’.
The theory explaining how this happens includes the concept of
Chakra’s; these are vortices of energy residing along the spine near
glands and organs such as the heart, the pineal gland, and the
solar plexus. Metaphorically, a snake is said to lie at rest in the lowest chakra, ready to be awakened from physical reality and move
up towards the upper chakra towards Samadhi. This can be done
through the breath, because this accesses the prana or universal
life force, which circulates in five different forms through a complex
system of channels called ’nadis’. In addition to the energy moving
upwards through the chakra’s, another energy moves downwards
to manifest our consciousness in physical reality again (Judith,
2004).
Over a 5 millennia long history, various forms of yoga have emerged,
each focusing more or less on each of the limbs. The most popular form is Hatha yoga, which is part of Raja yoga, the path of
self-control, and focuses on the physical postures or asanas. The
also popular Ashtanga or Power yoga and Vinyasa or Flow Yoga
are variants of Hatha yoga, aimed at connecting movement and
breathing and mainly focusing on physical exercises. In Ashtanga,
the sequences of postures are fixed while in Vinyasa one is free to
arrange different sequences. Other types of yoga, such as Kundalini yoga, are less commonly practiced, and can also involve singing
mantra’s and rapid breathing exercises.





The challenge of adopting an Eastern system, based on different
values and ideas than modern societies, is enormous. More than
that, introducing yoga through technology is controversial as a devoted yogi would not need technology, but purely wants the awareness of the own body through the natural senses. However, some
yoga teachers I spoke to do believe in the augmentation of yoga
with technology, some believing that it’s inevitable that technology
is going to play a major role in making spiritual practices more widespread. There are some dangers inherent in having people practice
yoga or at least aspects of it without being guided by a teacher.
One of these is not giving appropriate postural adjustments, which
can lead to the development of the practitioner’s posture into potentially harmful configurations. Another is that people unknowingly
might enter realms of higher consciousness, and not being prepared for this and lacking the mental frame to interpret these experiences, it might lead them to think that they are possessed by “evil
spirits” and slide into “temporary or permanent insanity” (Ankerberg and Weldon). But while technology might induce this state of
consciousness, it might also inhibit it to occur for people who are
ready for such a state. Adding an external signal to the practice
might draw people out of their own sphere of development. It is for
this reason that in yoga practices such as Kundalini yoga, teachers
are never allowed to touch the practitioners. In forms of yoga such
as Power yoga though, teachers do give postural adjustments, as
good posture improves general health and using the right muscles,
such as always pulling the back straight and the abdominals to
the navel, make for a good flow of internal energy, which in turn
will fuel the process towards meditative states of consciousness.
In fact, many yoga teachers promote touching the students, as it
can sometimes be more direct (Krucoff, 2007) and lead to an expanding transformation (Stover, 2008), even a “sacred experience”
(Cohen). Experiencing human touch can be comforting, but also
violating and demoralizing (Krucoff 2007). Light touch may be most
helpful to encourage students to press into certain parts of the
body, although it can be counterproductive when students have
gone very deep inside of themselves, because it “brings them back

to an externalized state of awareness” (Ibid.) Barrett (2003) states
that results can be attained rapidly by the teacher giving practitioners real touches, to then gradually remove him or herself from
the process, and letting the student develop by himself. Flowtime
adopts this strategy in making the signal intensity attenuate as the
practitioner’s skill develops.
I furthermore recognize the dangers of developing technology for
yoga practice as valid, and agree that technology can never replace human guidance, or should ever attempt to do so. It lacks
the sensitivity and empathic abilities of humans, and mostly acts as
an abstraction of those abilities. However it does have advantages
of its own that could probably never be reached by human contact only. One is that technological artefacts can open up people
to expansion more easily, which they often feel less comfortable
with doing in relation to other people. As Marshall McLuhan (1969)
stated, “whenever we use or perceive any technological extension
of ourselves, we necessarily embrace it”. Technology can implant
new memes into societies by shifting the introduction of the meme
from a purely social level, and its association with specific cultural
groups, to one that is more shared by everybody. Another crucial
advantage of technology is that it is accepted more easily to guide
people closely. I think that because technology is abstract, people
feel more comfortable around it as ‘it’ can never know people fully,
such as learning their secrets, inner obstacles, anxieties, fantasies
and dreams. It is accepted more easily into the realm around the
body, from where it can install itself on the background of awareness but still have its active presence. This is where intelligent technology can have a major role.
This leads me to think that we should take a chance in developing
technology for yoga practice, because it might have the wonderful potential to open up societies and incorporate the wisdom and
holistic benefits of Eastern practices. People still need to rely on
social networks to gain awareness as to the dangers of this, and
these should also be mentioned in the user manual coming with

the Flowtime system, if ever it is going in production. My conclusion is that the way to deal with dangers of physical harm or even
what is labelled as mental insanity, is not to protect ourselves and
withdraw from these dangers, but accept them and go through
them in as much awareness and guidance from both a social and
technological side as possible, in order to expand, grow and excel
in life. According to me, this would be the truly yogic stance.
Flowtime can easily be seen as a simplification and commoditisation of the yoga system, but it stays true to yogic teachings in
several ways. The most important notion is that Flowtime does not
enforce or explicitly persuade people to practice yoga in a certain
way; it only guides with biofeedback that the user can ignore or turn
off at all times. It also has the practitioner do yoga for the sake of
yoga; it is not introduced as part of a game nor does it emphasize
improving the performance of the user; it merely makes aware and
guides. By emphasizing the asana and to some extent pranayama
aspects of yoga, this does not mean it necessarily inhibits practicing the other aspects of yoga. It does mean that Flowtime is
especially suited for Vinyasa/Flow yoga, but I think people would
more likely to practice other aspects or types of yoga later on, after
they first had a good, entertaining and motivating introduction to
yoga and the yogic way of doing things and are curious to explore
more. Flowtime offers a first taste of what yoga entails, while leading the user free to do yoga for the purposes that he or she needs
it for, beit a spiritual practice, having a moment for oneself, or just
a physical exercise.



from cognitive to embodied; theoretical underpinnings
The main functionality of Flowtime is to make a person experience
a flow in unison with his or her body. Here I will, on a theoretical
level, shine some lights on how this experience can come about.
As the skill level of the yoga practitioner develops, things seem to
happen more and more automatically. The Fitts-Posner model of
skill acquisition (Feygin 2002, Rosenbaum, Augustyn, Cohen, and
Jax, 2006) posits three stages in which this happens:
1.

.

.



Cognitive stage; learners attempt to form the overall concept
by gaining information, and separate elements of a skill are
deliberately controlled.
Associative stage; learners understand how parts of the
movement relate to one another, and integrate these parts
into more elaborate procedures that may be rapidly and flexibly deployed.
Autonomous stage; performance becomes more independent
of cognitive control and attention plays a diminishing role, the
performer becoming less vulnerable to interference from competing environmental cues.

The theory of sensory integration explains what happens physiologically. It postulates that the various sources of sensory information are integrated to form an internal model of the body that
the central-nervous-system uses to plan and execute motor behaviors (Dozza, 2007). The brain uses this model, also called the
body schema, to make ever more accurate predictions about the
perceptual consequences of actions. It does so by continuously
and reflectively comparing sensory feedback to a copy of the efferent signals that produced the action (Guadagnoli and Dee, 2004).
The body schema needs to be continuously recalibrated so that it
can weigh differently the motion information coming from the different senses (ibid.). Whenever the sensory information does not
accord with the model, it needs to be updated, which can require
conscious effort. So in yoga, it is not only bodily skill that gets optimized, but the increasingly complete fit between one’s actions and

the environment.
The limitation of such a cognitive perspective is that it treats humans as separated from their world, mentally generating motor
programs in order to learn to behave in it, whereas in the flow experience of yoga there is experientially no border anymore; human
and environment are experienced as one. This fits the dynamical
systems approach to skill acquisition, which treats the human as
intrinsically embedded in the environment.
Here, much of the memory is stored in the environment and in the
body, rather than in internal representations in the brain. Consequently, movement patterns emerge as a synergy from a complex
and dynamic interplay between variables in the body, the environment, and the task (Handford, Davids, Bennett, and Button, 1997).
Learning then, is “the process by which functional information from
the environment specifying a pattern to be learned becomes memorized” (Magne and Scott Kelso, 2008). It is an evolution of the
intrinsic dynamics of the individual within the constraints imposed
onto the dynamical system. These constraints can be organismic
factors such as the physical, mental or emotional state of the individual, environmental factors such as feedback in the context, the
task such as rules (Handford et al., 1997).
The continuous interplay between person and environment is chaotic and non-linear, but deterministic in that it constantly organizes
itself towards so-called ‘attractor states’. As Handford et al. (1997)
explain, “attractors represent system states in which component
parts are brought into relation with each other. At any instant, a
dynamical system is either temporarily settled into an attractor or
is flowing to an attractor.” The perfectly controlled performance of
a yoga pose would be an attractor, since the dynamical system
is either flowing towards or settled in this state. Skill acquisition
may then be “a process of `hollowing’ out a functionally appropriate attractor well into which the system can settle during a task or
activity” so that it can become “more resistant to the environmental

A visualization of a dynamical system developing towards a ‘strange attractor’. It resembles the three stages of skill acquisition.
Left: Coordination stage. Middle: Control stage. Right: Skill stage.

forces which could perturb the stability of the system” (Ibid.). In the
brain, this correlates to a certain pattern of neural connections increasing in strength, while other less successful patterns that were
stimulated during the search for an attractor decrease in strength
(Ibid.). It is important to note that the process of flowing towards
an attractor state is different for each individual, so the learning
process can be highly variable in both nature and rate (Magne and
Scott Kelso, 2008).

.

Skill: the components of the control structure become quantitatively scaled in a way that the reactive forces of the limbs
largely become responsible for movement, so their properties
are fully exploited and movement becomes increasingly fluid.

Dynamical systems theory also explains skill acquisition to occur in
three stages (Handford et al., 1997):

A yogic explanation of skill acquisition on the level of consciousness is given by Bleher. Learning is compared to kneading dough,
where awareness gets diffused throughout the body as one acts
and reflects during one’s practice. During this process, we go
through three stages, which seems to correspond with the other
three stage models of skill acquisition:

1.

1.

.

Co-ordination: the many degrees of freedom of the dynamical
system with all its body segments get properly related to each
other in a ‘soft’ or emergent assembly of temporary coordinative structures, in the end leaving only a limited number of
degrees of freedom unconstrained by muscle linkages.
Control: the coordinative structures are progressively released
and allowed to reform into different configurations as the learner becomes more perceptually tuned to the consequences of
particular movements, giving rise to a stable “performer-environment system” rather than a “muscle-joint synergy”.

.
.

One-pointedness; the practitioner learns to perform one action without being distracted
Many-pointedness; the practitioner learns to perform many
actions with a singular intent
No-pointedness; the practitioner learns to perform many actions without a doer, where the intent becomes absorbed in
the moment of doing

Here is a link to the concept of ‘flow’ as described by Csikszentmihalyi (1990) to give an experience where an activity is done for
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the sake of doing it, attention becomes ordered and fully invested,
and everything around them is forgotten about. Through this, one
passes the boundaries of his individuality, transcends acting out of
egotism or conformity, and becomes one with the system he is part
of, growing into an “autotelic self”. This makes a person always
involved in what happens around him and most of the time in a
state of flow (ibid.).
Csikszentmihalyi compares flow activities to yoga as the goal of
both is to gain control over consciousness. A difference is though
that while flow is meant to reinforce the self, the point of yoga is
to make a separate self disappear (ibid.). Flowtime is designed to
amplify the experience of flow, although to not contradict the yoga
principles it should not inhibit reaching the transcendent form of
consciousness that yoga can lead to. In the case that a practitioner
is willing to reach this state, Flowtime should support this.
To design for a state of flow and have the person fully engaged
in the activity, all conscious control should progressively let go of,
which means that Flowtime should catalyze this process to happen more easily. Thereto, it must itself, as a technological system,
recede into the background of awareness. This relationship to
technology is called “readiness-to-hand” by philosopher Martin
Heidegger. He conceptualized two fundamental ways in which we
can be related to technological artefacts (Dourish, 2004):
•

•
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An object is present-at-hand when we are consciously acting
on it, for example when we set the temperature of a steam
iron
An object is ready-to-hand when we act through it so the
equipment we use withdraws and becomes an extension of
our body, for example when we use the steam iron to iron
clothes

Readiness-to-hand is what Peter-Paul Verbeek (2007) terms an
‘embodiment’ relationship with technology, where the physicality

of an object “embroils us in its functioning” and becomes “transparent” (Verbeek and Kockelkoren, 1998). For a flow experience
in yoga, Flowtime needs to engage in an embodiment relationship
with the user, and subsequently the user’s body, surrounded by
the environment and the technology, also needs to reside into the
background of awareness. Ultimately then, one can reach the nopointed or non-positional consciousness and engage in an intimate
relationship with the world without thinking about it (Tomasi, 2008).
This would take the instrumentality out of technology so it is not a
means to an end anymore, which Heidegger’s ready-to-hand not
necessarily does (Tomasi, 2007). So Flowtime does not just need
to become experienced as ready to hand; it needs to bring about a
readiness-to-hand of everything, so the practitioner becomes one
with his practice, without any objectifying consciousness.

fitting the design to the theory
By redundantly offering visual, auditory, and haptic feedback, the
person is better able to optimize the body schema for yoga practice because there is more sensory information to integrate. A
combination of haptic and visual or haptic and auditory information
can be a strong support for skill learning processes, as seen in the
studies of Feygin (2002) and Grindlay (2006). Flowtime is targeted
at beginning yoga practitioners who are in the first stage of skill acquisition, but it can also guide them in other stages of skill developments, because of the richness of the biofeedback that is given.
The haptic feedback is composed of a series of pulses that moves
across the back, to which one can synchronize his or her movement and breath. The temporal pattern in which this occurs corresponds to the motion of a swinging pendulum. Thus, the feedback
has two directions, so one can couple a direction of movement and
breath to the direction of this signal. The main role of this signal is
that it acts as a guide for people in all three levels of skill acquisition and, when needed, can reconnect them to the purpose of
the exercise; reaching a state of flow through synchronizing breath
and movement. The intensity of the signal decreases as synchrony
increases, for the reason that when a practitioner gets more skilled,
he is less likely to need to rely on the signal. In the end, the purpose
of Flowtime is to make itself obsolete. Another advantage of this
decreasing intensity is that it saves battery power, which is a significant constraint on the development of wearable products. Also
for this reason, the signal is no continuous wave, but composed of
separate momentary pulses. These pulses have a fast attack and
slow decay so they are easy to tune into and still feel natural, rather
than a more rigid turning on and off of motors.
For people in the first stage of skill development, cognitive information is given by the virtual yoga teacher and her voice. There is also
a mode in which one can learn about all the asanas and the yoga
system through text and animations, in order to make the system
as complete as possible. During practice, one can always pause
the practice, and call up a menu that takes one to this mode, and

explanations about the pose that is to be done. This way, the user
is always in control, and is never enforced to follow along with the
signals given by the system.
Pausing is done with a button that is located on top of the bodyworn device, so it is always accessible and does not disrupt the
flow of interaction with the system. Chen (2007) advises for a flow
experience to occur, making choices should be embedded within
the core activity. An idea stemming from this is that a practitioner
could make specific movements as explicit input for the system,
such as pausing, selecting different modes or changing settings.
These movements could then be a part of the yoga activity, as a
kind of system specific asanas. The danger of this though is that by
introducing new movements to yoga practice, it might seem that it
does not take yoga seriously, for apparently it can be modified to
one’s liking. Introducing new movements might even be counterproductive to reach the state that yoga intends to effectuate and
thus I mostly make the division between movements that pertain
to yoga practice, and those that are intended to work upon the
system itself.
As higher levels of skill are acquired by the practitioner, Flowtime
offers several settings in order to keep challenging the practitioner
and have him employ his skills to the fullest extent. This is crucial to
keep practitioners in their ‘flow zone’ (Csikszentmihalyi, 1997). One
of these settings is the choice between ‘novice’ and ‘expert’ mode
for people with different levels of skill. In novice mode, the system
chooses easier postures and gives more verbal information, whereas in expert mode hardly any information is given and the practitioner has to mostly rely on the haptic feedback and background
animation on the screen. Another setting is the choice between
‘gentle’ and ‘hardcore’ mode, which respectively gives people a
little and a lot of challenge. In gentle mode, verbal messages are
slower and less frequent and feedback is less dynamic, whereas in
hardcore mode the virtual yoga teacher gives more corrective and
critical feedback. Another difference between gentle and hardcore
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mode lies in the system being respectively tolerant and less tolerant. This means that in hardcore mode, the user needs to better
synchronize his breath and movement to the guidance signal of the
system in order to produce the same amount of positive feedback
and reach a state of flow in unison with this feedback. In the future,
Flowtime should automatically adapt to a user’s level of skill and
willingness to be challenged, for example by keeping user profiles,
and learning from direct user data that it accumulates over time.
The visual feedback of Flowtime is designed so it requires a narrow
field of attention, which is a crucial requirement for exergames in
order to elicit a flow state (Sinclair, Hingston, and Masek, 2007). It
does so by basing all the elements around the visual center of the
screen. There is always a main vortex indicating the rhythm to be
followed. This vortex rotates with a fixed speed, and expands and
contracts in direct correspondence to the movement of the internally generated swinging pendulum, thus indicating both the performance of the practitioner and the signal to be followed. Around
this central vortex, smaller vortices are directly correlated to the
output of the various sensors, so they give immediate feedback to
the user’s breathing and movements. When synchrony of a sensor
to the central vortex increases, i.e. the speed of the vortex that
represents this sensor starts to match that of the central vortex,
the peripheral vortex grows in size and comes closer to the main
vortex. When synchrony of this vortex is high enough, it snaps into
and merges with the central vortex and starts to move in unison
with it. The goal for the visual feedback then is to have all peripheral
vortices merge with the central one.
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This biofeedback design concords with the progressive integration
of various components of the dynamical system into a fluid whole.
First the elements can be mastered separately, and then the user
can find a way for himself to unite them into one resonating whole.
Thus I do not simply reflect back the sensor signal, but have looked
to reflect what Handford et al. (1997) call the “essential relationships between performer, environment and task”, in this case the

progressive oneness towards an experience of flow. And in keeping the signal as simple as possible and sticking to the core of the
biofeedback, it becomes more easily understandable and as little
disruptive as possible during the experience, which is a main challenge of biofeedback (Dozza, 2007).
Further, the direct visual coupling between action and reaction, and
the direct coupling of the user’s body to the internal model of the
system through sensitive embodied sensors, make that it lets the
user completely free in his development. Flowtime does not coerce,
but only guides by providing this embodied coupling that invites the
practitioner to become one with. It does not impose constraints or
has people learn by a ‘textbook’ approach, but offers a motivating
environment for discovery and free exploration, as also advocated
by Handford et al. (1997). The system does not give any direct corrections according to a ‘hands off’ approach, which Handford et
al. also promote, especially in early stages of learning. They state
that coach intervention at an early stage may assist in assembling
coordinative structures as temporary solutions for immediate performance, but possibly without establishing those structures that
influence long-term performance. The hands-off approach is also
in line with my conviction that current technology cannot be sensitive and empathic enough to take over this aspect over from human teachers, but only provide awareness and mild guidance.

The on-screen feedback in
various stages. Flowtime starts
in a main menu, where the exercises can be chosen. Also,
a general introduction to yoga
can be accessed, as well as
personal statistics about past
practices.
During yoga practice, two orange vortices represent the
movement sensors, the blue
vortex represents the breath
sensor, and the grey centre
vortex represents the guidance
pattern.
Pressing the button on top of
the body-worn device brings
the user in the ‘pause’ menu.
Here one can flip through the
poses, thus getting an overview, rewinding or fast forwarding a sequence. One can also
get instructions about the currently selected pose, or end the
practice.
The browse menu offers an
overview of past poses and
those to come.
The instructions menu shows
several key points for each
pose that one can access more
information about.
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In order to make the garment as physically unobtrusive as possible
and have it integrated into the body schema as quickly as possible,
it is designed to minimize pressure on the skin as well as rough
textures, support quick wicking and evaporation of moisture, fit the
body well and allow for freedom of movement. Also, it is easy to
put on and off because it is a vest that can be closed with one popper, not needing to be pulled over the head. The belt is clicked into
the garment with 4 poppers, and fastened tight with Velcro. A belt
was chosen rather than a garment that integrates a more constrictive structure such as one that runs over the entire torso, because
a belt can integrate a breath sensor and vibration motors as well,
the only disadvantage being that the vibrations can run only over a
small vertical area of the back. For yoga practice though, physical
unobtrusiveness is extremely important, and generally loose fitting
clothes are advised. A test while wearing a tight Adidas Techfit
Powerweb confirmed to me that too tight clothing can be obtrusive and hinder practice. In the end I have chosen for a stretchy
moisture wicking fabric, of which the tightness can be adjusted
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by incorporating several poppers at different locations. This also
makes the vest and belt suitable for a variety of body sizes. Another
major challenge was to minimize rigid components. The only rigid
components now are the five vibration motors on the back and the
unit on the front, as well as the poppers. The main strategy was
to keep everything as small as possible, and where possible add a
buffer material so the rigid component is not in direct contact with
the skin. The breath and movement sensors are made entirely out
of soft materials, although unfortunately this is not possible for the
main unit and vibration motors yet. The front unit has been kept
as small and thin as possible, as from a test with a power yoga
practitioner this appeared to be more important than the width. It
does implicate that postures where one lays on the belly are not
possible to do comfortably, so this is the only main limitation. It
is possible to do a sun salutation routine as here the torso never
touches the floor.

Trying out the Adidas TechFit PowerWeb shirt during yoga practice.

product positioning
Flowtime is targeted at the health e-gaming market, a rapidly expanding segment of the video games market that incorporates elements of casual games, serious games, and exergames (Donner,
Goldstein, and Loughran, 2009). With a global sales number of 42
billion USD in 2007, where this number was 21.88 in 2002, and expected to be 68.4 in 2012, the video-games industry is one of the
largest and fastest growing industries in the world (ibid.). The global
market for health e-games is estimated to be worth 6.6 billion USD
(ibid.), of which 6.4 billion is generated by the exergames market.
Exergames involve physical activity, examples being Nintendo Wii
Fit and Dance Dance Revolution. Of all segments of the health egaming market, Flowtime resonates the most with the exergaming
market.

I think that although Flowtime would attract many people who are
already considered part of the exergaming market, it could also
expand this market because it is more than just physical exercise
that it offers. Because of the meditative, self-awareness aspect,
Flowtime could also attract people who are interested in relaxation
or spiritual health, but find the step to studio-based yoga classes
too large, fitness enthusiasts or non-core yoga practitioners. Still
to attract a large audience and make the system as accessible as
possible, I have positioned it as an exergame rather than either a
yoga, fitness, wellness or biofeedback product. Further, an important part of the marketing strategy is that it does not emphasize being yoga, as this would give connotations of spirituality that might
keep people from trying out the system.
A platform for Flowtime could be the Nintendo Wii. The reason is
that this is the most popular platform for exergaming, with a total
share of 98% in the exergaming market (Donner et al., 2009). As
such it could be sold to Nintendo or published by a third party.
There are a few competing products already on the market. Nintendo’s Wii Fit yoga application is a first introduction to yoga that
has people do one posture at a time. It measures the practitioner’s
centre of gravity through a ‘Balance board’ on the floor that he
or she needs to stand on. Feedback is given on a screen, where
the user’s balance is represented by a red dot that needs to be
kept within a yellow colored area. A handheld controller is used to
flick through the menus. Other software directed at yoga practitioners are Konami’s ‘Let’s Yoga’, and Ubisoft’s ‘Quick yoga training’
for the Nintendo DS. These applications merely give instructions,
without biofeedback. Other options for people to get introduced
to yoga are books, DVD’s, and free instructional videos accessible
through the internet. A system not yet on the market but patented
by Ichikawa (2008) gives visual and auditory information for yoga
practitioners. A display would indicate the pose and the timing to
base one’s breath on.
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adding value to current-day yoga practice
One of Flowtime’s unique selling points is haptic feedback that acts
as direct information for bodily movement. This mostly takes away
the need to consciously direct the gaze to a display for biofeedback. This can be highly limiting because in yoga each pose has a
direction of gaze of its own, and this is only occasionally directed
forwards. To have to take the gaze away can be distracting and get
the practitioner to lose his steady breathing rhythm and balance.

about a much richer experience that brings people closer to what
the yoga system was originally meant for.
A further advantage is that the input device is worn on the body, so
it does not need to be handheld such as with the Wii Fit, or walked
back and forth between in case the input device is not attached
to the body at all, such as when following content on a television,
laptop, or in a book.

Another unique advantage is that Flowtime is meant to elicit an
experience of flow. Other digitally mediated yoga experiences are
mainly based on a stop-go interaction, continuously interrupting
the flow. By emphasizing flow, Flowtime should be able to bring

From left to right: yoga in a group session, an online yoga teacher, and the feedback of the Nintendo Wii Fit.
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marketing
Core values for the Flowtime brand are:
•
•
•
•
•

Casual and accessible; Flowtime introduces people to yoga
without any further demands
Freedom; the user is able to practice in his own way
Personal enjoyment; learning to take moments for yourself
and enjoy them to the fullest
Control; becoming aware about aspects of oneself and learning to control them
Adaptivity; adapting to each individual user to implicitly create
the practice that suits the person

Flowtime’s logo represents what the brand stands for. It communicates that Flowtime gives you a dynamic practice that is centred
upon your enjoyment and development. The logo’s light and open
feeling exude accessibility and freedom, while the controlled and
balanced look add to a feeling of refinement and control. The name
‘Flowtime’ was chosen because it sounds casual and experiential,
without making references to esoteric terms.
Because Flowtime is a relatively new and specific product that
different markets might adopt, I adopt a strategy Kotler (2000)
terms ‘product specialization’. This means that you try to build up
a strong reputation in a specific product area by introducing the
product to several segments. Focusing on a single segment would
contain more risks, such as changes in buying patterns, or new
competitive products taking over the segment (ibid.).
Marketing will initially be targeted at lead users, as these are the
people in the market segments that are most likely to adopt new
technologies, because they face new needs in a market the earliest
(Luthje and Herstatt, 2004). Then they can spread awareness of
the need and innovation through the market.
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personas
To keep the users in mind during the design process, I set up
three personas to represent these lead users. This was done in
an ad-hoc fashion, that is without rigorous market research, which
is justified by Norman (2004) to be “wonderful tools for building
understanding and empathy into the design process in a way that
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“Another day full of meetings lies ahead for Dan McAllister, who
has just finished his morning bathroom rituals, noticing that he
is still looking sharp, although some grey hairs are popping up
on his skull. While he’s preparing his cereal, a shrill symphony of
bleeps surrounds him. A text message from a business partner.
The microwaved chicken is done. The last-minute print job got
jammed. The robotic vacuum cleaner has run into something. The
alarm clock on his watch says it’s time to go. August 30th, 2011,
6.40 AM. Checking whether he isn’t wearing his shirt inside out,
Dan steps into his automatic car, and his mind is starting up with
the usual kind of thoughts. “Which girl will I date tonight?”… “How
much profit will we have made this month?”,,,”Isn’t my success
blinding me from something larger?”…”Could the poisoning of one
of my customers by one of my robots have been prevented?”…”
When will I start reading that book on meditation?”

would be impossible with any other method.” The personas were
set up according to guidelines given by Lene Nielsen (2002, 2007),
who advises that personas should be created as so-called ‘rounded characters’ with a deep and complex psychological narrative,
rather than a predictable stereotype.

“The vacuum cleaner is starting to feel heavy as Toy Braxton drags it along through
the room. Her usually strong back has been playing her parts, especially since little
Robbie still treats her and the things she uses as a climbing frame, even though
he is not that little anymore. With three disobedient kids and one cat equally ill-behaving, the domestic pandemonium sometimes stresses Toy’s limits to the utmost
extent. It leaves her wondering if the nanny’s prettiness is why the kids seem to like
her better. She decides she will have to buy that new facemask and that Gucci bag
she’s been dreaming about, while in the meantime lighting up another smoke. It’s
about time she gets to show new goodies to all of her friends too, and sustain her
local image as ‘the queen of novelties’. Little Katie has been mentioning a game
for her Nintendo Wii lately that even sounded interesting for Toy herself, although
she wonders if the savings for this month will allow another expenditure. As always,
seeing the smoke filling up the room makes her feel more at ease about all this, and
more present in the current moment. But soon it makes her worry about what time
Bill will come home tonight, if he does at all.”

For Dan, a main advantage of Flowtime is that it is a complete system for yoga that can be used quickly and easily. It saves the hassle of reading about yoga and finding good sources of guidance,
but instantaneously brings him into yoga practice itself. Plus the
system will fit his technological lifestyle, and by offering a clean and

“A slash, a perfect dodge, and a heroic finishing move make Zornicon master
of the battlefield again. It’s time for the next conquest to become the ultimate
hero of Warcraft. Then a panicky squeak sounds from far away. “Nice, Xorpeon has done the job again, his killer sting is getting more and more perfect
with each mouse I feed him”, Barry Hubble thinks. Indifferent and skeptical
about society as he is, Barry has come to realize that he needs to get out of
his shell of spending life as a virtual avatar more, especially when considering the vigorous pain he’s been feeling in his spine since the 72 hour gaming
marathon of last weekend. Some regular physical exercise would surely do
him good, Barry thinks, although none of his friends do that. In a silent hope
that his experimental music will make him popular among certain groups of
people, Barry starts playing his electric guitar, wearing the cool but slightly
oversized shirt with a glow-in-the-dark ‘Space Invaders’ print on it that he
recently ordered from an online shop.”

simple aesthetic of both form and feedback signals, he is taken
away from a stressful, information overloaded environment. Dan is
getting interested in changing things about his lifestyle, so potentially yoga can provide him with a complete path to what he is looking for. Thereto, it is important that Flowtime does not contradict
the original yoga teachings but can help Dan to take advantage of
the meditative and transformative effect of yoga practice. Another
advantage is that the belt can be worn standalone, which can help
Dan calm down in moments of stress through offering guidance in
breathing exercises.
Toy would probably mostly appreciate the comforting and accepting character of the system. By wearing something that gives calm
signals on the body, and hearing a person speak in a calm and
positive voice, she is likely to feel more reassured and emotionally
calmed. The look and feel of the Flowtime visual environment can
be changed too. Where by default it is simple and rather abstract,
a variety of backgrounds and character designs will be available to
suit different moods and personal preferences. The ‘gentle mode’
of Flowtime will be especially suited for Toy, as it stresses relaxation
and enjoyment rather than optimization of skill. Flowtime is not only
comforting, but also promotes some discipline and motivation,
which Toy knows she needs, but is afraid to seek help for through
other people.
For Barry the ability to separate the belt will be crucial, as this way
he can use it during the excessive time he spends behind a computer, and not forget about his body’s needs. He has a high capacity for cognitive learning, so a sufficient base of information,
especially concerning physical health and posture, will also attract
him into buying the system. Flowtime for Barry is mainly a means to
redress balances that he already recognizes to be at a critical point
and it is time to take action. It is not meant to fit his identity, but
rather give him some time away from it and potentially even expand
him beyond his identity. This is why Flowtime does not intend to
match the style he likes visually, but stays ‘yogic’ in look and feel;
the intention of the technology just does not match this style, so
any attempt to do so would inherently be a compromise.
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technology and wearability
As wearing comfort is crucial, it was of paramount importance to
make the technology as unobtrusive as possible. Here I will explain
first the material technologies employed, to later get to the electronic technologies.
The base fabric chosen for the garment is supplied by Toray. Their
product ‘Fieldsensor R’ is a stretchy moisture wicking and quick
drying fabric, composed of coarse yarns on the skin surface, and
a mesh on the outer surface. This is made of recycled polyester
yarns, adding to the eco-friendliness of the product. The base fabric of the belt is also supplied by Toray, and made of a non-stretchy
fiber along the warp of the fabric, and a stretchy yarn called ‘Primeflex’ in the weft direction. This fabric feels exceptionally light, soft
and comfortable, and maintains shape without wrinkling. To amplify
the soft and comfortable feeling of the garment, I added elements
made of a 3D spacer fabric, such as the collar of the vest and the
inside of the belt. I used these fabrics that are widely used and
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associated with sportswear rather than fabrics like Bamboo and
Lyocell that are more associated with environmentalist or New Age
movements, because it matches the targeted exergaming market
better. Later, when needs arise for the product to diversify into different market segments, a completely eco-friendly or ‘natural’ version might be developed.
The breath sensor is the only material that gives stretch to the belt
in horizontal direction, so all stretch will be concentrated in the sensor, thus optimizing its accuracy. The sensor is made of a conductive fabric called EeonTex, type LG4720-SL-PA-10E4, supplied

by Eeonyx. It is made of Lycra/nylon coated with the conductive
polymer Polypyrrole, and has a resistivity range of 80 kOhms in a
relaxed state to 20 kOhms on full stretch. The backing of the sensor is a spacer, so the conductive material does not touch the skin
directly, and the sensor is more durable.
I invented an alternative breath sensor by zigzag stitching conductive thread into a thick elastic band, but although accurate and
fairly linear, its resistivity range and durability are lower, and it takes
more time to manufacture than the EeonTex based sensor, so I decided not to employ it. The same drawbacks I found in the looped
yarn sensor as proposed by Strazdiene, Blazevic, Vegis, and Dapkuniene. (2007).
I tried out Polypyrrole coated conductive foam as well, but however comfortable to wear, this material appeared to have too much
inherent non-linearity and hysteresis effects. The latter means that
the resistance of the sensor is influenced not just by the amount it
is stretched, but also by the dynamics of stretching that preceded

the current stretch, i.e. it is a path-dependent system. A main advantage of this foam would be its usability in a loose fitting garment, because when the fabric bends, the 3D structure of the foam
would generate compressive forces so the amount of bend can be
measured. As Lucy Dunne (2007) indicates though, the sensor is
not very usable as a gradual sensor, but mostly finds its application
in its use as a switch.
For the movement sensors, I chose to use fabric bend sensors
worn underneath the axillae, or armpits. These are made of a layer
of EeonTex LG4720-SL-PA-10E4 which is sandwiched in between
two thin layers of rubber foam. Looped through these layers in a
zigzag fashion is conductive yarn, so that when the layers of foam
are pressed together, the wires can make contact through the central EeonTex layer. Thus, when this sensor is pressed upon or bent,
its resistance changes. The construction of this sensor is based
upon the sensor design developed by Plusea, although instead of
EeonTex they use a conductive rubber foil called Velostat, and instead of rubber foam they use neoprene with Jersey bonded to it.

Left: stretch sensor using conductive yarn with a stitch length of 0.5 mm and width of 5 mm. Middle: this sensor applied as a bending sensor to be worn over a joint.
Right: Behaviour of the stitched stretch sensor different circumstances, such as being soaked in water or NaCl solution resembling sweat.
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Instead of conductive yarn I also tried to use the highly conductive
‘Zelt’ fabric supplied by LessEMF. However simplifying the construction and making the sensor thinner, it drastically lowers the
resistance and reduces the output range. A high resistance is desired because a voltage divider is used to precondition the signal
for the microcontroller, and with high value resistors these draw
less current.
Another way to sense joint movement with a fabric based sensor is
to use a stretch sensor, such as the one with the zigzag stitch described above, over the outside of a joint. This appeared to work,
although it reduces wearing comfort to need an elastic band that
covers a joint.
Accelerometers are an obvious method to measure movement. A
great advantage is that they do not necessarily require a skin tight
garment, whereas with the other methods at least some closeness
to the skin is necessary. I did not use accelerometers for the main
reason that they are made of rigid components, and I wanted to
stick as much as possible to the design approach of exploring the
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potential of purely soft technology. Also, to derive the speed of
movement, the acceleration would need to be integrated, which
adds some computational challenges. One is that the signal would
have to be occasionally recalibrated, as the accuracy over time
decreases.
For actuation, I chose to use coin-type, or ‘pancake’, vibration motors. These are thin, work well, are widely and cheaply available,
and are already used in wearables such as the HugShirt, a massage
vest (Chung, Chiu, Xiao, and Chi, 2009) and a feedback system for
hockey players developed by TNO. Pager motors are another type
of vibration motor, widely implemented in mobile phones. These
consist of a cylindrical part with an eccentric rotating weight on top
of it. They are a bit stronger than pancake motors but also larger
in size and thus less comfortable to wear when laying on top of
them. They also require a rigid protective shell as pager motors
have a visible moving part. An ideal alternative would be to use
the C1 Tactor from www.tactors.com. These give a perfect pointlike sensation on the skin although with 250 USD a piece are too
expensive to integrate. Another approach is to use shape memory

From left to right: EeonTex based breath sensor, conductive foam bend sensor, Velostat sandwiched between conductive Zelt fabric and
rubber foam, and a stretch sensor drawn over a pleated spacer fabric so it senses bending.

alloy or Nitinol wire, which expands and contracts according to
the voltage applied on it. Liane Wester (2008) has implemented
this in her garment for yoga feedback. Significant disadvantages of
Nitinol though are that it generates heat, is difficult to integrate into
textile, and has a limited actuation range. Furthermore, purely soft
actuation technologies such as those based on carbon nanotubes
and inkjet printed hydrogels are too new innovations that are still in
development, and not widely available for application yet.
Flowtime implements the vibration motors supplied by Budgetronics. These have a diameter of 12 mm and a thickness of 2.7 mm
and with that is one of the thinnest motors I was able to find. It
further has a good strength, a relatively low power drain of 50 mA,
and a speed of 14.000 rpm. This speed translates to a vibration of
233 Hz and with that comes close to the ideal frequency of 250 Hz
to which the mechanoreceptor in the human skin called ‘pacinian
corpuscle‘ is most sensitive (van Erp, 2002).
In the final prototype, I implemented the Arduino Mini microcontroller to do the signal processing because of its small size and
easy programmability. It runs the Firmata protocol to communicate
to a Processing environment that is run on a PC and can con-

nect either through the Xbee wireless communication protocol, or
a USB cable connection.
Power is supplied by two rechargeable 3.6 V CR2450 buttoncell
batteries with a capacity of 200 mAh [sparkfun]. These were chosen for the small size and relatively high capacity. Interesting other
power sources are the thin film printed ´Power paper´ [powerpaper.
com] and flexible lithium-polymer ion batteries, but these are still
too low in capacity.
For carrying the signals across the garment, I chose to use Bekaert
Bekinox VN conductive yarn. This is made of stainless steel filaments and has a resistivity of 0.5 Ohm/cm. It does not fray much,
is strong, and can be used in sewing machines, which are the main
reasons for using this yarn. To connect the belt and electronics
device to the garment I use poppers. These connect to the garment with a silver-plated non-stretchy conductive flat-knit textile
called Shieldex Balingen. It is soft to touch, antibacterial, and does
not fray, plus has an interesting color and texture. The conductive
yarn then is stitched through this fabric and reinforced with hot melt
silicon glue. Further, I constructed the garment so the skin never
comes in direct contact with yarn or fabric containing metal.

Left: electrical connections to poppers. Right: vibration motor encapsulated in rubber foam and heat
shrink, then connected to fabric using conductive fabric, conductive yarn and hot melt glue.
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iterative prototyping
The Flowtime project was based upon the ‘reflective transformative design process’ (Hummels and Frens, 2008). It shows how
design can be approached in a “holistic” way and comprises multiple activities: developing a vision for the transformation of “reality”,
developing knowledge through analysis and abstraction, while as
well developing embodied knowledge through action, and lastly,
validating the quality of the design in society. An important part
of this is iteratively creating prototypes that reflect the system to
be developed in an as high fidelity as possible already early on
in the process. Especially for yoga, although I have used a lot of
theoretical background to get more familiar with the subject matter, embodied knowledge was also essential. Therefore, I mainly
started doing yoga myself and used myself as a test subject for
quick decision making. Also, I took a few prototypes to other yoga
practitioners in order to gain early user feedback.
The first prototype consisted of pager motors that I made to vibrate
in various patterns, and held over several spots on the skin. Later
these were integrated into a hoodie by means of poppers. I tested
six vibration effects while doing the ‘sun salutation A’ yoga routine.
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Conclusions from this test:
•
when motor signals overlap, the signal appears to be smoother
•
if the motors make a calm sound this is not distracting
•
a continuous intense pulse is too persistent
•
brief taps are somewhat annoying and not well perceivable
•
it seems that the more smooth and continuous the signal, the
easier it is to ignore
•
a linear gradual change is a bit dull, maybe change should be
more exponential, or like a Bell curve
•
randomness is useless and for a while distracting, but in the
end still ignorable
•
a long wait between signals makes you start to anticipate and
predict, which requires conscious effort
•
continuous change keeps people involved in the moment and
prevents the need to anticipate, plus it prevents adaptation
•
the vibration motors should be kept close to the skin
•
having motors on your chest can feel awkward and elicits
medical associations
•
the skin is most sensitive on the lateral side of the torso, lower
spine, triceps and upper chest
•
the strong vibrations can give aftereffects on the skin

Six vibration patterns using two motors. From left to right: continuous transition, three taps, fast attack-slow decay, continuous repetition of pulses, a continuous pulse with announcement of transition, randomly timed pulses.

User tests with a power yoga practitioner (top)
and a Kundalini yoga practitioner (bottom)

I implemented the first pattern into a belt with 4 coin type vibration
motors of the type ‘C0834B011F’ supplied by KOTL Jinlong Machinery. They are 8 mm in diameter and 3.4 mm thick, with a speed
of 12.000 rpm. On the front of the belt is a white enclosure containing a Lilypad Arduino, power supply and motor driver circuits. When
turned on, the belt produces a smooth signal across the back with
a fixed frequency. This frequency can be altered by pressing a button on top of the front unit.
This belt was tested with a power yoga practitioner at Studio Saffrie. She mentioned that the wearing comfort of a belt is fine, and
familiar as there are other biofeedback products available for sports
like running, which are incorporated into a belt. The main drawback
is the size of the casing on the front. This required the practitioner
to move the belt during twisting poses and forward bends, which
interrupted the flow of her breath. Further, the vibrations were ignorable and not disruptive.
Another test was done with Ingrid Bal, who practices Kundalini
yoga and guides sessions as well. She mentioned that a pause in
between the inbreath and outbreath is good, but the pauses can
be even longer. There should be a pause when transitioning from
inbreath to outbreath, as well as vice versa. Also, stimulating people
to breathe more slowly and deeper is good as this raises awareness
of one’s bodily and perceptual capabilities, and redresses hormonal
and emotional balances. She valued the possibility to adjust the frequency during your practice, and mentioned that it would be even
better if the signal automatically adapted to the practitioner’s breath
so the system becomes more interactive. A drawback of this system she mentioned was that it can take away attention from the
practice, and interaction with the own body, and draw it towards
the signal instead. Furthermore, a general remark she made was
that movement of the arms is less essential for energy flow in the
body than for example the neck, spine and legs, as this is often
where the knots are located. By emphasizing joint movement you
run the risk of treating yoga as a mere stretching exercise.
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To further explore the interactivity, I created a prototype that I could
hook up to a PC with visual and auditory feedback. This prototype
incorporated a belt with 6 pager motors and a respiration sensor,
a handheld device with the size of a Wiimote that contains an accelerometer, and a USB connection to a PC environment.

because the pendulum would react in unexpected ways and because the pendulum would often change, it was harder to get to
a state of oneness with the pendulum. I therefore discarded this
nonessential tangent of the project and went for a manually adaptable frequency instead.

I set up a software environment with a virtual yoga teacher, audio
messages, a visual swinging pendulum and a tone that represents
the speed of the pendulum. All these options can be turned on or
off on the screen, by hitting tick boxes. Further, the direct signal of
the sensors is visible on the screen as well in the form of graphs. In
the background, an animation indicates the synchrony of the user’s
breath and movement with the pendulum, by means of blue bubbles that wave across the screen with variable speed and height.

To calculate the synchrony, I developed an algorithm that analyzes
the breath and movement over the last swing of the pendulum.
I map all the values from the breath and movement sensors on
a scale from 0 to 1 to only analyze the temporal variation. Then

Another option I experimented with is to make the pendulum adaptive to the user’s respiration frequency. An idea is to try to progressively slow down the breath by giving negative feedback, e.g.
a higher intensity signal, when the user’s breath increases, and a
lower intensity signal as it decreases. However such a thermostatlike system is already patented by Kirby (2008), which gives air
pressure on the body. I pursued the option to have the pendulum’s
frequency adapt to the user’s frequency, so a state of synchronicity would easier be reached. After every two breaths, the system
determines the user’s respiration rate and subsequently slowly and
gradually adapts the length of the pendulum so that it starts swinging more in unison with the user’s breath. The algorithm I wrote was
inspired by Lu (2006) and Lukocius (2008). It is based on detecting
the peaks by judging when the signal passes a threshold value
and then calculating the respiration rate from the average distance
between the peaks. The threshold value continually updates based
on the lowest valley and highest peak in the analyzed signal. To filter out noise, a moving average filter was implemented. In the end,
this proved to be moderately accurate, although sometimes the
system would erroneously detect an extra peak. This significantly
affected the behavior of the system and could make it annoying,

On-screen feedback with yoga teacher, background
animation, swinging pendulum graphs reflecting sensor
signals, settings, and pause/play buttons.

I determine the synchrony based on the average distance of the
peaks of the sensor signals and that of the swinging pendulum, as
well as the average difference between the values of the sensors
and that of the pendulum. When a sensor signal does not reach
above a threshold value, the algorithm disregards it and only takes
into account the signals that did reach above the threshold. So for
example when the user takes a break and stops moving, only the
breath is taken as input for the synchrony calculation. It appeared
that this algorithm worked moderately well, although the sensor
signals were a bit too noisy to make it really accurate. Experientially,
the system often did not seem to meaningfully respond and therefore I decided to also discard this way of determining synchrony
and develop a very simple algorithm.
The final algorithm is simplified in that it simply determines when
the most joint and breathing movement takes place and compares
this to the pendulum’s movement. If most of the movement takes
place when the pendulum is moving the quickest, and the least
movement when the pendulum is moving the slowest, the system
regards the user as moving in sync. This will be determined by a
threshold value. When in sync, the wheels on the screen will come
closer to the center. Otherwise, the wheels slowly revert back to
their original position.

Three interactive prototypes. Top: a hoodie
with vibration motors on the back. Middle: a
waistband with vibration motors on the back.
Bottom: a waistband with respiration sensor,
handheld device with accelerometer, and central unit that connects to a PC.
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The final prototype contains an electronics enclosure that measures
134x42x25 mm. It consists of two main shells that are secured
with M3 screws. The rotary knob consists of a 250k potmeter with
a wheel mounted on top of it. In this wheel, a silicone rubber part
with a shore A of 30 is secured to increase grip to the finger. A
pushbutton connects to the pause button, and the on-off button is
attached to a switch, so the button can slide in two directions. Poppers are glued to the back of the device to connect to the garment,
and to these poppers electrical wires are soldered that connect
through holes to the inside of the enclosure. The five plastic parts
should be manufactured out of ABS because of its light weight,
good shock absorbance, strength and toughness. The front will
get a soft feel coating applied to it for a more personal, friendly
feeling. The prototype was manufactured with a rapid prototyping
machine, cleaned with water, sanded, and painted.
As for the garment, I first did a study with a cheap, non-stretch fabric in order to verify the pattern and the drape of the garment. The
final garment was then made using conventional sewing machines
and a lockstitch machine.
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Study garment.
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Patterns for the garment and belt.
The breath sensor is shown in dark
brown. The sand colored elements
are made of conductive fabric.

creative explorations
There are a lot of interesting alternatives for developing technology
for yoga practice. Here is a short overview of the main creative
explorations I did.

still limited in scope. Also, the system is reactive, while it would
probably more useful to provide biofeedback that continuously
guides and motivates people to follow along.

In the beginning of the project, I developed six global concept directions from which Flowtime emerged. These directions were roughly
based on various biofeedback paradigms (Raczynski, Thompson,
and Sturgis, 1982).

The ‘asana planner’ lets you plan a sequence of asana postures in
advance. The garment will then indicate when to do which exercises through coded representations on the body. This would be
especially helpful for beginning yoga practitioners who have trouble
remembering how to physically attain a posture. Also, this would
allow you to do yoga without having to be near a virtual or human
yoga teacher. A disadvantage is the cognitive load, as users basically need to learn a new language, and ‘conversing’ with the user
in this language would distract the user. Also, the system loses its
value once the user has memorized the postures.

The ‘posture scaffolds’ concept is a wearable system that continuously compares the practitioner’s movements and posture to that
of a virtual yoga teacher. It gives direct feedback as to how various parts of the body differ from that of the ‘correct’ pose of the
yoga teacher. Thus you would feel directly where you would have
to make adjustments.
A drawback of this is the complexity of the system, because basically you would need a full body motion capture system with a way
to give feedback over the entire body too, to make the system
as complete as possible. Another more fundamental drawback is
that individuals intrinsically differ in their anatomy, so it would never
be possible or good for people to exactly match the prerecorded
postures of the master. It is still an interesting idea to have a background awareness of another person doing yoga, which you can
use as a guide, but for this project this was too ambitious.
The ‘over the hill’ concept is inspired by the notion that yoga practitioners often have crucial moments that present them with a challenge, either physically or emotionally. Here, people need just that
little bit of confrontation and encouragement to ‘get over the hill’
and uplift themselves. A garment could detect difficult moments,
or ‘stumbling blocks’, and acts as a motivator to get through these
moments, for example with a timer that has people hold a pose for
a while, possibly coupled to reward and punishment. This would
be a valuable addition to yoga practice as guided by a teacher, but

The ‘movement mirror’ concept purely makes the yoga practitioner
more aware of his own bodily movements by feeding these back
directly on the body, like a mirror that works proprioceptively, or
a haptic compass of your own body. Various sensors on various
body parts would be linked to a signal localized on a small area of
the skin somewhere else, such as in a belt.
The ‘meditation mediator’ gives biofeedback in order to induce
the state of consciousness called ‘Samadhi’, the ultimate goal of
yoga. It could give galvanic skin resistance or alpha wave feedback
on the body in order to maximize relaxation and the likelihood of
attaining an altered state of consciousness, as these are physiological correlates to meditative states of consciousness (Fischer,
1971). In the 1960’s and ‘70’s this has already been proven to
be successful to some extent (Vait, Gruzelier, Jamieson, Lehmann,
Ott, Sammer, Strehl, Birbaumer, Kotchoubey, Kubler, Miltner, Putz,
Strauch, Wackermann, and Weiss, 2005). However greatly interesting to introduce this to the market as a commercial product,
this sort of innovation does have clear connotations to spirituality
or at least wellness, and with Flowtime I intended to reach a wider
audience. Biofeedback systems to induce relaxation have not yet
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took off and spread out among the masses, and I feel this is because of these connotations with groups people cannot identify
with. More fundamentally, such innovations would draw people
away from their everyday lives and introduce a detached, purely
mental state of meditation, introducing an almost Descartian split
into people’s lives between mental and physical wellness. Interesting about yoga is that it holistically trains people to reach meditative
states with both body and mind, plus that they can physically apply
these principles throughout their everyday activities too. Therefore,
I decided to focus more on the bodily aspects and discard this
concept direction.
In the ‘self synchronizer’ concept, a garment gives dynamic feedback about breath and movements in order to synchronize these
processes. This emphasizes the interplay between mental and
physical, which is essential to all yoga practice. Because of this, it
seemed the most interesting direction to explore.
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Based on the initial idea generation and personas, I generated
three product concepts. The first is a separate belt with vibration
motors and stretch sensor in a custom designed buckle. Stretch
sensors sewn into a vest across the beck and arms connect to
the electronics enclosure stored in a pouch on the lower back.
This concept would start out in a niche market, such as businesspeople with high salaries, high stress levels, and a high willingness
to spend on and try out new innovations. The second concept
is a belt that serves as an additional input device for the Nintendo Wii Fit system. Motion data comes from the Wiimote, which
is strapped around the wrist. The belt provides respiration data,
and gives vibrotactile output on four spots on the belly. A software
application for the Wii gives visual feedback during practice. This
comprises a yoga teacher on the foreground, as well as a swinging
pendulum to follow and a number indicating a score. In the background is an animation composed of dynamic graphs that wave
across the screen and directly reflect the sensor output signals.

An animated ocean wave represents the amount of synchrony the
user is reaching, and when this is high enough, a special ‘Flowtime’
mode is entered, announced by a special event such as a sun rising, and jumping dolphins. I later evaluated such approaches, with
various elements in various locations on the screen, as too much
spreading the attention, and went for a simpler output with one primary area of focus. Also I left out the score as immediate feedback,
but chose to make it available after the practice, when one can
analyze the data generated during the session and reflect on one’s
practice. Another concept is a tee shirt that gives haptic feedback
on the spine in order to keep the wearer aware of the curvature of
his spine. In gaining awareness, the user will automatically start
to recalibrate his spine in order to keep it as straight as possible
during his daily activities. The system has two modes: active and
calm. In the calm mode, the system would gradually start to give
feedback when the spine curvature has been declining over time
while in active mode, the system responds immediately to spine
curvature changes. In calm mode, the shirt would be usable as a
background awareness system during everyday activities such as
using a computer. The active mode is more suitable for acquiring
an optimal control over the spine for example while practicing yoga
postures. This could be a quite low cost product to be distributed
in sportswear stores. For power, it could rely on a combination of
batteries and flexible solar panels.

Six concept directions. First column, from
top to bottom: posture scaffolds, over the
hill, asana planner. Second column from top
to bottom: movement mirror, meditation mediation, self synchronizer.
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Left: a suit with a network of nitinol wires that act as a full body pressure display.
Middle: A suit that gives temperature changes on the body, as well as color changes
through thermochromic ink on the fabric. Right: A modular system comprising rings
that detect muscle vibrations and deviations in posture, and give localized feedback.
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Top row: On the left is a system consisting of different modules, which each incorporate a sensor and an actuator. Through
a wire, these are connected and can be placed on any part of the body. A modular system has the advantage of freedom, as
the user can choose how many modules to wear and where to wear them. He or she can then not only alter the biofeedback
signal, but also the physical connection to the human body, which opens up more freedom for exploration. In the middle is an
impression of a shirt incorporating individually controllable inflatable compartments. On the right: a head mounted projector
makes for always accessible visual feedback. Bottom row: various approaches for products that incorporate a GSR sensor.
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3 concepts: a vest with a separable belt, a shirt giving spine
curvature feedback, and a vibrotactile belt for the Nintendo Wii.

Elaboration of the ‘Wii Vibes’ belt concept.
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The Nintendo Wii belt concept is the most viable to generate a
product that can be put on the market and that can holistically
introduce people to yoga. The intention of the project however was
also to explore the potential of wearables and electronics, and create a more future oriented concept. The project has no commercial
client and is meant to inspire new innovations by showing how
electronics and garments can be united. Therefore, I chose to use
the business part of the project more as a guideline and chose to
develop the vest with a separable belt.
While exploring the form of the garment in combination with manufacturability further, I came to the following design decisions:
•

•

•

•
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•

The vest has short sleeves because this feels cooler during
yoga practice while still allowing to measure movement in the
arms. Yoga practitioners usually wear short sleeves, or in the
case of women, sleeveless tank tops.
Sensors are located underneath the arms because they react to pressure, and when placed over the shoulders would
probably give a lot of noise, especially when standing on the
shoulders. Also, this allows the sensors to be easier to connect to the belt.
A belt integrated with the garment would be aesthetically
much more interesting, probably cheaper to produce, as well
as make the garment easier to handle. After discussion with
a person who has led a ready made clothes company it appeared that several of my design proposals were very complex, and would take several iterations of garment making, for
which the scope of the project didn’t allow at the prototyping
stage. Therefore I chose to keep the belt and garment separate and keep integration as an interesting future direction.
A belt was chosen as the only skin tight element to maximize
wearing comfort. Especially the breast area is critical for women.
The garment and device are mostly white with grey and brown

elements. The color black was considered but disregarded
as having connotations of sophistication, elitism, distantness,
and performance, while white better exudes accessibility.
Besides the garment, the casing for the electronical components
is a crucial element for it is the only rigid element that will unavoidably reduce wearing comfort. I chose to put it on the front of the
body as this makes it more accessible for interaction, is a place
that usually comes less into contact with the floor in comparison to
the back, and gives the design as a whole a face, so to speak. To
reduce discomfort, minimizing the dimensions was key. It was also
important to minimize the visual size, so people perceive the device
as less obtrusive just by looking at it. Therefore, I used a chamfered
edge all around the side of the product, and made the front shell
as thin as possible. Also, it is lighter than the back shell, so focus
is on the thin part, which increases the perception of thinness. The
rotary knob is set back into the device and surrounded by a rim, to
minimize accidentally touching the control. Also for this reason, the
pause button is shaped flush with the product body.

Sensors could be fused to
the fabric e.g. in TPU or
Neoprene strips. They could
also be sewn in in various
ways.

Here, the breath sensor on the
back is incorporated into the
garment such that when the
wearer breathes in, a slit in the
garment opens and reveals a
bright color and logo.
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A way to detect movement by
employing stretch sensors under the
armpits. This could be constructed
like a physical element in the space
between armpit and torso.
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More form variations.
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First version of the final design, and
some variations in color.
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Evolution of the form design.

vision of the future
It is almost a given that clothing and electronics will merge and give
rise to possibilities that never existed before. Here I explain how I
think this will happen and what kind of innovations can arise, linked
to the innovation proposed in this project.
An important function of clothing is to develop a self-identity, or
“socially demarcate the I” (McLuhan, 1964, p. 124) in a lasting and
implicit way, next to our cursory and explicit language. But in giving
us a means to develop an individual identification, we lost an existential connection to nature or even the universe, in which we are
still always immersed. Clothing has us construct an identity based
on an image, but this has always seemed a fragile attempt to find
meaning to me, which is visible in the quick changes in fashion
that people follow. Lars Svendsen (2007) thinks that fashion may
have been the driving force for the decrease of the solidity of our
identity. But where non-interactive clothing gives us only an image,
wearable technology can bring back a direct embodied connection
between us and our lifeworld. By augmenting humans and giving
immediate feedback it can put us in the moment, and the direct
physical possibilities present in the here and now.

45

given to us by nature, while in the digital world everything is created
by man. This creation of a digital world can then be interpreted as
an attempt to create a world where we feel at home in. Now I feel
the challenge is to also transform the entire physical world this way,
and make it into one beautiful world to live in, so we become one
with technology and develop an intuition for incorporating it into
our being, instead of being confused and overloaded by it. Instead
of following the patterns of the machine, we will need to merge with
it, so new patterns can emerge. Then, when computers are not
only things to consciously interact with, but always present also on
the background of our awareness, we will realize that we are not
just biological beings, but also constituted by the things we create
and have created in the past. That we are not just individuals, but
also the environment we have created. As Weiser (1996) has said,
when technology becomes ubiquitous, we will come to “understand ourselves within the patterns of the universe.”

Also electronic technology has more and more abstracted us away
from an embodied existence, and made people into button clickers
in order to make information processing as efficient as possible.
According to Tenner (2003) though, the liberation from paper and
progress towards efficiency also had a social role, namely that of
disciplining the body. In a way, technology has tamed our bodies,
and trained us to mainly develop our cognitive skills.

To me, technology is a necessary part of humankind, and as such
I am a proponent of exploring technology that more and more
pervades our bodies, even up to the extent that it can profoundly
change us, either in a biological, social, intellectual, or even psychological, existential or spiritual way, so we move up further in
the hierarchy of needs (Maslow, 1943). I feel that the evolutionary
curiosity to expand ourselves will in the end always prevail over the
anxiety over technology coming increasingly close to our bodies.
We are and have always been “natural born cyborgs” (Clark, 2003),
and now it is time to collectively wake up to that and decide what
kind of cyborg we need to become.

But because the physical world is undeniably still there, many people today live what Ishii (2008) calls a “dual citizenship”; one in the
physical world, one in the digital. The physical world is still mostly

Recent developments seem to have led to mainly three types of
cyborgs. The first is based on a technoprogressive image of man
becoming more and more like a robot, an increasingly efficient data

processor. This you could call the ‘progressive cyborg’. The second is based on the idea that technology needs to become more
human and allow us to better express our feelings and our social
identity. These ideas are mainly found in more artistic communities
and will give rise to what you could call the ‘expressive cyborg’.
Then there is the idea that technology needs to become invisible
to us and act on the background, such as nanobots always being
present in our cells, but us never being conscious of them. This is
what you could call the ‘regressive cyborg’, as we do not physically
modify ourselves to a radical extent, but cling to our bodies in their
current form.
I believe that systems such as Flowtime will give rise to a new kind
of cyborg. They modify the human body to such an extent that they
catalyze a becoming one of individual and environment by creating
an embodied fit through progressively skilled interaction. Flowtime
can be seen as an early start in this respect, making use of the
yoga principles, and purely focusing on the human body, detached
from the everyday world. Yoga is about developing skill and oneness within purely what is already given to the self; the own body

“People are happiest and healthiest when
there is an optimal fit between self and environment, and this fit can be substantially
improved by altering the self to fit the world”
Rothbaum, Weisz, and Snyder, 1982

and mind, and it minimizes perturbations from the environment. Of
course in life we encounter various environments, and it is much
harder to also interact with these in a yogic way in order to become
united with them to the extent that we forget about everything else.
We have always modified our environment, but now we can also
modify our bodies to larger and larger extent. In making people not
think about who they are as individuals, but fully and meaningfully
interweaving them with the environment, technology will give rise to
what I like to call the ‘cosmic cyborg’; the cyborg that intuitively just
is and acts, without having to think of goals and desires.
In a future where the biological and the technological are increasingly merging, it will often no longer be useful to draw boundaries
between a self and an environment, and it is more fulfilling to just
give in and flow with the world. This then could give rise to an experience of intimacy with the world (Tomasi, 2008), comparable to the
experience of an animal that cannot distinguish between a self and
an other, but just acts. The difference will be though that humans
will have consciously learned that this distinction is not necessarily
present, and that humans will have the conscious choice to experience it or not.
What can already be seen in this development towards oneness is
technologies that give rise to empathy, a dissolution of boundaries
and feeling of oneness among people. In a way, Flowtime opens
people up for empathy because it introduces a signal that acts as a
guide that people are likely to trust and embrace. People necessarily
treat computers as social actors (Reeves and Nass, 2003), and in
this respect Flowtime can be compared to a person that is continuously wrapped around one’s body, giving light touches in order to
help and guide people towards a peak experience. Other systems
that give rise to empathy are for instance the Hug Shirt, and a vest
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developed by Philips that gives vibrations over the upper body in
order to let you experience what an actor in the movie is experiencing (Jones, 2009). I think what we will see in the future is more and
more of these embodied, implicit connections between people.
Think of feeling what a person is feeling or doing when you enter
his or her Facebook profile, when you make a phone call to him or
her, when you are playing a videogame together, or maybe even
when you walk past the person in the streets, It could even create a
way to develop international connections, and make them embodied instead of merely communicating through symbolic language
and images, as now is the case for example with initiatives such
as the Foster Parents Plan. This would connect people beyond
language, on the level of the unconscious, and people will get a
feeling for and awareness of all that is going on below the surface
of things, and an intuition that they are intrinsically part of a whole.

47

Beyond experiential and social implications, also the political implications could be significant. Technology, in becoming a guide
in our everyday actions and connecting us to others in an embodied way, fits the view of libertarian or ‘soft’ technology paternalism
(Spiekermann, 2006). Here, people are guided towards specific
types of behaviour while always having the choice to opt out. This
may sound like succumbing to the machine, and it would be if we
lost awareness of why and whereto we are being guided. To me it’s
more like a waking up to the fact that our environments are already
shaping us in profound ways, and that it is more fulfilling to take
control and learn to master and transform our environment through
a progressive refinement of skill in interaction. This we need to explore together with technology, and see what happens if we open
up ourselves and start consciously co-evolving with it. To me, that
would be the ultimate form of art.

personal reflection
Naturally a person who likes to deeply concentrate on one thing,
I have come to learn about the complexities of integrating many
sides. This project brought together things I learned during my education about design, research, engineering, business, and deep
reflection. The art of mastering this complexity has been an almost
yogic practice for me, as I have constantly been stretching myself
to learn more, to expand and excel. Often this has left me stunned,
because I would realize that a project I was doing did not match
my visions, and I would get stuck in deciding what to do, diverging into all kinds of directions but never choosing to focus. One of
the most important things I learned is that quality comes by just
making intuitive decisions sometimes, and then making a creation
based on those decisions. By iteratively creating, you then step by
step and in an embodied way come closer to the developments
you are envisioning, and you learn to appreciate the process rather
than striving for a different result.
The case with this project has been that it took me a long time to
make decisions, as I was often too ambitious, and did not want
to compromise the project result because I thought that several
things were doable. In the end then, I still had to simplify things in
order to reach deadlines. Nevertheless, this project has resulted in
a basis for me as a designer, and an example of what I stand for in
many ways. And in that, I think this project has been a success.
I think this project shows that I am a versatile designer with a deep
sense of reflection and personal vision. I am someone who is extremely visually oriented and cares about the smallest details. I like
to develop a design through envisioning, sketching and making,
rather than in a rational way gathering requirements from user
groups and experts and trying to conform to those verbal instructions. Instead, I use theories, guidelines and opinions as inspiration

in order to feed my own intuition, and then from that intuition try
to develop the design as a whole. I adhere to an artistic approach,
led by a direct visual and somatic way of thinking, rather than an
engineering-based one, dominated by an analytical, detached way
of thinking.
This project also shows that I sometimes try to reach further than
what I can comfortably embrace, and that this can leave me paralyzed. It has taken me a long struggle before I could grasp what
I was doing, and saw how my project would be a contribution to
yoga, to design, and the world in general. Realizing that by externalizing yoga in a way I was trying to embody god, and converge
the technocratic and the mystic, or science and spirituality, has
elicited the necessary ponderings. These can lead to a lot of ideas,
and I have the tendency to stay stuck in a divergent mode of thinking. I sometimes still need somebody to pull me out and make me
see that the only way to effectuate the vision is to focus on something in the here and now.
In the end I did this, and also found what I want to do as a designer
and how the project concords with that. This has resulted in a satisfactory design with many components. All of these components
could be refined further, but that has to be left for later, in case I
continue with the project. There are a few upcoming events that
Flowtime will probably be featured in, and development might be
taken a little further for those demonstrations.
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future work
The main future work for Flowtime lies in:
•

•

•
•
•
•

•
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Developing the garment so that it fits better, looks aesthetically more pleasing, and is better suited to physical exercise.
This should be done by integrating the garment and the belt,
and using more high end fabrics and fastening elements. The
bending sensors should be made more accurate, robust and
better integrated, possibly by integrating them into a strip that
runs across the entire side of the vest. Multiple breath sensors
could be integrated to sense abdominal, chest, and clavicular breathing. Also, the electrical connections should be made
more robust, possibly embedded into two layers of fabric for
protection and prevention of short circuits.
The electronics enclosure needs to be smaller. This can be
done by having custom, small and powerful batteries developed, and integrating all electronics, including the microprocessor, on one circuit board.
Wireless communication should be used instead of a cable.
Development of the software so that it is better at detecting
synchrony. The current version is merely a basis.
Developing the visual on-screen interface and character design of the yoga teacher
Completing the software system so it represents an application that could be sold in the stores. This would entail creating
introductory and instructional virtual animations, implementing various modes and more poses, and putting information
about yoga into the software. Also, the option to compose
one’s own posture sequences should be programmed into the
system.
Designing a marketing campaign, at least creating a website
and a packaging design.
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The products I design should not be just ‘things’, objects, tools, means to ends. To me, the purpose of products is to become obsolete, to slowly become embedded into the dynamic of people’s everyday lives, and guide us in the things we do. To me, products should not draw attention to themselves; they should help
people direct their attention onto new things, new challenges, and new opportunities that arise when uplifted by the products surrounding them. Instead of a distraction, technology then becomes a means to reveal what people really want and lead them to clarity, peace of mind, and contentment. In the end, the products
I design should become nothing, or no-things, so people can become physically, socially and spiritually united with their technological environment.

Flowtime is a vest that guides people with doing yoga postures
at home. The vest contains soft sensors and a belt with five
vibration motors on the back. A device worn on the front of the
belt connects to software with a virtual yoga trainer that encourages the practitioner to align breath and movement. The vibrations help this guidance, so the practitioner is not dependent
on the visual and auditory only. This way, technology becomes
a peripheral signal that recedes into the background of awareness, and helps people become one with their body and mind.

Luxalive is a lamp that does not require any conscious
control; it automatically turns on when you sit near it, and
continuously adapts its position and intensity according
to yours, for an optimal lighting level.

Bizikidz is a wearable digital activity schedule, developed
to make children with autism more independent. Activities are indicated by a pictogram on a flexible display,
together with a timer. For each child, specific activity
programs can be uploaded to the device. This can then
be started, which will engage the child for about half an
hour. Of course the child does not have to do the activity,
the pictogram is only available as a background cue, and
possibly supervisors can agree to give children rewards
in case they follow the schedule correctly.

HappyZap is a concept for making control of the television more democratic. It gives everybody the ability to
prevent changing the channel, in case there is a dominant person that goes his or her own way without paying
attention to others. This device would lower the threshold to communicate about what to watch and resolving
all tensions. It consists of a central device that needs
to be aimed towards the television, and several smaller
devices that can be handheld while watching.

Fida is a project I worked on as part of the Microsoft Design Expo 2007, a worldwide design
competition. It is a little orb with colored light
in it that has the capacity to record sound and
play it back on opening the orb’s shells. As such,
people can leave messages in a physical location. Fida was inspired by children’s inhibitions to
communicate their feelings directly.

Nuzzle is another project I worked on as part of
the Microsoft Design Expo 2007. It is soft object
with two displays, that helps to guide children
through the process of hospitalization. It does
so with interactive animations of a frog character living inside the object, and with photos that
the child can obtain by completing educational
games.
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interactive product designer
keywords: implicit behavioral guidance, awareness, embodied interaction, sensitivity,
empathy, spirituality, oneness.
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prototypes (paper prototyping, Powerpoint, Visual Basic, Phidgets, Max/MSP, microcontrollers, basic electronics design, Arduino, Processing), designing physical movement and interaction, making physical prototypes (Rapid Prototyping, rubber molding,
wood and foam working, cardboard modeling, basic garment making).
experience: BA and MA education Industrial Design at Eindhoven University of Technology, Internships at Motio Development (www.motio.nl) and Philips Design’s Future
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