
 
 
 
 
 
 

 

 



 2 

 
 

flowtime 
developing wearable technology for 
mastering yoga postures 
 
This report describes the first developments towards a wearable system that 
provides haptic feedback in order to guide yoga practice. Initial design 
explorations and technological explorations have been done, supported by a 
vision, literature research and some expert feedback. The project is currently in 
the phase of creating early prototypes, employing various sensing and actuating 
technologies. These prototypes will subsequently be tested with yoga 
practitioners. At the end of this project, an experiential prototype will be 
delivered that demonstrates the form and interaction of the design. A user test 
will have to prove the marketability of the design in order to conclude the 
project. 
 
 
 
 
final master project in partial fulfilment of the master’s degree in  
Industrial Design at the Eindhoven University of Technology 
 
Draft report, March 2009 
 
student:  Ralph Zoontjens 

r.m.p.j.zoontjens@student.tue.nl 
ralphzoontjens@gmail.com 

 
coach:    Dr. Ir. Stephan Wensveen 
 
panel:     Prof. Dr. Ir. Lou Feijs 
       Prof. Dr. Ir. Aarnout Brombacher 



 3 

contents 
 
1. introduction 6 
1.1 motivation 6 
1.2 project context 7 
1.3 ‘Flowtime’ 7 
1.4 ethical challenges  7 
1.5 technological challenges 8 
1.6 design challenges  8 
1.7 market challenges 9 
1.8  project approach 9 
1.9 references 10 

 
2. technology as yoga teacher 12 
2.1 the yoga teachings 12 
2.1.1 yoga = union 12 
2.1.2 the eight limbs of yoga 12 
2.1.3 asana 13 
2.2 yoga in modern societies  15 
2.3 first person experiences  16 
  2.3.1 kundalini group session  16 
  2.3.2 power yoga group session 17 
  2.3.3 individual sessions with videos from the web 18 
  2.3.4 Nintendo Wii Fit sessions 19 
  2.3.5 unguided session  20 
2.4 opportunities for yoga technology 20 
2.5 faithfulness to the yoga teachings 22 
2.6 design guidelines  23 
2.7 references 24  
 
3. towards a design framework for eliciting a flow experience in yoga   26 
3.1 biofeedback 26 
3.2 sensory integration 28 
3.3 skill acquisition  29 
  3.3.1 a cognitive perspective 29 
  3.3.2 a dynamical systems approach 30 
 3.4 resonance 32 
   3.4.1 natural mapping 33 
   3.4.2 temptation 33 
   3.4.3 engagement 34 
   3.4.4 intimacy  34 
 3.5 readiness-to-hand and non-positional consciousness 35 
 3.6  flow 35 
 3.7 reaching non-positional consciousness in a state of flow 36 
   3.7.1 designing for flow  36 
   3.7.2 designing for readiness-to-hand 38 
 3.8 design guidelines  39 
3.9 references 40 

 

4. design framework  42 
4.1 design dimensions 42 
   4.1.1 semantic vs. direct information 42 
   4.1.2 amount of augmented information 43 



 4 

   4.1.3 immediacy 43 
   4.1.4 co-locatedness 44 
   4.1.5 type 44 
   4.1.6 tolerance 44 
   4.1.7 adaptivity 45 
4.2 framework 45 

 
5. initial design exploration 47 
5.1 freestyle explorations 47 
5.2 reflection 50 
  5.2.1 sensory modalities 51 
  5.2.2 integration of technology 52 
  5.2.3 flow experience 53 
  5.2.4 designing for human morphological diversity 53 
  5.2.5 form language 53 
  5.2.6 modularity 53 
5.3 design guidelines 54 
5.4 references 54 
 

6. personas 55 
6.1 personas  55 
6.2 user needs 59 
6.3 design guidelines  59  
6.4 references 60 

 
7. concepts 61 
7.1 flowjacket 61 
7.2 wiiFlow  65 
7.3 spineshirt 69 

 
8. business strategy  72 
8.1 market selection 72 
8.2 product positioning 73 
8.3 competitive advantages 74 
8.4 business strategy 75 
8.5 references 75 

 
9. technological explorations 77 
9.1 system outline 77 
9.2 sensing strategy  77 
9.3 respiration sensing 80 
  9.3.1 respiration sensing methods 80 
  9.3.2 plethysmography sensors 80 
  9.3.3 explorations with a conductive yarn strain sensor   82 
9.4 movement sensing 84 
  9.4.1 movement sensors 84 
9.5 actuators 85 
  9.5.1  intended experience 85 
  9.5.2 wearable actuation technologies  85 
9.6 signal processing 86 
  9.6.1 microcontroller  86 
  9.6.2 signal preconditioning 87 
9.7 initial prototype  88 
9.8 references 88 

 



 5 

10. appendix a: design guidelines  91 
10.1 main functionality  91 
10.2 freedom  91 
10.3 feedback  92 
10.4 challenge level 92 
10.5 transparency 92 
10.6 unobtrusiveness  93 
10.7 general behaviour  93 
10.8 community 94 
10.9 marketing 94 
10.10 technology 94 
10.11 physical design  94 
 

11. appendix b: a general vision for wearable technology 95 
11.1 clothing  95 
11.2 a brief history of electronic products 96 
11.3 wearable computing 98 
11.4 a posthuman vision for wearable technology 99 
11.5 the cosmic cyborg  101 
11.6 references 101 

 
   
 
 
 



 6 

1 
introduction 
 
1.1 motivation 
 
Yoga is an increasingly popular practice in modern societies, and can offer a means to relaxation, physical 
fitness, self-reflection, an experience of flow, and even spiritual transformation. It can for many people be a 
counterbalance to their increasingly distracting, overwhelming, information-saturated world. It is not easy 
to sustain yoga practice though, as following it completely can entail the need to change one’s entire 
lifestyle. Yoga continuously involves learning effort, as people are always challenged further, both mentally 
and physically. To make sure people practice in a way that is right for them, they must be closely guided, 
which is usually done by a yoga teacher. I think that there is a large opportunity for technology 
development to support yoga practice by being always accessible to the practitioner, unlike a teacher, so he 
is stimulated more to do yoga outside of the sessions with a teacher. Moreover, a product to partially 
replace the yoga teacher could lower the threshold for people who are interested in practicing yoga purely 
by themselves. 
 
I am personally motivated for this project because I see people being overwhelmed by the complexity of 
their lives, which I feel can hold them back from what they really want to do. Where in modern societies 
people are often encouraged to find happiness and pleasure by joining social groups or surrounding 
themselves with technologies that provide a form of instant sensory gratification, I think that happiness can 
also be found in needing less from the outside but reverting more to one’s self and improving one’s own 
quality. I am intrigued by how yoga has the potential to stimulate this fully, by integrating bodily and 
mental skills and gradually perfecting these. My personal satisfaction, generally spoken, would be to see 
that people become happier by having beneficial, potentially transformative experiences, because of using 
technology that I developed. 
 
I think this is the right time for the development of technology for yoga, as rates of phenomena such as 
obesity, stress, and depression are very high, yoga is rapidly gaining in popularity, interesting technological 
developments have taken place such as wearable technologies, and early products for sports and exercise 
contexts are already on the market. 
 

1.2 project context 
 
This project will be done within the theme ‘Wearable Senses’ of the department of Industrial Design at the 
Eindhoven University of Technology. This theme tries to find applications that follow the technological 
trend of electronics becoming more and more embedded into clothing. I will collaborate closely with the 
Designing Quality in Interaction (DQI) group that broadly focuses on designing products for the 
enhancement of “interpersonal and societal values” [6], with special attention to the dynamics of 
interaction between a product and its user. Two main contributions of this project will be to generate 
knowledge about how to integrate interactive technologies into garments as well as about the design of 
dynamics of interaction in the context of yoga. 

 

1.3 ‘flowtime’ 
 
The system to be developed is dubbed ‘Flowtime’ as it is intended to give the end user an experience of 
‘flow’. In yoga, this experience is important in that the practitioner, through developing enough skills, can 
maintain this experience and become fully absorbed in the activity while completely forgetting about 
everything else. I am aiming to design for the state of flow because this is an extensively treated 
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phenomenon, for example by psychologist Mihalyi Csikszentmihalyi (Csikszentmihalyi, 1997), who 
promotes it as an optimal or peak experience that can improve the quality of life. Also, research has been 
done about how to design for it such as in the context of gaming (Bederson, 2004; Chen, 2007). Yoga can 
have more impacts than just ‘flow’, such as bringing people to enlightened states of consciousness in 
which they undergo profound and lasting transformations. But aiming to induce these transformations 
through technology would result in too many uncertainties and challenges for this project. 

 
1.4 ethical challenges 
 
In embodying the yoga teachings into technology, it is important to stay true to its ethical underpinnings. A 
crucial notion is that of individual freedom; each yoga practitioner is on his own path, and makes his own 
decisions. The role of the teacher is merely to provide guidance, but never coerce the practitioner to do 
certain things. Various strands of yoga seem to differ in opinion as to how far a teacher can go in coming to 
the foreground of attention of the students, nevertheless they are always free to not follow the teacher. As 
such, it is important for the design of the system to stay true to the original yoga teachings, but always give 
people the freedom to use it in the way that they want to, to suit their own individual needs. In this, I adopt 
the strategy of ‘mild guidance’ as described by Ross (2008), which entails that instead of explicit 
persuasion, a system could implicitly guide people through the dynamics inherent in embodied interaction. 
This gives the users an experience of freedom, while they are implicitly guided towards the original purpose 
of yoga. 
 
Another issue is transparency, and I agree with Verbeek (2006) that designers of a technology should be 
transparent to the users of the products they have created, and communicate their intentions to the users. 
Information about the potential of yoga should be available to the users, so they have a choice beforehand 
not to partake in interaction with the device. 

 

1.5 technological challenges 
 
The system to be developed can be categorized as a biofeedback system, since it meets the definition given 
by Schwartz (2005); it involves an “instrument to measure, process, and feed back information with 
reinforcing properties about neuromuscular or autonomic activity, hence helping people to increase 
voluntary control over physiological processes that otherwise lie outside awareness or less voluntary 
control”. The main challenge for the system is to feed back information without distracting or 
overwhelming the user, so he can stay absorbed in the activity. Another challenge for biofeedback systems 
is to design an algorithm to correctly and efficiently represent the feedback variable in a way that is easy to 
understand and meaningful to the user (Dozza, 2007). 
 
Another significant challenge concerns the sensing system, as the field of wearable sensors is relatively 
new and only few implementations have made it to the market. An appropriate sensing paradigm needs to 
be devised, and sensors will be integrated into a wearable product. Particularly challenging in the context 
of yoga is the physical disruptiveness of components such actuators, which will require iterations of 
technology integration. 
 
Lastly, there are material challenges such as those arising from requirements concerning durability, 
comfort, washability, aesthetics, flexibility, and the need for a ‘one-size fits all’ garment. 

 

1.6 design challenges 
 
A conversation with a Kundalini yoga teacher revealed that unobtrusiveness is critical for any system 
supporting yoga practice; people should be left inside their own ‘sphere of development’, and the teacher 
may never touch the practitioner, but only show and tell. As such, feedback will have to be calm, i.e. 
available on the background, and have a ‘natural’ feel to it. The main interaction design challenge will be 
to answer the question: How can physiological feedback on the body of a yoga practitioner improve the 
development of skill with respect to control of the body, without interfering with the individual inner 
experience? 

s021199
Highlight

s021199
Highlight

s021199
Highlight

s021199
Highlight

s021199
Highlight

s021199
Highlight



 8 

 
Another challenge is to create a refined, well-finished product. However form, functionality, and interaction 
design should be intertwined and designed as such, I think that also attention has to be paid to the form 
language on a more detailed level, where it influences function and interaction less. The challenge here is 
to create a strong, coherent form design that appeals to the user group, fits the context, functionality, and 
interaction, and communicates the right message. 

 
1.7 market challenges 
 
Because yoga is a system with potentially far-reaching consequences, there are strong views on its western 
interpretations, and I am aware that these views are to be carefully considered during the project in order to 
develop a system that will be accepted by the target market. Some of the criticisms are that yoga in the 
West has become a “cheap road to relaxation” (Smith, 2003), or even that in these days, any form of yoga 
would be a “pseudoadaptation” of the original system (Bhaktivedanta Swami Prabhupada, 1984, p. 6). 
However, a meeting with a Kundalini yogini gave me more confidence that technology for enhancing yoga 
practice could be fruitful. She told me that every person has an own path in life, and each person thus 
needs to use yoga practice in a different way. There are only general guidelines of the original teachings, 
such as to confront people and make them excel in life, so there is a legion of areas within yoga where 
technology could be valuable. Also initial reactions from a yoga studio were positive. It is clear though that 
I have to be wary of not developing a system that leads people away from, rather than towards yoga’s 
original purpose.  
 
Another challenge is the communication of the product to the target group. Yoga is easily associated with 
an image of monks sitting on a mountain, ‘New Agers’ chanting in a park or housewives laying in front of 
the hearth-fire listening to soothing sounds, while these might not be the associations needed to be 
communicated in order to be accepted by the target market. 
 

1.8 project approach 
 
In order to meet the challenges, the project is approached iteratively, and various activities are done in 
parallel in order to quickly make design decisions. The ‘reflective transformative design process’ (Hummels 
and Frens, 2008) is the general model for my design process. 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. This is a flexible process that can 
be altered in order to fit a specific project and individual designer (Ibid.). It is especially suited for this 
project, since there is a high level of insecurity, and quick progress needs to be made iteratively on various 
levels of detail within the design space. 
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The reflective transformative design process 
 

The project consists of three cycles, that each is a short design process on its own, and contains activities 
in various spheres of the design model, ending with a reflection. The first design cycle is short and intuitive, 
using only expert feedback and literature in the evaluation. The second cycle involves the creation of an 
early prototype that incorporates various technologies and system behaviors. This prototype will be tested 
with a user group to get a broad range of qualitative data on as many aspects of the design as possible. The 
final cycle comprises the creation of a final design and prototype, and a rigorous user test proving the 
concept’s market potential. 
 
Furthermore, throughout the entire project I will do yoga myself, and experiment what the implications are 
of wearing different garments, or different environmental factors such as temperature or sound. The project 
ends with a phase where I reflect on the project, generalize the results, and research directions in which the 
project can evolve, possibly spawning business opportunities in other fields of innovation. 
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2 
technology as yoga teacher 
 
This section generally describes the origins of the yoga system, and in more detail describes the 
specific part this project focuses on. I also report on my own experiences with doing various 
types of yoga sessions, and conclude about the opportunities and risks of technology that takes 
over the role of the yoga teacher. 
 
2.1 the yoga teachings 
 
2.1.1 yoga = union 

 
“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. 
 
Yoga is grounded on an esoteric philosophy that starts from the notion that there is a divine realm beyond 
the material world, and that we are connected to each realm through different bodies; on earth, we have 
the ‘gross body’, while we connect to the divine realm through the ‘subtle body’ (Ankerberg, 1996). The 
fundamental idea of yoga, which literally means ‘union’, is to re-identify with the subtle body in order to 
liberate oneself from life on earth (Bhaktivedanta Swami Prabhupada, 1984). Whereas older forms of yoga 
emphasize this detachment from earthly life and detach from the body as being a mere container, newer 
‘postclassical’ practices focus on reaching divinity through the earthly body (Feuerstein, 1998). It is clear 
that yoga practice can go as far as a lifelong devotion to the system and holistic implementation into all 
aspects into one’s life. Thus, a form of perfection can be reached that is the ultimate goal of yoga practice. 
For this project however, I will focus onto one specific aspect of yoga. 
 
2.1.2 the eight limbs of yoga 
 
Yoga comprises various types of practice, also called the eight limbs of yoga (Ankerberg, 1996). These have 
the practitioner progressively reach a more enlightened state (ibid.).  
 

1. yama has people develop self-control and restraint 
2. niyama has people fulfill religious duties 
3. asana is about doing various repetitive sequences of physical postures 
4. pranayama focuses on the control and directing of breath 
5. pratyahara aims at sensory control or deprivation 
6. dharana means to train a deeper concentration 
7. dhyana has people do deep contemplations from occult meditation 
8. samadchi means occult enlightenment 
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During its history that traces back more than 5.000 years (Feuerstein, 1998), various forms of yoga have 
emerged, each focusing more or less on each of the limbs. Modern forms such as Hatha Yoga, Power Yoga 
and Vinyasa yoga especially focus on the asana practice, and as such yoga is most well-known for the 
physical postures its practitioners take. 
 

 

 
 

Top: seven foundational asanas of Hatha yoga [brena], from left to right: padmasana or ‘lotus pose’, sirsasana or 
‘headstand’, sarvangasana or ‘shoulderstand’, halasana or ‘plough pose’, vajrasana or ‘reclining hero pose’, 

matsyendrasana or ‘half spinal twist’, and yogamudra or ‘child’s pose’. Bottom: a typical sun salutation. This is a 
sequence of postures employing the major muscle groups, which is used mainly as a warm-up at the start of a yoga 

session. The practitioner changes posture with each inhalation and with each exhalation. 
 
2.1.3 asana 
 
I have chosen to focus on the ‘asana’ limb of yoga, as I think that that is the part that people will most 
easily relate to and not necessarily has esoteric connotations, but can also be done purely as a means to 
fitness, relaxation or flow. Next to that, technologies to give feedback on physiological variables are already 
widely available, and interactive products that stimulate bodily interaction are a growing trend, which 
makes the focus on asana a sensible choice. 
 
Asana translates into “way of attitude” (Brena, 1972) and involves taking on sequences of predefined 
physical postures in order to perfect the skill of controlling the body. Some poses are especially strenuous 
physically, while others challenge the practitioner’s balance, and yet others are meant to relax, or to 
increase blood flow by having the practitioner stand in an inverted position.  Through asana practice, the 
practitioner becomes aware of faulty positions, and muscular overcontractions are relieved, finally allowing 
the practitioner to achieve “high levels of physical performance with minimal energy expenditures” (ibid.). 
 
During asanas, the practitioner moves his body and breath in synchrony. Usually, the Ujjayi breathing 
technique is maintained throughout the entire session. This is a deep breathing technique that involves 
three types of breath: abdominal breathing, thoracic or chest breathing, and clavicular or collarbone 
breathing. Much focus is put on abdominal breath to stimulate the internal organs. Also, Ujjayi has people 
continuously contract the ‘bandhas’, muscles in the lower belly used to bring the navel towards the base of 
the spine. Furthermore, upward movements are usually made on the inhalation, while on the exhalation 
downward movements are more common. Usually, inhalations and exhalations take about 3 seconds each, 
although some yoga practitioners breath as slow as 3 breaths per minute (Brown, 2002). After having taken 
on a posture, the yoga practitioner can prolong this posture for a number of breaths. During these breaths 
then, he tries to optimize the posture by straightening the spine on the inhalation, and stretching further 
into the posture on the exhalation. 
 
In terms of consciousness, asana practice can have a transformative power and has a person move through 
different states of awareness by diffusing awareness throughout the body (Bleher). This happens because in 
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yoga, after we observe the result of an action, we use this to direct the next action towards the same 
intention, but this time with more insight and awareness. Bleher states that we can move through three 
distinct phases, where conscious focused attention decreases with the enduring practice of asanas: 
 

1. One-pointedness; the practitioner learns to perform one action without being distracted 
2. Many-pointedness; the practitioner learns to perform many actions with a singular intent 
3. No-pointedness; the practitioner learns to perform many actions without a doer, where the intent 

becomes absorbed in the moment of doing 
 

 
 

From left to right: Smart Yoga wear by Tara Carrigy, virtual yoga trainer in Nintendo WiiFit, and Yoga apparel from 
Adidas’ Stella McCartney line. 

 
2.2 yoga in modern societies 
 
Modern societies are based on a very different strand of thought than the original yoga system, and as such 
are being considered by some to have misinterpreted or ignored the original purpose of yoga. For example, 
Lewis (2008) suggests that yoga should not be formalized and reproduced as a “mode of physical therapy”, 
and that this approach leaves a “tremendous ontological gap”. Furthermore, Smith (2003) mentions a 
“corruption of the art”, argues that yoga is exploited as a “cheap road to relaxation”, and that in that we 
“perfectly embody the materialism we were supposedly trying to escape during the sixties”. Where in the 
1960’s, yoga was often practiced to support revolutionary social statements, nowadays it is mostly used as 
a remedy against stress, or to overcome addictions. For others, yoga is an alternative to doing fitness, but 
without the tense, competitive atmosphere (Lewis, 2008). 
 
Yoga was introduced to the Western world in 1893, but only in the 1960’s it has received widespread 
attention, especially because of the New Age movement. Since then, it has gained an increasing body of 
practitioners, with 15.8 million practitioners in the USA in 2007 [21]. Companies have taken notice of this 
growing trend, and developed clothing, shoes, mats, bags, and physical props to help in yoga practice. 
Some companies have started developing electronic products that support yoga, a commercially successful 
example being Nintendo Wii Fit [14]. This system has people standing on a floor plate, called a ‘Balance 
Board’, while they do yoga exercises guided by a virtual trainer. The Balance Board that wirelessly connects 
to a game console and measures the center of gravity of the user, while feeding this back on the screen in 
order to evaluate the user’s progress in becoming fitter. Further, some research into wearables to support 
yoga practice has been done by Tara Carrigy [17] and resulted in prototypes that enhanced the experience 
with visual projections in space that react to the wearer’s respiration. 
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A Kundalini yoga session. Left: the teacher. Right: students. 

 
2.3 first person experiences 
 
I practiced yoga in various ways myself to get a feeling for the main design opportunities. I do not believe 
that yoga can be understood without also having an experiential understanding of it, at least to some 
extent. I followed group sessions of both Kundalini yoga and Power Yoga that were guided by a teacher, as 
well as individual sessions guided by short videos downloaded from the internet, by the Nintendo Wii Fit 
system, and also did yoga without any guidance at all but that from the own memory. 
 
2.3.1 Kundalini group session 
 
I followed a 2-hour session, called a ‘sangit’, with Kundalini yoga teacher Ingrid Bal at the Philips Design 
studios in Eindhoven. Kundalini yoga is the most ancient form of yoga, and revolves around awareness. 
This session was described by her as a typical yoga session, containing multiple aspects of yoga such as 
verbalization or imagined verbalization of mantras, using focus points for the eyes (drista), doing physical 
postures (asana), and breath techniques (pranayama). During the session, the six participants were 
positioned on mats in rows of three in front of the teacher. Pillows were used for extra support, music was 
playing on the background, and drinking water was available. 
 
The teacher first introduced the students to yoga, explaining the basic concepts of yoga. After that, the 
main procedure was that the teacher started doing the exercises while explaining what she was doing, so 
the students could immediately also start to perform the exercises. The explanation was done purely 
verbally and visually. 
 
One advantage of a group session I experienced is that you automatically want to follow the people around 
you and feel more at ease by tuning in to the collective energy that you feel.  Also, I experienced that 
auditory feedback is very helpful. Visual information on the other hand, such as looking at the teacher, has 
the disadvantage that you have to consciously direct your gaze, which disrupts your concentration. 
Furthermore, it is hard to relate the visual information to your own body, since you lack direct intuition of 
how your body matches that of the teacher. It is for example hard to feel how straight your spine is, while 
maintaining a straight spine is crucial in yoga. In the environment of a gym this deficit would be partially 
overcome by having mirrors around, but still you would experience the disruption of having to consciously 
redirect your gaze.  
 
2.3.2 Power Yoga group session 
 
Veldhoven based yoga studio ‘Studio Saffrie’ [16] offers Power Yoga classes with groups of six students. 
Power yoga is a more Westernized form of yoga that emphasizes the physical aspect of it, and especially 
the asana practice that involves taking on certain postures, sequenced in time. These classes last for about 
1,5 hours and have the students positioned on mats in rows in front of a teacher. 
 
The session starts with a warm-up that consists of a number of two versions of the so-called sun salutation 
sequence, which stretches the major muscles and makes the body use the full range of motion of its joints. 
Following this are some other sequences that involve other poses, such as the hero pose, and in the end 
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more strenuous poses such as the deaf man’s pose which involves standing on the shoulders and putting 
the knees on the floor beside the ears, as well as balance poses that have the practitioner stand on one leg. 
Occasionally, in between these sequences a so-called vinyasa is introduced. This is a short and very rapid 
sequence of a few poses, including the plank, chaturanga, upward facing dog and downward facing dog. 
Following the poses is a concluding period of relaxation, where practitioners first sit in a lotus position, the 
lights being turned off, to then rest a while and lay down on the yoga mat under a blanket. 
 
The teacher guides the students with spoken words, as well as by visibly doing the poses herself, and with 
physical signals. In general, verbal and physical communication is one way; the teacher guides and the 
students follow without asking questions. Spoken words are never targeted at an individual person, but 
simply exclaimed in the way that it seems to be general advice, ready for you to be used if you think you 
need it. I experienced these moments of spoken words as very helpful as they can make you realize 
something you can do in order to perfect the pose. A drawback of spoken words is that you have to 
memorize various pieces of information about parts of the body, to recall them some seconds later when 
doing the pose yourself. 
 
Visually seeing the teacher does bring along some difficulties in my experience. An obvious drawback with 
visual information is that it can easily be obstructed physically, such as by a yoga student positioned in 
between the teacher and you. Further, parts of the teacher’s body are obstructed by her own body, which 
sometimes provides you with too little information about what to do, so you have to fill in the blanks with 
your own mind. Another way that visual information can get limited is your own body being in the way, or 
your eyes facing into another direction than the one in which the teacher is located. 
 
In case students seem to have trouble integrating all the information into attaining the correct posture and 
do it in a way that is not helping them, the teacher can step in and provide some physical guidance, such 
as by putting her knee in the lower back of the practitioner in order to straighten it, or exerting a small force 
on a body part to indicate that the practitioner should adjust its position. These physical signals are often 
accompanied by verbal explanations of a few words to a few sentences, and short feedback utterances to 
indicate if the practitioner is doing it in the right way. In giving this personal feedback, the individual can 
be helped greatly, but evidently the visual feedback is missing as the teacher has stopped doing her own 
asanas and started walking around in the room. I personally did not experience the touch of the teacher as 
intrusive but instead found it rather helpful. 
 
What I found lacking in the yoga session was good feedback on respiration. In the beginning, the teacher 
explained the Ujjayi breathing technique, but during the session it was only occasionally mentioned again. 
If the teacher notices that a student’s breath is not flowing well, she sometimes gives short messages to 
bring this to the practitioner’s attention. Another type of feedback is the sound of the teacher’s breath, 
which is a soft sighing sound somewhat comparable to the sound of the sea. The low volume of this sound 
makes it hard to pay attention to though, so in my experience often you forget about keeping up the correct 
way of breathing. 
 
In comparing the Power Yoga class to the Kundalini class, it is clear that Power yoga adheres less strictly to 
the original yoga philosophy than Kundalini does. Where Kundalini also involves the direction of gaze, and 
the exclamation of mantras, and explanation of the original teachings, Power Yoga clearly emphasizes 
physical flow. The general pace of Power Yoga is more rapid than that of Kundalini. In this, I observed that 
other students often seemed to follow the teacher’s timing as closely as possible, instead of that of their 
own breathing. 
 
2.3.3 Individual session with videos from the web 
 
In sessions at home, I used instructional videos from various forms of yoga such as Hatha yoga, Vinyasa 
yoga, Power yoga, Ashtanga yoga, Bhakti yoga, Kundalini yoga and Gyan yoga. These videos were derived 
from various websites [e.g. 22], and watched on a 15” laptop screen. 
 
A first conclusion from these practices is that at home there are more elements that can disrupt the flow of 
yoga. An obvious requirement of yoga is a sufficient amount of physical space in order to be able to do the 
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postures without hitting walls, furniture or lamps on the ceiling. Sometimes still you do so which requires a 
repositioning of the mat and laptop. 
 
Furthermore, having the feedback of a human teacher mediated through a screen limits the effectiveness of 
the feedback further. Firstly, the angle of the laptop screen needs to be repositioned if you switch between 
ground postures and standing postures, as the screen has a limited viewing angle. Also, the verbal 
information is worse due to a lower volume, more noise, and a lower sound quality than you would 
experience in a yoga studio or gym. 
 
An obvious additional disruptive element is constituted by the moments when the software needs your 
input such as to click to the next movie or to get rid of a popup screen. On the other hand, the software has 
a slight advantage over a real life teacher in that you are able to rewind and playback certain parts of the 
movie. Then again, the point of yoga is to keep flowing, keeping breath and movement synchronized, and 
any of these actions with the software easily disrupts this flow and synchrony. 
 
A more general notion about the digital medium is that it is easy to explore various yoga systems and 
gather information, before choosing to adhere to a particular system. It is great for a start in yoga and 
developing a moderate amount of skill, but when the need arises to develop these skills further, I think that 
a yoga teacher would be advantageous in a unique way by teaching you more individually. In practice 
without feedback to the teacher, you might keep overlooking certain things that can impede optimal 
development, such as a connection between or orientation of body parts you make in a wrong way. 

 

 
 

Nintendo WiiFit Yoga. Left: person standing on the Balance Board. Middle: on-screen feedback during the ‘deep 
breathing’ exercise. Right: on-screen feedback after an exercise, showing how well the user performed. 

 
2.3.4 Nintendo Wii Fit sessions 
 
The Nintendo Wii Fit is a system that has the user stand on a floorplate, called the ‘Balance Board’, that 
measures the center of gravity of the user’s body and gives feedback as to have the user optimize his sense 
of balance, and ultimately his Body Mass Index (BMI) as an indicator of overall health. The yoga application 
of WiiFit employs a virtual on-screen 3D avatar that guides users by giving verbal information about one’s 
balance, and visual information about the posture to hold. The trainer is viewable both from the front and 
from the back. Further, more abstract information is available in the form of a red dot that indicates your 
centre of gravity, as well as a ring overlaid on the screen that indicates the rhythm according to which the 
user is supposed to be breathing by slowly expanding and contracting. 
 
In general, the feedback that the Wii Fit offers has a number of major deficits for yoga practice. A first 
striking notion is that the system pretends to know more than it does; sometimes it gives feedback that you 
are doing great, although all that it knows is your centre of gravity. You might as well not be doing any 
posture at all, but just keep standing still on the floorboard to keep the red dot as still as possible. 
Furthermore, the system does not really feel tolerant. It provides a pretty coercive pattern of movement and 
respiration that you need to follow, so when for example you lose balance and step off the board you would 
need to quickly get back again and keep following the rhythm. Another notion is that the explicit and 
abstract feedback in the form of the red dot that updates itself in real time with your movements tends to 
attract attention, so you tend to focus on the feedback instead of on your complete personal state of being. 
As for the visual feedback, it is more limited than with a human teacher as the virtual trainer moves rigidly 
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and has a limited number of degrees of freedom. Lastly, the Balance Board requires you to look at your feet 
occasionally in order to make sure they are positioned correctly. 
 
Some other minor drawbacks of the Wii Fit system are batteries running empty, and the experience that 
holding a controller in your hand is obtrusive. For example, some postures require a specific hand posture 
as well, which can make the controller slide out of the hand and in case the hand was located above the 
head this can cause it to fall onto the head. 
 
The overall feel of the system is that yoga is presented more as a game than as a way to health or mental 
development. You have to select each posture you want to do, which then lasts a few minutes, after which 
you get points and a number of stars indicating your skill level. These points can unlock additional, more 
advanced poses, so the available poses grow according to your skill. This ‘stop and go’ feel makes it 
impossible to attain a state of uninterrupted flow for a time longer than a few minutes. The exercises are 
also too short to really get challenged either mentally or physically. For the purpose of doing yoga, the 
system does not offer much depth. On the other hand, I think that the presentation of yoga more or less as a 
game does stimulate a wider array of people in doing more physical activities. People starting on the Wii Fit 
are likely to be motivated to do more physical activities in their everyday life, and might even get attracted 
to the yoga system. In this sense, the Wii Fit can be seen as a trigger for change, but not really as a guide to 
a physically and mentally balanced life. 
 
2.3.5 unguided session 
 
A last option is to practice yoga without any guidance. This requires the memorization of sequences of 
postures, so the practitioner can recall them at will. An advantage of unguided practice is that you are free 
to do exercises whenever and wherever you like. Another advantage is that there are fewer stimuli to be 
distracted by, so you can fully concentrate on your own development. A crucial disadvantage is that 
information feedback loops are far less reliable, because you only have perceptions from a first person 
perspective, unless you use a mirror or some other mechanism for immediate feedback. 
 

2.4 opportunities for yoga technology 
 
In a meeting with Kundalini teacher Ingrid Bal, she stressed that yoga is mostly an internal process, and 
should be unique for each individual. Individuals should be free to practice yoga in their own way and not 
feel persuaded to have to follow instructions. Even in case that the student does the exercise in a very 
different way as the teacher does, the teacher can only guide and motivate and may never touch the 
participant. Bal points out that designing for the ‘modal’ user will not work, so technology should not 
strictly impose something onto individuals, such as a breathing rhythm, specific posture, or point of focus. 
Instead, it might guide people with feedback that is not present in the foreground of attention, but in the 
background, there to be retrieved by the yoga practitioner on demand. 
 
According to Bal, an important advantage of a group session is the energy that emanates from others and 
directly influences and motivates you. Also, because the teacher is further on the path of Yoga, and should 
stay connected to the “subtle body” while doing the session, she acts as a channel of energy to the 
students. This will inherently be lost once the yoga teacher becomes substituted by a technological system. 
I think that the strength in technology to support yoga practice lies not in replacing human contact, but in 
complementing it. 
 
A system supporting yoga practice could offer a great benefit by being sensitive to the individual 
practitioner’s internal state, and offering motivational information at times that he can use some support to 
overcome a threshold. Bal indicated that it is a role for her to sense whenever a student goes through a hard 
time, and in those cases utter encouraging words to support the student in holding on and getting through 
these moments. Examples of such moments are when the person starts to experience physical pain due to 
the prolonged holding of an asana, or when he or she starts to experience mental discomfort such as by 
having distracting or negative thoughts. She also indicated that overcoming these stumbling blocks is 
crucial for successful yoga practice. 
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Bal is open to seeing technology to guide people in yoga practice, but is hesitant about its potential to bring 
people quicker to an ultimate state of enlightenment. She does not believe in a technological shortcut to 
this state by means of a biofeedback system, and thinks that still, the full yoga system and a holistic 
change of one’s life is needed for attaining this state. There is support for the viability of biofeedback to 
induce “ASC[altered states of consciousness]-like phenomena” by giving people more self-awareness of 
and control over an internal event (Vaitl, Gruzelier, Jamieson, Lehmann, Ott, Sammer, Strehl, Birbaumer, 
Koutchoubey, Kubler, Miltner, Putz, Strauch, Wackermann and Weiss, 2005). Samadhi, the state of ‘occult 
enlightenment’ and ultimate goal of yoga, does have physiological correlates, namely a decrease in oxygen 
consumption, heart rate and blood lactate, as well as increases in skin resistance and EEG alpha activity 
(Mavromatis, 1987). It is however not yet demonstrated that a biofeedback system can train people to 
voluntarily produce this state. It would be too high an aim for this project to take on this challenge. 
 
Therefore, I focus on another effect of yoga that is more familiar to the Western world: flow. What seems to 
happen in yoga is that, as a practitioner’s skill increases, he is able to incorporate more and more 
awareness of his body into his actions, hence memorizing them so they become automatic to the 
practitioner. This, then, brings the practitioner in a state of flow because he does not have to consciously 
think about what he his doing any longer, while still developing the control over his body. Thus, yoga 
results in developing skill, letting go of objects of conscious attention, and attaining a state of flow. 
 

2.5 faithfulness to the yoga teachings 
 
While the goal of the project is not to prove that the final product can elicit a transformational experience, it 
is an important requirement that the system does not impede this, for otherwise it would be unfaithful to 
the original yoga teachings. Now I will delve more into these teachings as well as into more Western 
notions, in order to understand better how to stay faithful to the teachings and give people the opportunity 
to use the system throughout the entire path of yoga practice. 
 
Eastern schools of thought teach that outside of the ego, the social self with which we identify, there is a 
sublime form of happiness. It is when we let go of local identifications and to learn to hold them as optional 
instead of being habitually attached to them that we gain a ‘cosmic consciousness’; an intuitive 
understanding of the evolutionary process that we are part of, and that we are ourselves, instead of a 
merely local self with an ego-personality. It is the local self that identifies with perceptions in terms of what 
is useful about them socially; an identity of a person on this level is constituted, for example, by his or her 
face, clothes, characteristics of movement and speech, and physical appearance. 
 
I think that ultimately, technologies do have the potential to give people a new, transcendent sense about 
who they are. Yoga teaches exactly this, partially by making people aware of their bodies as a whole, so 
they can learn to use it with all the potential it has, irrespective of social norms and expectations that 
emphasize certain parts over others. If then, the body of the yoga practitioner would be augmented with 
technology, people could possibly also attain a more holistic, intuitive understanding of technology, and the 
processes underlying it, so they can see how their lives change together with the technologies they use, 
and gain conscious control over this instead of being “benumbed” by our technologies into a “subliminal 
trance”, as McLuhan (1969) has put it. 
 
This is somewhat in line with Martin Heidegger, who wrote about us being transitory expressions of a 
larger ‘Being’, and that we should not try to control this ‘Being’ through technology, but instead have it 
reveal other aspects of life (Murphie and Potts, 2003). Lovink (Lovink, 1994), in interpreting Heidegger, 
states that yoga is “an alternative to the high stress of the mind-brain-visual focus of Western technology. 
Not like a substitute, but a complement, a counterbalance”. Also he states that this practice could correlate 
to Heidegger’s term ‘Gelassenheit’ that denotes a way of thinking that is meditative, open, and “thanking” 
(Von Eckhartsberg and Valle, 1981),  instead of rationally analyzing, the latter being the prevailing mode of 
thinking in modern societies. Lovink also mentions something akin to having people become more aware 
about the technologies they use instead of clinging to local identities, when mentioning that  
 

“We have to be aware of the need to expand the base of technology, to bring the technological human being 
alive, everywhere, as much as possible, so that we become self consciously technical, technological beings 
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and don't leave people behind. So that we don't fall back in national identities, ethnic groups. We need to 
realise our technological destiny.” (Lovink, 1994) 

 
Also Michael Bauwens (1996) thinks that technology will be crucial in a widening of mankind’s 
consciousness to “extend human identities, to overcome feelings of separateness with the rest of mankind, 
nature, and the Cosmos” and “to arrive at a more holistic view of technology”, stating that “the merging of 
man with technology could be seen as part of larger mystical task within the context of the universe." 
 
A less esoteric perspective arises when comparing our state of being to that of the animal in nature, and 
sketching out a vision where we restore a life that is more similar to that of the animal. The animal does not 
cognize; it is hardwired to him live out fully his embodiment in the world he is present in, instead of 
consciously having desires and fears. Tomasi (2008) calls this an ‘intimate’ relationship with the world, 
which human beings lost at the moment the first tool was created. With that, also the self was created and 
positioned in a web of “relations of subordination between subjects and objects” (Tomasi, 2008). Tomasi 
states that through technology, we search to restore a state akin to the animal’s state of immanence, of 
intimacy, of not distinguishing between itself and an other. It must be noted though that this new state will 
be different from the animal living in a natural ecology, in that we will be creating it instead of being 
thrown into a world where we cannot feel at home in. Unlike the animal, we will still be free to choose to 
identify with things and see distinctions such as between subjects and objects, whenever we like to. 
 
While in line with Tomasi (ibid.) it is clear that we need technology, he also points out that current-day 
technologies are not sufficient for reaching the “lost intimacy” we had as animals. His view is that 
technology should have people engage with it “without thinking about it”, hence bringing people in a “non-
positional consciousness”. By developing a car as a technology optimized for driving from one point to 
another, humans are invited to think of other places to go to, because the technology is in a sense the 
embodiment of this desire. But when one uses the car for the sake of driving itself, as Tomasi (ibid.) 
illustrates, people enjoy the present without desire, anticipation and worry. In that case, the technology is 
what Heidegger calls “ready-to-hand”, on the background of awareness, in what Verbeek (2007) calls an 
“embodiment relationship” with its user. In this relationship, the technology becomes a familiar extension 
of the human body, co-shaping its relationship with its environment. 
 
I think that this embodiment relationship is what should be strived for in the design of technology to 
support yoga practice, in order to have the wearer not think about the technology, but being fully engaged 

in his yoga practice, and potentially reach the end goal of yoga; a complete union of body and mind. 
 

2.6 design guidelines 
 
To summarize and conclude this section, the following preliminary design guidelines were extracted from 
researching yoga, an expert interview, and doing yoga myself. 
 

o The system’s feedback should not distract the practitioner in any way. 
o The physicality of the system should not draw attention to itself, in as many bodily positions as 

possible. 
o The physicality of the system should never cause pain stimuli. 
o The user should be able to lay flat on his back without resting on hard parts of the product. 
o The user should be able to stand on his shoulders without resting on hard parts of the product. 
o The user should be able to sit on his buttocks or heels without resting on hard parts of the 

product. 
o The user should never have to adjust his body in order to fit the input device; it should naturally fit 

well to his body. 
o The system should not be marketed solely for relaxation or fitness purposes, but as a potential to 

use along the entire path of yoga. 
o Information should be accessible without the practitioner having to change his physical posture in 

any way. 
o The system should not require explicit input actions from the user that disrupt the experience of 

flow. 
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o The system should not pretend to know more than it does. 
o The system should not impose a time restriction onto the yoga practice, but let the user free in 

determining how long to continue the practice without interruptions from the system. 
o During yoga practice, the practitioner should not be coerced to follow an imposed pattern, but be 

provided with unobtrusive feedback on the background of awareness. 
o Possibly, the option to control the challenge level is useful; people who want to do yoga seriously 

might want to be challenged more than people who just want to relax or have some light exercise. 
o The user should not be reminded of a goal to reach or given feedback during practice about how 

far he is in reaching a goal.  
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3 
towards a design framework for eliciting 
a flow experience in yoga 

 
This section explains theoretically how to design for an experience of flow while developing 
bodily skill through yoga practice. To do so, I explore theories about biofeedback, perception, 
skill acquisition, resonance in human-product interaction, readiness-to-hand, and the flow 
experience. 
 
3.1 biofeedback 
 
The system to be developed is by definition a biofeedback system, as it meets the definition of Schwartz 
(2005) that poses biofeedback as: 
 

1. a group of therapeutic procedures that 
2. uses electronic or electromechanical instruments 
3. to accurately measure, process, and feed back, to persons and their therapists, 
4. information with educational and reinforcing properties 
5. about their neuromuscular and autonomic activity, both normal and abnormal, 
6. in the form of analog or binary, auditory, and/or visual feedback signals. 
7. Best achieved with a competent biofeedback professional,  
8. the objectives are to help persons develop greater awareness of, confidence in, and an increase in voluntary 

control over their physiological processes that are otherwise outside awareness and/or under less voluntary 
control, 

9. by first controlling the external signal,  
10. and then by using cognition, sensations, or other cues to prevent, stop, or reduce symptoms 

 

A basic model for biofeedback system design is provided by Dozza (2007). It shows that a biofeedback 
system has a sensing part that passes on raw data to a part that codes the sensor data into a representation 
of this data. This representation is subsequently sent to actuating elements and interpreted by the user 
who can then adjust his body in order to generate new sensing data. 

 

 
Diagram for the design of a biofeedback system [dozza] 

 
There are various ways to design the behavior of the system, and these have been analyzed by Raczynski et 
al. (1982), who came up a classification of biofeedback systems into the following paradigms: 
 

o The operant model is based on the idea of operant conditioning that the probability of a response 
is increased when a reinforcer follows that response. This hence creates a positive feedback loop 
in the learner. 
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o In the motor skills model the person learns specific somatic responses which have his body make 
the intended change, such as the speeding of heart rate. In this way, the feedback teaches the 
individual to activate muscular responses which are coupled physiologically to the intended 
changes. 

o According to cybernetic or systems theory, biofeedback operates within a closed physiological 
system designed to keep the organism in a state of homeostasis or equilibrium. This can be 
compared to the functioning of a thermostat. 

o The antistress or relaxation model regards control of particular physiological responses as 
mediated by the acquisition of a more relaxed tonic level of sympathetic activation. 

o Discrimination model biofeedback is mediated by the subject acquiring awareness of internal, 
interoceptive responses. Awareness then leads to calibration, a process thought to occur by 
pairing of exteroceptive feedback with interoceptive perceptions. 

o Within the cognitive model, biofeedback is conceptualized as an extension of the routine process 
of self-regulation of emotional states or, more specifically, of cognitions (i.e. self-statements and 
images). 

 

 
Global directions as to how yoga practitioners could be supported by a biofeedback system. 1. Dynamic movement 

qualities of an expert yogi are embodied in a garment to serve as a scaffold for the novice yoga practitioner. 2. A 
garment detects difficult moments, or ‘stumbling blocks’, and acts as a motivator to get through these moments, for 

example with a timer, possibly coupled to reward and punishment. This would function according to the ‘operant 
learning’ paradigm of biofeedback. 3. You can plan a sequence of asana postures in advance. The garment will then 

indicate when to do which exercises through coded representations on the body. 4. This system 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. This would be classified under the ‘awareness’ paradigm of biofeedback. 5. A garment gives 
rich, dynamic feedback about breath and movements in order to synchronize these processes. This could work like a 
thermostat, in line with the ‘cybernetic’ paradigm of biofeedback. 6 Giving galvanic skin resistance feedback on the 

body in order to maximize relaxation and the likelihood of attaining an altered state of consciousness. 

 
3.2 sensory integration 
 
Before going into detail, it is useful to gain a high-level understanding about how perception and action 
work together to make for effective interaction of the body and its environment. Hereto, I found the theory 
of sensory integration helpful. This theory was developed by Jean Ayres to guide practice with children 
who have a developmental disorder. The theory 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 
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execute motor behaviors (Dozza, 2007).  The sensory sources are divided into the five external senses – 
visual, auditory, touch, smell, and taste – and three internal senses – proprioception, kinaesthesia, and 
vestibular. The internal model needs to be continuously recalibrated so that it can weigh differently the 
motion information coming from the different senses (ibid.). So in yoga, it is not only bodily skill that gets 
optimized, but also the internal representation of action and predictive model for the perceptions that these 
actions lead to. Furthermore, for the reason that all sources of sensory information for use in a specific 
context have to be integrated, redundancy of sensory information is crucial (ibid.). Whenever the sensory 
information does not accord with the internal model, this model needs to be updated, which can require 
conscious effort. Perceptual illusions, such as when one crosses the fingers to touch a small spherical object 
with both tips of those fingers and subsequently feels two separate objects, are extreme examples of a lack 
of correspondence between perceptions and the internal model. Any lack in this correspondence should be 
avoided in yoga, as the goal is to progressively let go of all directed attention and conscious effort. 

 
3.3 skill acquisition 
 
3.3.1 a cognitive perspective 
 
To outline the desired behavior of the system to a deeper extent, it is helpful to look into literature that 
explains what happens on a more detailed level with the acquisition of perceptual-motor skill. Here I will 
give an explanation from the perspective of cognitive psychology, which treats humans as processors of 
information that develop motor programs or ‘action plans’ in the brain in order to control the body, similar 
to a computer program controlling its hardware. The growth of skill occurs because the brain learns 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 increased accuracy of predictions results in the learner needing 
less and less focused attention and cognitive control as skill grows (Rosenbaum, Augustyn, Cohen and Jax, 
2006). This latter notion is in line with the Fitts-Posner model of motor learning, which conceptualizes 
individual human skill learning as occuring in three stages (Feygin, 2002; Rosenbaum et al., 2006): 
 

1. Cognitive stage; learners attempt to form the overall concept by gaining information, and separate 
elements of a skill are deliberately controlled. 

2. 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. 

3. 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. 

 
This model seems to resemble the three phases through which a yoga practitioner’s consciousness 
progresses while progressively letting go of objects of conscious attention. 
 
Guadagnoli and Dee (2004) provide a framework to inform how information should be presented to the 
learner, depending on the difficulty of the task and the skill level of the learner. They state that for optimal 
skill learning, enough information should be available to challenge the learner, but not so much that it 
overwhelms him. As skill grows, also the task difficulty should be increased so as to generate an equivalent 
amount of information (Guadagnoli and Dee, 2004). To increase contextual interference with the increase of 
skill also supports learning (Ibid.). Further, to maximize the learning effect, the frequency and immediacy of 
augmented feedback about the results of an action should be high for generally difficult tasks, while this 
should be lower for easier tasks (Ibid.).  
 
3.3.2 a dynamical systems approach 
 
I would like to complement the explanation from a purely cognitive point of view by involving notions from 
the dynamical systems approach. This approach treats the human being as embedded in a complex 
environment, and as continuously interacting with it with much of its memory stored in the environment 
and in the body, rather than in internal representations in the brain. Consequently, movement patterns 
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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). 
 
This interplay is chaotic and non-linear, but deterministic in that it constantly organizes itself towards so-
called ‘attractor states’ or ‘attractors’. 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.” 
 
When applying the concept of attractors to yoga, the perfectly controlled performance of a pose would be an 
attractor, since the dynamical system is either flowing towards or settled in this state. Skill acquisition 
then, in the words of Handford et al. (1997), may 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 forces which could perturb the stability of the system” (Ibid.). This process 
can be compared to carving out a niche in an ecological landscape (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.). 
 
This process of skill acquisition may take two different forms (Magne and Scott Kelso, 2008): a “shift” route, 
and a “bifurcation” or “phase transition” route. In the former route, a pre-existing attractor is modified to 
the position required by the task to be learned, while in the latter route, existing attractors are too far 
distanced from the required value, so a new attractor is created. 
 
According to dynamical systems theory, attractors and the movement patterns towards them evolve as a 
consequence of both the constraints imposed onto the dynamical system, and the intrinsic dynamics of the 
individual learner before he enters the learning environment (Ibid.). The constraints can be imposed either 
by organismic factors such as the physical, mental or emotional state of the individual, by environmental 
factors such as feedback in the context, or by the task such as in the form of rules (Handford et al., 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) This seems to accord with the Fitts-
Posner model in that information from the environment is first gained and then incorporated as if you 
become one with this information over time, so in the end you are able to act without consciously being 
aware of the memorized information. Furthermore it is of interest to note that the intrinsic dynamics are 
different for each individual, so the learning process towards an attractor state can be highly variable 
between different individuals in both nature and rate (Ibid.). 
 
Handford et al. (1997) further explain how skill acquisition occurs in three subsequent stages: 
 

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 co-ordinative 
structures, in the end leaving only a limited number of degrees of freedom unconstrained by 
muscle linkages. 

2. Control: the co-ordinative structures previously assembled 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”. 

3. 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. Also, a high level of dissociation between co-
ordinative structures arises. 
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A visualization of a chaotic system developing towards a ‘strange attractor’, created with the software program 

‘Chaoscope’. This visualization resembles the three stages of skill acquisition as described by Handford (1997). Left: 
Coordination stage. A soft assembly of temporary coordinative structures arises. Middle: Control stage. The whole 

reconfigures towards stable regions of attraction. Right: Skill stage. An optimal organization is achieved through 
quantitative scaling of the control structure’s components. 

 
Now having outlined the basic concepts of the dynamical systems approach, it is important how these 
concepts can be applied in the design of a system that guides people in yoga practice. 
 
Handford et al. (1997) mention a number of roles that the coaching system should provide. Firstly, it should 
be the role of the coach to ensure the correct discovery environment in which the learner can explore freely, 
by imposing the right constraints onto it, instead of employing a ‘textbook’ approach (Ibid.). The boundaries 
of the workspace should not be too tightly constrained, for then regions of stability may be difficult to 
discover. On the other hand, if the limits are too broad, the search may become indefinite while the learner 
discovers multiple regions of stability that continually emerge and disappear (Ibid.). Therefore, the coach 
should allow for the right amount of variability in movement patterns. 
 
Secondly, Handford et al. (1997) suggest a ‘hands off’ approach to guiding skill acquisition during the co-
ordination phase, which corresponds to minimizing the interaction between the coach and learner in the 
very early stages of learning. This will make sure that the true dynamics of the movement are revealed 
through discovery. He states that  
 
“coach intervention at this stage may well assist in the short-term assembly of coordinative structures as temporary 
solutions, but the ongoing process of establishing control may be delayed as a result of inappropriate co-ordination early 
on. In other words, the learner may come to rely on these temporary solutions for immediate performance in specific 
environments, but the unique relationships which influence long-term performance transfer to a variety of novel 
experiences will not be established early in learning.” (Handford et al, 1997) 

 
Thirdly, it is also the role of the coach to encourage awareness of perceptual consequences of movement in 
the environment and provide the learner with opportunities to explore further their perceptual-motor 
workspace (Ibid.). Thereto, it is likely according to Handford et al. (1997) that augmented feedback 
concerning time-displacement, joint angles, limb velocity, and acceleration is likely to be of some benefit, 
especially in the ‘control’ phase of skill acquisition. He mentions further that it may be more fruitful to seek 
a source of feedback information that “reflects more closely the essential relationships between performer, 
environment and task.” (Ibid.) This is in line with Dozza (Dozza, 2007) who states that a main challenge of a 
biofeedback system is the design of a representation for the feedback variables that is easily 
understandable and non-interfering to the task performance (Ibid.). 

 

3.4 resonance 
 
There is a clear connection between the ecological explanation of skill acquisition, and the concept of 
‘resonance’ posed by Hummels et al. (Hummels, Ross, and Overbeeke, 2003) as a goal for interactive 
product designers. Her definition of resonance in the context of product design is “the perfect interplay 
between a person and a product […] which evokes strong positive emotions, unique accompanying 
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behaviour, heightened awareness and cognitive processing.” (Hummels, 2007) The link to ecological 
psychology is that people in a sense can be seen as antennas tuning in to a certain frequency, so only some 
incoming signals from the senses will produce a resonance within the person. As Hummels (2007) explains, 
the condition for resonance to occur is  
 
“a fit between the product and the kind of interaction on the one hand, and a person's (latent) concerns, value system, 
personality, skills, senses and effectivities on the other, all within a given context.” (Hummels, 2007)  

 
In the context of yoga, the goal in a sense is to achieve resonance between the practitioner’s action and his 
perceptions, so he continuously acts like the antenna that is perfectly attuned to his own bodily processes. 
In yoga, you become fully resonant with yourself, or more precisely, your internal model of yourself or ‘body 
schema’ comes to resonate with your perceptions. This seems related to the physics concept of an ‘eigen-
behavior’ that occurs when a system behaves in its own resonance frequency. Feijs (2006) thinks that a 
natural aesthetic quality is perceived when systems display eigen-behavior, and that humans “have an 
intuitive understanding and are even used to making unconscious estimations of the eigen-functions of the 
systems, objects, products and bodies they encounter in life, including as an important special case, their 
own body.” Because of the parallel between yoga and resonance, I am convinced that design principles 
leading towards resonance in human-product interaction will also apply for supporting motor skill 
acquisition in yoga practice. 
 
In a study that employs the methodology of doing “research through design”, Hummels et al. (2003) 
explored the correlation between aspects of a design, and the experience of resonance. One conclusion she 
draws is that a unity of location, direction, modality and time with respect to the user’s action and the 
system’s feedback, as is promoted by Wensveen et al. (2004) to accomplish natural interaction, does not 
necessarily lead to the experience of resonance. What is more important is a natural mapping between the 
product’s appearance, the interaction and the resulting feedback (Hummels et al., 2003). Furthermore, 
Hummels (2003) states that “temptation, intimacy and engagement during interaction are generally 
considered essential to increase resonance, provided that a user feels in control.” It is not further, i.e. on a 
lower level, explained what is meant by terms such as natural, temptation, engagement, and intimacy, so I 
will briefly explore these terms first. 
 
3.4.1 natural mapping 
 
Natural mapping is explained by Norman (1990) in that the qualities of the controls to an action should 
have a relationship as direct as possible to the qualities of the operation of the system as a response to the 
action, so the user gains an immediate understanding about the system. Norman further mentions that to 
give rise to a natural mapping, designers can take advantage of both physical analogies and cultural 
standards. A natural mapping between appearance and interaction can be created through designing good 
affordances, i.e. physical forms that directly invite specific behaviours. An affordance could be seen as a fit 
between a perceptual pattern and the dynamical system constituted by the user and his skills, so it offers 
action possibilities to the user by directly inviting him to act.  
 
3.4.2 temptation 
 
When it comes to temptation, Hummels et al. (2003) note that the preferred amount depends on the person, 
the context, and the task, as some people like to know what they can expect while others like to explore 
without needing to know what to expect. In a yoga context, I think the same applies; when people will be 
guided by a system, some like to know why the system is giving certain signals, and will try to derive the 
intention of the system. Others, on the other hand, will probably find cognitive understanding less 
important and will more easily give themselves over to the machine, in a sense. Therefore, the system 
should come with an explanation so whenever the need is felt, the user can get information about why the 
system works the way it does. 
 
3.4.3 engagement 
 
Engagement is also promoted by Verbeek and Kockelkoren (1998) who give the example of a piano as an 
engaging object, while a music adapter is an example of a product that withdraws and instead of asking for 
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“engagement” with it asks for “consumption”. He mentions that while a piano withdraws itself from our 
relationship with the world too, it still asks for involvement. The physicality of the piano “embroils us in its 
functioning”, so we come to be what Verbeek (Verbeek and Kockelkoren, 1998; Verbeek, 2007) calls in an 
‘embodiment’ relationship with the thing rather than just having a thing deliver a commodity. To make for 
a durable relationship between a human user and a technological artefact, Verbeek (2007) thinks that this 
‘embodiment’ is crucial. 
 
3.4.4 intimacy 
 
‘Intimate computing’ is a paradigm for ubiquitous computing, that describes three ways in which 
interaction with digital technology can become more intimate (Bell, Brooke, Churchill, and Paulos, 2003): 
 

1. physical closeness  
2. intimacy with technology: our technologies know us intimately, but we may or may not know 

them intimately. 
3. intimacy through technology: technology that can express of our intentions, actions and feelings 

toward others. 
 
The designs in the study of Hummels et al. (2003) mostly have the ability to convey human expressions 
meaningfully into actions, thus offering intimacy with the effect of technology through the technology, 
which could bring about the experience of resonance. By making the system wearable, I already increase 
the physical closeness, which is likely to increase the experience of resonance with the system. Intimacy 
with technology is an interesting aspect as it might lead for example to the system keeping a user profile to 
give more personal feedback. Nevertheless, the predominant focus of this project is to design the direct, 
embodied experience rather than the cognitive aspects of the system.  
 
Tomasi (2007; 2008) treats the notion of ‘intimacy’ as a vision for future technology on a more fundamental 
level. He describes that technological tools necessarily lead us away from intimacy, as they divide the 
world into distinct subjects or selves, and distinct objects external to us, whereas animals do not see this 
difference. Tomasi believes that technology can bring back this kind of intimacy, by having us engage in 
the world without thinking about it. He describes that this happens for example when we drive a car purely 
for the sake of it, without thinking of getting to a destination. Here, we come at a “total familiarity” with the 
technological object, so it recedes into the background to become nothing but an extension of our body 
(Tomasi, 2008). This seems similar to Verbeek’s notion of the ‘embodiment relationship’, and it is 
noteworthy that both Verbeek and Tomasi refer to Heidegger’s notion of readiness-to-hand, which I will 
explore further. 
 

3.5 readiness-to-hand and non-positional consciousness 
 
Martin Heidegger was a German philosopher who wrote extensively about technology, and proposed that 
there are two fundamental ways in which we can be related to technological artefacts (Dourish, 2004):  
 

o An object is ready-to-hand when we act through it so the equipment we use withdraws. 
o An object is present-at-hand when we are consciously acting on it.  

 
Dependent on the situation, an object can be either present-at-hand or ready-to-hand. For example, a 
computer mouse is ready-to-hand when it is used to control the on-screen cursor. But when your hand 
would slide off the desk and the device changes the way it mediates your actions, the mouse becomes the 
object of conscious attention, hence rendering it ‘present-at-hand’ (Ibid.). Also people are often 
simultaneously using objects as ready-to-hand, while they use others as present-at-hand. 
 
For a yoga context, I think that the notion of ‘readiness-to-hand’ is not enough to make for an optimal 
interaction with the system. If the system becomes ready-to-hand the experience can be engaging and 
intimate, so we might resonate with the system. Though in yoga, the ultimate goal is coming to be in an 
embodiment relationship not only with the technological object, but also with our own body and with the 
environment. Hence, the system should contribute to an experience in which nothing is experienced as 
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present-at-hand anymore, so we entirely lose an objectifying consciousness. Tomasi (2008) calls this a 
“non-positional consciousness” that “engages the world without thinking about it”. This takes 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). 
 
A crucial design challenge for the project thus is to find out how to give rise to an experience of readiness-
to-hand of everything. 

 

3.6 flow 
 
A last important concept to take along in the design process is ‘flow’, which is extensively treated by 
psychologist Mihaly Csikszentmihalyi. He noticed that people need meaningful and pleasurable lives, and 
thereto must become independent from the social environment. More than that, he perceived an “inner 
disorder” and a lack of complexity in people, who tend to act out of egotism and conformity 
(Csikszentmihalyi, 1990, p. 66). Csikszentmihalyi thinks that people should be motivated to develop an 
“authentic self” and have their goals autonomously originate from this inner source, instead of from sources 
outside of themselves, such as biological or social needs (Csikszentmihalyi, 1990, p. 275). The “autotelic 
self” that hence arises passes the boundaries of his individuality and becomes one with the system he is 
part of. The person who possesses an autotelic self is always involved in what happens around him and 
most of the time in a state of flow (in loc.). 
 
This is in line with yoga, as yoga also stimulates people to cease acting from the ego and expand their 
sense of self, namely by letting go of the local self and identifying with the heavenly body that connects 
everything. As Csikszentmihalyi (Csikszentmihalyi, 1990, p. 145) mentions, yoga has the same goal as the 
activities giving rise to an experience of flow: the control over consciousness. Although he states also that 
on a deep level the goals of flow and yoga are opposite, as flow is meant to reinforce the self while yoga 
makes it disappear. 
 
I think this fits with the idea that in yoga, everything must take on a relationship of readiness-to-hand, 
while in a flow experience it can still be the case that there is a conscious attention directed upon 
something in order to achieve certain goals that contribute to the growth of the autotelic self. In yoga, there 
is no goal other than letting go of goals and the self, although I think that in terms of the experience one 
has during yoga the term ‘flow’ is still accurate. There is a form of yoga called “Vinyasa Flow Yoga”, and 
the term flow is occasionally used during instructional videos to for example tell practitioners to “flow with 
the breath”. Also when observing the movements of an experienced yoga practitioner, it is evident that 
there is a distinct flow connecting all individual movements into a seamless whole. 
 

3.7 reaching non-positional consciousness in a state of flow 
 
The main design challenge for feedback to support yoga practice is to lead to an experience of non-
positional consciousness, i.e. not thinking about anything, while experiencing flow. But how do you design 
for such an experience? 
 
3.7.1 designing for flow 
 
A first insight comes from Csikszentmihalyi (1997), when he states that in order for flow to occur, a person’s 
skills should be fully involved in a challenge that is just about manageable. This brings the person ‘in the 
zone’. When skills are not fully involved, it is likely for arousal to occur whereas when skills are high but the 
challenge is too low, the person is in a state of control, but not flow. It is thus of prime importance for the 
system that it keeps challenging the user while employing his skills to the fullest extent. Other important 
antecedents for the experience of flow are to have clear goals, as well as immediate and relevant feedback 
that makes clear how well the person is doing (Csikszentmihalyi, 1997). 
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Flow occurs when skills are fully involved, and the challenges are high (from Csikszentmihalyi, 1997) 

 
Chen (2007) applies the concept of flow to give guidelines for designers of interactive experiences, 
especially games. An important notion he makes is that players have different flow zones, since they have 
different skills and expect different challenges. He makes the distinction between novices, average users, 
and hardcore users, who relatively lower, average, and higher challenges in order to remain in the zone. In 
the context of yoga, people with little experience might soon get frustrated if they are presented with a task 
that is too challenging early on in the experience. Also, some people will be more willing to stress 
themselves than others who want to take it more slowly. It is important that the system can adapt to these 
different types of users. In order to design for a variety of users, according to Chen (2007), designers should 
offer many choices so the user can stay within his flow zone. Because offering choices can be costly, 
overwhelming, and annoying, Chen advises that choices are embedded into the core activity, in this case 
yoga. This may happen by including movements that flow along with the yoga practice, but are meant as 
explicit input to have the system make a choice, for example the choice of a particular posture. 
 

 
 

Left: users stay in their Flow zone when challenges are balanced with their abilities. Right: by offering choices, players 
can stay in their own Flow zone. (from Chen, 2007) 

 
Next to the psychological dimension of flow, there is also a physiological one in that people cannot enter a 
state of flow in case they fail the task because the exercise is too intense, or in case the intensity is too low 
and the user becomes deteriorated (Sinclair, Hingston, and Masek, 2007). Therefore, an optimal match 
between the intensity of the exercise and the fitness of the user should be maintained in order to have the 
user experience a state of flow. To do so, Sinclair et al. (2007) propose that feedback about the user’s 
physiological state should be used to adjust the level of challenge. 
 
Further, Sinclair et al. (2007) state that for users of exergames to enter a flow state, they must be able to 
focus on a narrow field of attention. This focus can be either predominantly on the task of the game, or 
more on the input device. It is clear that in a yoga context, the challenge is embedded in the asana 
practice, and the input device should draw as little attention to itself as possible. 
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3.7.2 designing for readiness-to-hand 
 
Next to designing for flow, it is important to be aware of guidelines for the design for readiness-to-hand. In 
yoga, as already mentioned, the goal is to attain a state where no conscious attention is present, but 
everything is in a state of readiness-to-hand, including the practitioner’s body, the technological artefacts 
attached to the body, the physical environment, but also the task information must be fully incorporated 
into memory. 
 
A first challenge is that of making the wearable system unobtrusive from a physical point of view. Dunne 
and Smyth (2007) mention that “a perfectly wearable device is instantly integrated into the body schema, 
and remains such part until it is removed from the body.” The body schema is the “dynamic understanding” 
humans generate of the physical aspects of their bodies, i.e. an unconscious representation or mental 
model of the body that the brain uses to predict the consequences of actions. As long as perceptions are 
aligned with predictions, an object does not come under attention involuntarily, thus not disrupting the 
user’s cognitive processes. A garment can become obtrusive to the receptors in the skin as a result of five 
factors: pressure/constriction, texture, thermal balance, moisture transport, and freedom of movement. 
Furthermore, from my own yoga sessions it became clear that obtrusiveness can be visual or auditory as 
well. For example, when wearing a brightly coloured watch this can visually distract, but also produce 
unexpected and thus distracting sounds in case it hits other hard objects such as the floor. Dunne and 
Smyth (2007) do mention that humans are very adaptable to intrusions other than those nearing extreme 
pain. In yoga practice though, this aspect is not to be underestimated as body parts can be pressed against 
one another for extended amounts of time. Moreover, different body parts often have contact with the floor 
while supporting the entire weight of the user. This makes that a slight change in the design, such as a 
small hard element on the body, or an area of clothing that wraps too tightly around the body, could already 
lead to significantly obtrusive physical pain. 
 
In order to make the technology ready-to-hand in behaviour, Verbeek and Kockelkoren (1998) mention that 
the product must be “transparent”. It needs to become familiar so we can reintegrate it into our actions 
(Verbeek and Kockelkoren, 1998). For this to happen, the user needs to develop a mental model that 
accurately predicts sensory perceptions as the result of bodily actions. In yoga, because conscious attention 
should be progressively let go of, it is important that the information the system gives is not coded, which 
would require the user conscious effort and time to translate the information. Instead, information should 
be presented directly to the user in an intuitive way. Tomasi (2008) seems to support this in stating that in 
order to make an unfamiliar object part of the sense of self, a “high level of immediacy” is needed, without 
any division in time and space. 

 
3.8 design guidelines 
 

o Immediate and relevant feedback as to how well the person is doing should be available. It should 
be immediate in both time and space. 

o Sensory input should not be given by the system in places where this is very unfamiliar or 
discomforting. The sensory input should be able to become part of the internal model of the user 
and become predictable. 

o The system should have no visually or auditory distracting elements. 
o At the start of a learning process, focus should be more on cognitive information, whereas when 

the learner progresses the information should be more of a direct nature. 
o Very early in the skill acquisition process, the system should not physically steer the user, but 

have him discover the true dynamics of the movement. 
o As the skill of the user grows, the feedback information should adapt in order to still challenge the 

user and have him perfect his skill. 
o The feedback should be as adaptable as possible to suit each individual user’s preferences (e.g. 

hardcore vs. novice user). 
o The challenge level of the system should be adaptable for each user. 
o Feedback about the user’s physiological state (e.g. fatigue) should be used to adjust the challenge 

level. 



 30 

o The system should not tell the user what to do, but rather impose constraints onto the learning 
environment. 

o The system should allow for the right amount of variability in movement patterns, i.e. allow the 
right amount of deviation of the user. 

o The system should make the user more aware of perceptual consequences of movement in the 
environment. 

o Augmented feedback information should reflect the essential relationships between performer, 
environment and task. 

o The product’s appearance, its interaction and the feedback should be naturally mapped to each 
other. There should be no semantic translation necessary to derive meaning from physical form or 
digital feedback but this should be naturally clear to the user. 

o The system should be transparent on demand; if the user wants to know why the system acts the 
way it does, this information should be available and accessible. 

o The system should entirely stay on the background, so the user can focus on his own yoga 
experience rather than on interaction with the system. 

o The system should always fully involve the user’s skills. 
o The goals of the system must be clear. 
o Many choices should be offered by the system, and these should be embedded into the core 

activity of yoga practice so as to not disrupt the flow. 
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4    
design framework 

 
Here, a framework is presented that synthesizes the theoretical explanations of skill acquisition, 
flow, resonance, and readiness-to-hand for the context of yoga practice. It offers a way to 
design a feedback system in an abstract way, so the main parameters can be decided upon as 
a guideline for the design of the actual system. 
 
4.1  design dimensions 
 
For the design of the biofeedback system to facilitate perceptual-motor skill acquisition in yoga practice, 
the following dimensions can be distinguished: 
 
4.1.1  semantic vs. direct information 
 
A general important distinction can be made between semantic and direct information. Semantic 
information creates a mental image, in a top-down fashion, in the user’s mind that he can use to imitate in 
order to learn. Direct information is intuitively understandable because it does not require a translation in 
that it is naturally coupled to the intended result of the information. An advantage of semantic information 
is that it allows a lot of information to be transferred in a single moment, because it is an abstraction. It 
makes use of the user’s cognitive skill to fill in the gaps for himself. The main disadvantage of semantic 
information is that it requires conscious attention from the user. 
 
Visual information such as seeing a yoga teacher perform a movement, may be semantic since the user 
might not intuitively understand how to make the movement himself, so he needs to make a mental 
translation before doing the movement himself. But visual information can also be direct, for example when 
the teacher acts as the mirror image of the yoga practitioner. This way, because the mirror neurons of the 
practitioner intuitively understand how to mimic the teacher, no conscious translation needs to be made. 
Auditory information can be semantic, such as in the case of spoken words that codify a certain movement 
that the user consciously has to translate. Auditory information can be direct too, when for example the 
pitch of a tone is directly and intuitively linked to a physiological parameter such as the curvature of the 
spine or the position of the hands. Furthermore, haptic information can be semantic, for example in the 
case when it would be used as a language, haptic gestures signifying certain movements or certain 
postures. Haptic information can be direct when it is given in a natural way on the body, such as a direct 
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force enacted upon a body part that gives a hint as to where the user could move it in order to optimize the 
posture.  
 
4.1.2 amount of augmented information 
 
The amount of feedback given will probably need to differ for different types of users with different amounts 
of skill, at different times during use of the system. This aspect can be different for semantic and direct 
information, so in the framework these are separated. The amount of semantic information can be as little 
as minimal hints, such as verbal utterances like “yes” or “keep it up”. On the other extreme, they can be 
entire reports about the user’s performance with advice for the future. In terms of direct information, this 
can range from the most minimal signals such as taps or short vibrations, up to complex patterns denoting 
entire full body configurations. 
 
The amount of information can be described on a 5-point scale: 
 

0 No information is given 
1. A minimal signal is given, about 1 aspect of the performance, using one actuator. This signal has 

less than 5 possible states. 
2. A richer signal is given about 1 aspect of the performance, possibly using multiple actuators and 

modalities. This signal has more than 5 possible states. 
3. A rich signal is given about multiple aspects of the performance, using multiple modalities. 
4. A full range of information is provided about all aspects of the performance, possibly using 

multiple modalities. 
 
4.1.3 immediacy 
 
It might be beneficial to, at some point in the learning process, detach the feedback about the users’ 
actions from the time these actions were performed. This dimension obviously is only relevant for semantic 
information, as direct information is inherently immediate in time. An example of delayed information 
might be a voice giving several suggestions for improvement or motivational statements. This would also 
have to depend on the type of user and his intentions with the system. 
 
The immediacy dimension can be translated into a 5-point scale: 
 

0 Immediate information; as soon as a signal is sensed, feedback is given 
1. Short delay; feedback is given after a movement is completed; several seconds in between 
2. Moderate delay: a summary of results is given after a sequence of postures; several minutes in 

between 
3. Long delay; a summary of results is given after completing an entire session, 15 minutes to several 

hours in between 
4. Extremely long delay; a summary of results is given after completing several sessions; several 

days or weeks in between 
 
It should be noted that it is possible for the system to implement combinations of the above options, and 
that different feedback moments are linked to different types of information. 
 
4.1.4 co-locatedness 
 
Information is co-located if it is given at the point of the body that it is giving information about. For 
example, haptic communication could be given on the elbow in order to hint the user to pull it straighter, or 
combinations of haptic signals can be given on various parts of the body in order to signify a next posture 
the user could take on. Non-co-located information can still be direct, as the user can unconsciously learn 
to link sensory input from part of the body to behaviour in another part of the body.  
 
For the sake of simplicity, I regard co-locatedness as having two possible states: co-located and non-co-
located. 
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4.1.5 type 
 
This dimension describes the general nature of the information that is given. There are four different types 
of information that can be given: 
 

1 prescriptive; this is feedforward meant to instruct the user 
2 negative reinforcement; the system gives feedback when the user deviates from the desired 

behaviour 
3 positive reinforcement; the system gives feedback when the user does not deviate from the 

desired behaviour 
4 neutral; the system mirrors the user’s actions and directly translates them to feedback 

 
4.1.6 tolerance 
 
The tolerance of the system relates to the point where the feedback starts to change, when the user 
deviates from the optimum. For highly skilled, ‘hard-core’ users of the system who want to challenge 
themselves fully, the tolerance might have to be close to zero in order to keep them performing close to the 
optimum, whereas on the other end, for users who do not want to be challenged the tolerance might have 
to be extremely large so they experience the optimal level of challenge for them and they are motivated to 
engage with the system. Tolerance can be described with a 5-point scale: 
 

0 Intolerant. A minimal deviation in space or time leads to a significant change of feedback. In case 
of a guiding pattern, the user has to almost exactly follow it. 

1 Somewhat tolerant. Deviations from the guiding system have to be larger before feedback is given. 
In case of a guiding pattern, the user has to follow it well, either spatially or timing-wise. 

2 Moderately tolerant. Only as soon as the user loses track of a possible guiding pattern, the 
feedback changes significantly. 

3 Highly tolerant. The system changes feedback very slowly according to the user’s deviations. In 
case of a guiding pattern, the feedback will not change immediately when the user is out of sync 
or has lost track. This way, he can easily ‘pick up the pace’ even after a ‘failure’. 

4 Fully tolerant. The system does not change feedback at all as a result of the user’s deviations. 
 
4.1.7 adaptivity 
 
The adaptivity of the system describes the general relationship between how the system adapts to the 
user’s actions. In some cases, the user might want to be able to change the system’s parameters himself, 
such as how fast it adapts. In other cases, it might be better that the system continuously adapts itself ‘on 
the fly’ to the user’s behaviour. Another option is that the system has a predefined pattern that is not 
adaptable at all. 
 

0 Free; the system lets the user completely free and lets him determine the pace 
1 Adaptive pattern; the user and system ‘co-evolve’ in that the user will come to follow the pattern, 

and the pattern comes to follow the user, hence finding a balance. 
2 Somewhat adaptive pattern with the option to explicitly change it 
3 Predefined pattern with the option to explicitly change it 
4 Predefined pattern 

 
4.2 framework 
 
The design framework contains all the previous parameters, and offers the designer to sketch out the 
system in an abstract way. It defines the system’s behaviour separately for the cognitive, associative, and 
autonomous stage of skill acquisition. Also, it distinguishes behaviour for users who desire to use the 
system to fulfil different needs and wish to be challenged to different extents. The framework thus gives the 
designer the possibility to specify the system for different types of users in different stages of skill learning. 
The framework presented on the following page is an example to specify a system’s behaviour. 
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5 
initial design exploration 

a short design exploration was done to bring into light the general directions in which the project 
could evolve. This was loosely informed by theoretical research, and mostly based on an 
intuition derived from my experience with doing yoga. 
 
5.1 freestyle explorations 
 

 
 

An initial vision: a garment like a second skin, with sensors and actuators dispersed throughout the fabric, like an 
external muscular system 

 

 
 

Left: a suit integrating nitinol muscle wires or wires that heat up in order to indicate areas where the posture should be 
adapted, or where over time the most tension has occurred. Right: a shirt projects an animation into the space to make 

the practitioner more aware of his breath. 
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Rings can be placed in several places of the body, and operate autonomously by measuring acceleration and giving 
feedback when the movement is not fluent, or when tensions occur that need to be resolved. 

 

 
 

respiration sensing band worn under the clothes, which gives feedback either by audio or direct tactile feedback through 
contracting the band. The collar contains earphones and remains visible to communicate the brand. 

 

   
 

Left: facial jewellery detects skin conductivity on the forehead and gives haptic feedback about the user’s state of 
relaxation. Right: a soft rubber band around the foot that measures skin conductivity on the sole of the foot, and senses 
the flexion of the ankle. Feedback is provided through a vibration motor. Right: a small tactile display on the palm of the 

hand generates different patterns according to what is being sensed on various parts of the body. 
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a vest providing tactile feedback on the upper body and contains accelerometers in order to detect the location of body 
parts 
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Left: independently operating modular elements consist of a stretch sensing band and two rigid enclosures for a 
vibration motor and electronics on either end. Right: an upper body garment with inflatable components 

 

5.2 reflection 
 
This initial exploration has been brief and broad, exploring various directions in terms of form, functionality, 
and system behavior. Interesting ideas are mainly those that have the potential to seamlessly integrate 
technology, and at the same time the potential to give rise to the development of skill and experience of 
flow. Main design decisions with their options and implications of these options are explored next. 
 
5.2.1 sensory modalities 
 
The most interesting modalities seem to be that of visual, auditory, and haptic perception. I will leave 
gustatory and olfactory perception, i.e. taste and smell, out of the discussion for now, as there are little 
technological means to control the information going to these senses. 
 
Several studies have been done into the potential of feedback addressing different modalities during the 
learning of perceptual-motor skill. Feygin (2002), for instance, tried to make subjects learn to do a hand 
movement along a complex 3D curve, predefined in time and space. He researched the value of a training 
paradigm called ‘haptic guidance’ in comparison to learning with support of visual feedback. Haptic 
guidance suggests that people can acquire a kinesthetic understanding of a required movement by being 
guided physically through the ideal motion. It may be helpful in learning kinematically complex perceptual-
motor tasks, since it removes the need for complex sensorimotor transformations in directly having the 
learner experience the exact proprioceptive feedback that he or she would during a correct execution of the 
task (Feygin, 2002; Grindlay, 2006). 
 
Feygin (2002) found that haptic training dominates timing accuracy, whereas visual training dominates 
accuracy of shape and position. Visual perception was proven to add value to timing information too 
though, so even without haptic training it can help the learner obtain timing information (Ibid.).  
 
Grindlay (2006) experimented with two devices that supported subjects to acquire skills in musical 
percussion. He compared the value of haptic training with that of auditory training, and found that only 
when both methods were used simultaneously, a significant increase in skill acquisition occurred. Further, 
haptic guidance alone resulted in a greater timing error than in the training conditions where either only 
auditory, or both haptic and auditory feedback signals were given. The presence of audio information thus 
proves to be of value as well. 
 
Although the haptic guidance paradigm is an interesting approach to technologically mediated skill 
acquisition, its approach is different than the one needed in this project. The reason for this is that in yoga, 
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the ideal motion trajectory or pose cannot be imposed onto the subject from an external source, such as is 
the case in percussion, where sheet music must be followed. Instead, the ideal motion needs to emerge 
from the individual and its interaction with the environment and his own body. In yoga, it is more about 
controlling the body and mind within the constraints of the own physical body and environment, rather 
than having it conform to additional external constraints. As such, it seems to be more interesting to 
measure and give feedback about the dynamic qualities of the body itself, rather than about how it relates 
to an externally imposed, predefined pattern. 
 
For a yoga application, visual feedback has some inherent drawbacks. To present detailed information 
would require the user to take a focused stance towards the presented information. This may disrupt the 
yoga experience since often a pose requires the practitioner to look another way. More than that, visual 
information would likely require a device that is positioned in the environment, separate from the body. 
 
The general stance of yoga teachers towards haptic feedback is divided. A Kundalini teacher told me that it 
is forbidden for her to touch her students, as it might disrupt their own sphere of concentration and 
development. However, other 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). How physical adjustments by the yoga teacher are experienced depends heavily on the individual 
user and his emotional state, religious beliefs and personal history (Krucoff, 2007). These experiences can 
be comforting, but also violating and demoralizing (Ibid.). 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. Also, teachers must always ask for a student’s permission before asking them to be touched by the 
teacher (Krucoff, 2007). Anusara yoga’s approach in making physical adjustments is described by their 
three pillars of sensitivity, stability, and adjustment. A teacher first sensitizes by finding the own breath, to 
then listening to that of the student, and afterwards stabilizing herself and the student to make a “safe and 
supportive base” (Stover, 2008) Physical supports, ranging from soft to firm, are only given when verbal 
comments are not supportive enough. A student may also never get the impression that he needs to do 
things ‘properly’ or feels invaded or incomprehensive. Transparency is another aspect that seems crucial 
(Barrett, 2003); this ensures that all domineering thoughts, “amourous intentionism”, and judgment 
disappear. 
 
What can be concluded here is that while haptic feedback seems very interesting, it does not prove to be 
necessarily superior in skill learning. Nevertheless, it seems to be able to complement visual and auditory 
feedback and provide useful guidance. 
 
5.2.2 integration of technology 
 
Ideally, the electronics will be completely integrated with the garment, so the system could be designed as 
a garment instead of as an interactive product. This is probably not possible yet, as available actuators and 
electronics are still mostly rigid components. Inflatable elements will require large elements like air 
compressors, and this is likely to be detrimental to the yoga experience. The rigid components will have to 
be integrated onto a location that is the least touched or rested on. 
 
During yoga, a garment is likely to move around on the skin, so sensors that depend on contact with the 
skin are likely to produce a lot of unreliable and noise-filled data.  
 
5.2.3 flow experience 
 
During yoga, it is of the highest importance that the practitioner is distracted as little as possible, and 
ideally he would naturally be led to a flow experience, without ever being consciously aware that a 
technology is augmenting and supporting him. 
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Also, I think that to make for an experience that adds to the flow, consistency and predictability are 
important. Whenever the system does something that was not expected, this might interrupt the user. 
Furthermore, I feel that the system should reinforce feelings of flow, so whenever the person has a positive 
feeling, this could be reinforced by the system so a positive feedback loop is instantiated. 
 
Necessary explicit actions such as turning the device on and off, choosing different functionalities or 
changing the settings, could be physically integrated into the flow experience. The challenge would be to 
map bodily rich and flowing actions onto functionalities. One might think of poses that are specific to the 
control of the system and flow as much as possible flow with the experience one is having while doing 
yoga. These might be full body poses or poses done with only a limited amount of body parts, such as hand 
poses. 
 
5.2.4 designing for human morphological diversity 
 
There are multiple approaches to the design of a garment that fits various sizes and shapes of human 
bodies. One is to make a garment that is physically modifiable in order to have it change in size, such as by 
having several rows of buttons, or several zippers. A way to make it a unisex garment is by, firstly, making 
it socially acceptable for both sexes in terms of the look and feel of the product, and secondly, making it 
physically acceptable. For this latter requirement, it will be especially critical how the garment will feel 
around the breast area. An important deliberation then is to either make the garment look familiar enough 
to an existing garment archetype so it will look strange, or to make it deliberately unfamiliar in order to set 
a new archetypical garment. 
 
5.2.5 form language 
 
This will completely depend on the target market and what the promised benefits of the brand will be. It 
might vary from a highly technological, possibly even robot-like form language, to one that is very calm and 
soothing in look and feel. Embedding the system into one or more pieces of jewellery will imply different 
design challenges as a consequence than the ones garment design brings along. As jewellery is generally 
regarded as highly personal, it will have to exude more accurately the things or qualities the person 
identifies with, in order for him or her to accept the product to reside on his or her body. 
 
5.2.6 modularity 
 
The system can either be designed as consisting of multiple more or less autonomously operating products, 
or as integrated into one product. A modular system has the advantage of freedom, as the user can choose 
how many modules to wear and where to wear them. An interesting opportunity of a modular system then 
is that the behavior of the system might change according to how the sensors and actuators are placed 
onto the body. If this behavior would emerge from the configuration of the parts, the user would be 
encouraged to explore and find out, through active and physical exploration, his preferred way of using the 
system. A disadvantage of a modular system is that it might result in redundant components. Each module 
will probably need components such as batteries, which is more expensive, complex, and fragile than 
integrating it all into one component. 

 
5.3 design guidelines 
 

o the system should provide both auditory and haptic feedback 
o as the user becomes more proficient at yoga, haptic feedback should recede more and more into 

the background 
o the intentions of the system should always be open to access for the user 
o the system may never criticize the user 
o the system should give positive rather than negative feedback 
o the product must contain as little rigid elements as possible, and these must be as small as 

possible 
o the product may never interrupt the user’s flow experience 
o sensors should not depend on contact with the skin 
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o explicit input actions should be physically integrated into the asana practice 
o the product’s form should either conform to an existing archetype, or set a new strong archetype 
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6 
personas 

 
Based on the design framework, early ideas and three personas, this section presents a variety 
of product concepts, each targeted at a different market segment. 
 
6.1 personas 
 
In order to explore potential market segments, I developed three personas. A persona, according to Donald 
Norman (2004), is “an artificial person, invented for the purpose of helping a designer understand the 
people who will be using their product.” He argues that it is justified to create personas in an ad-hoc 
fashion, and that a designer’s personal experiences can create effective personas for design purposes. 
Personas according to Norman (2004), even when created in an ad-hoc fashion, are “wonderful tools for 
building understanding and empathy into the design process in a way that would be impossible with any 
other method.” I employ this method to quickly be able to step into the generation of the first design 
concepts, and in a subsequent iteration use a more elaborate method to fit the system to a specific market 
segment. 
 
For practical reasons, the approach is thus that of creating an abstract, artificial model-user, which 
according to Lene Nielsen (2002) can be fruitfully done by creating a ‘psychological narrative’ that 
describes the persona as a ‘rounded character’ rather than as a predictable stereotype. She proposes that, 
when designing by means of imagined future scenarios, the persona should create the story development 
rather than the other way around. Thereto, the persona should be non-predictable and have multiple traits 
as well as contradicting inner voices (Nielsen, 2002). Furthermore, explicit attention needs to be paid to the 
character’s psychological, physiological and sociological aspects, as well as his inner goals, interpersonal 
desires, and professional ambitions (Ibid.). Nielsen (2007) also advises that the persona description, 
although not explicitly mentioning it, must make clear aspects about the persona’s body and clothing, his 
psyche, background, emotions and attitudes as well as his personal traits. 
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Persona 1: Dan 
 
Another day full of meetings is ahead of Dan McAllister, who has just finished his 
morning bathroom rituals of 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 suddenly surrounds him. A text message from a 
business partner. The microwaved chicken is done. The printer he just sent a 
last-minute print job to has 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? 
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Persona 2: Toy 
 

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 will come home at all. 
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Persona 3: Barry 
 
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 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 ‘Space Invaders’ print on it 
that he recently ordered from an online shop. 
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6.2 user needs 
 
Intuitively evaluating the personas in terms of their needs, we can make the following summary. 
 
Dan is conscious of his need for stress relief and relaxation. He has little time and is highly mobile, so a 
solution for him should not have him depend on a specific duration of use, time, and place. Also he would 
like the system not in any way to remind him of all the gadgetry that surrounds him in his everyday life. In 
yoga, he would have to start from the earliest cognitive stage, although he will probably learn pretty quickly 
both cognitively and perceptual-motor-wise. Something that might in the end happen is that Dan starts to 
ponder about what he and his companies are doing, and becomes a full yoga practitioner to seek deeper 
realizations about this. For Dan, the system should support him throughout the entire skill learning process, 
so it can become a personal product he might never stop using. 
 
Toy is also conscious of her need for stress relief, but her stress is caused by negative emotional reactions to 
the people around her rather than by a feeling of being rushed by information. She feels a need to be 
accepted by the people around her, and if anything, she would appreciate a human, comforting touch to the 
system. Toy would also have to start from the cognitive level of skill learning, and could come to face some 
physical and mental obstacles. For Toy, it is most important that she develops a positive outlook on life so 
that she can find a way to positively interact with her children again, so that she will be treated by them in 
a loving way. When this happens, the system will have fulfilled its goal for Toy. It is of foremost importance 
that the system gives Toy some discipline and motivation to do exercises in a positive and calming way, 
and the skill acquisition is not very important to her. For Toy, the system will have to have less of a 
cognitive basis for the yoga exercises, and should mainly help her do the exercises while providing 
feedback that is motivating and comforting, rather than optimizing. 
 
Barry needs something that helps him to get his body back into shape, while not necessarily pulling him to 
get out of his virtual world. He likes objects that aesthetically fit his virtual identity of the tough and perfect 
killer. Barry will require the most physical support from the system, although he does have an 
extraordinarily high capacity for cognitive skill learning. His posture needs the most drastic improvement as 
it is already gravely putting his health at a risk. The main short-term goal for Barry is to learn a way to 
interact with his computers in a way that burdens his health the least amount possible. Later on, the 
system could motivate him to step away from the computer and adopt a more physical lifestyle. 
 

6.3 design guidelines 
 
To meet the needs of the three personas as sketched above, the following guidelines were derived: 
 

o The user must be free to use the device for the duration he likes. 
o The system must offer some cognitive support e.g. showing postures visually, so the user can 

recall them. It is desired that this feedback does not draw attention or require physical adjustment 
of the body in any way. 

o The system must help the user maintain balance and control during performance of the exercise. 
This feedback should reinforce the flow of the yoga experience. 

o The user must be able to choose the exercises that he likes to do at any moment, rather than 
having a fixed sequence. 

o The system should be mobile so exercises can be done in various places. 
o The system should be child-proof, i.e. resist physical forces such as pulling. 
o The system should be as cheap as possible, the costs not being higher than roughly 100 euro. 
o A customizable look is desired so the form language can vary for example from soothing and soft 

to technological and hard. 
o The system should offer a possibility to do exercises while interacting with a desktop computer. 
o It is wished that the system can take the yoga practitioner all the way from the cognitive to the 

autonomous stage of skill acquisition, i.e. that the movements become automatic without focused 
attention being required any longer. 

o The system’s general character must be one of tolerance, with an appropriate intensity of 
guidance. 
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7 
concepts 

 
Based on the design framework, early ideas and three personas, this section presents a variety  
 
7.1 flowjacket 

 
 
concept proposal 
 
The “flowjacket” concept was mainly inspired by the needs of persona Dan. The proposal is to offer stress 
relieving feedback on breath and movement to people who feel overwhelmed in general, while stimulating 
them to practice yoga on a regular basis and develop this practice further, without being fixed to specific 
times and places as they would be when practicing with a yoga teacher.  
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materialization 
 
A vest provides vibrotactile feedback about the synchronization between breath and body movement, 
which is important in yoga to generate an experience of oneness and flow. This entails a feeling of 
increasingly reduced focused attention, and the forgetting of everything that’s on your mind as to make 
way for an all-encompassing, holistic experience. The vest can be used anywhere, and it is completely up 
to the user what kind of exercises he does at what place. 
 

 
 

This graph shows how the user of the system is intended to be brought toward an experience of flow. The blue curve 
represents the system’s sinusoid feedback signal, of which the amplitude increases as the synchrony between the 

respiration and body motion sensor signal increases. 
 
interaction 
 
The interaction is best explained by the metaphor of sitting on a swing. In that situation, your movement 
has to be timed exactly right for the swing to reach higher and higher, in the end making for a possible 
experience of flow. Similar to this interaction, the vibration motors in the vest are positioned horizontally 
around the belly and lower back, and give a signal in a sinusoidal fashion like a swinging pendulum. The 
frequency of this pendulum automatically synchronizes itself with the user’s breath, while the bodily 
movements of the user influence the intensity and amplitude of the vibration signals. When timed correctly, 
the user’s movements can make the motors vibrate stronger and stronger, in the end resulting in an intense 
feeling where the signals move all around the belly in one direction, similar to a hula-hoop. 
 

 
 

schematic overview of the system 

 
technology 
 
To detect body movement, the vest incorporates three embroidered conductive yarns that change 
resistance when stretched. These yarns run along the back and arms, so movements like the bending of the 
elbow, shoulder and back, and twists of the trunk are sensed. Breath detection is done through a fabric 
stretch sensor at the abdomen. A microcontroller is embedded in a casing on the inside of the vest at the 
lower back. This casing also contains additional analog circuitry such as filters and operational amplifiers, 
as well as a battery. An array of six vibration motors is positioned around the belly and lower back. 
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target market 
 
The lead users for this system are successful, self-actualized cosmopolitan people from 25 to 45 years of age 
who live hectic lives, such as celebrities and people high up in business hierarchies. These people can 
easily spiral into a physically and mentally unbalanced life, driven by ambitions that after a while can turn 
out not to be as promising as expected and can result in a lot of stress. They feel overwhelmed by the 
struggle to combine a rich social life, a busy professional life, and the felt need to live as healthy as 
possible. Often they are attracted by Eastern health practices, but lack proper guidance or discipline to fully 
incorporate these into their lives. In buying new products, this market appreciates cutting edge novelty in 
functionality, high profile design, environmentally friendly materials, and simplicity in use.  Often they have 
somebody else buy products for them, or they order them from the internet. 
 

 
this concept allows for practicing a wide range of asanas, since there are few bulky components that disrupt the 

experience 
 
yoga potential 
 
Because this product does not incorporate visual or auditory feedback but merely an abstract haptic signal, 
the meaning of the feedback is ambiguous. This makes that this product does not have much potential for 
the cognitive stage of skill acquisition and as such would not be interesting for people who are not willing 
to learn and memorize exercises by themselves. Abstaining from cognitive feedback does give the system 
an advantage of freedom, as it is entirely up to the user how he does his exercises and where he does them. 
Furthermore, by integrating the sensors into the fabric, the amount of rigid components is minimized, so 
the system will not be too intrusive to perform highly complex asanas. 
 
design 
 
the vest comes in a male and a female version, and has an informal cosmopolitan look so it looks in place at 
offices, at home, and on the streets. The vest has a monochrome color scheme and finely crafted details 
such as a special snap fastener used to secure the respiration band at any preferred tightness, without 
loose ends staying visible. Carefully chosen materials such as organic threads, plastics and fabrics make 
the garment environmentally friendly. Putting on the vest is done by first plugging in the electronics 
enclosure and closing the pocket it rests in, then closing the main zipper on the front of the vest and finally 
tightening the respiration band. Because the electronics enclosure is separated from the garment, 
manufacturing can be split up between a factory working for the fashion industry that would produce the 
garment and belt with integrated conductive yarn strain sensors, and another factory working for the 
electronics industry that would produce the belt and the enclosure containing the electronics. Having the 
belt separated from the garment adds an advantage of customizability, as different colors can be matched. 
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7.2 wiiFlow 
 

 
 
concept proposal 
 
WiiFlow was inspired by persona Toy. It provides people a way to redress mental and physical balances in 
a light and entertaining way by engaging them in a combination of a somewhat simplistic but effective 
variant of yoga and of a game environment where the user gets motivated by a point reward system. 
 
materialization 
 
A bellyband will be developed as an additional input device for the Nintendo Wii, a gaming platform that 
emphasizes bodily movement during gameplay. The unique feature of this band is the generation of haptic 
vibration patterns on the user’s belly, which allows for rich, direct and intimate biofeedback that overcomes 
inherent drawbacks of the visual and auditory modality. The band further incorporates a mechanism on the 
side of the abdomen that involves a sliding mechanism and force sensor in order to enable the detection of 
respiration frequency. All the electronic components are embedded in a casing with a rubber skin which is 
to be worn on the belly, while a separate belt can be interchanged for belts of a different size. An additional 
feature is a wristband in which one can comfortably carry the wiiMote controller during yoga practice. 

 
 

This graph shows how the user of the system is intended to be brought toward an experience of flow. The blue curve 
represents the system’s pre-programmed guide signal, that is also visible on the screen. The vibrations lose intensity as 

the synchrony between breath, motion and the guide signal increases. 
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interaction 
 
The wiiFlow system acts as a biofeedback tool for two variables: synchrony of breath with a rhythm as 
given by the virtual yoga trainer, and synchrony of movement with breath. The accelerometer on the 
wiiMote measures movement and feeds back deviations from the goal rhythm through its built-in 
vibrotactile actuator. This signal directly provides the goal rhythm in a sinusoidal fashion, its amplitude 
being proportional to both the cumulative amount of deviation over time as well as to immediate 
deviations. 
 

 
 

schematic overview of the technology 

 
technology 
 
To detect body movement, the system uses solely the accelerometer embedded in the wiiMote. The force 
sensor used is a force sensitive resistor that is pressed upon through a piece of rubber foam, thus allowing 
for sufficient stretching of the bellyband and precise measurements. Four pancake vibration motors are 
built into the casing on the bellyband. For connecting to the Nintendo Wii, Bluetooth wireless 
communication technology is used. 

 
this concept allows for practicing the basic asanas 

 
yoga potential 
 
The wiiFit system in combination with wiiFlow provides all that is needed to start practicing yoga. It is 
easy, complete and instant, and will be able to reach many people because of the low threshold to start to 
use this system. This comes at the cost of a main limitation, namely the physical restrictiveness. Wearing 
bulky components and being bound to standing in front of a television limits the range of asanas that can 
be performed, and the times at which one can practice yoga. The main advantage over the current WiiFit 
yoga system is that with wiiFlow and accompanying software, flow can be experienced for an extended 
amount of time, because the practitioner does not necessarily have to look at the screen for feedback and 
sessions can be as long as the user wants. 
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target market 
 
The lead users for this system are parents from 25 to 45 years of age who struggle with minimal resources, 
and live in a daily social environment that they feel burdened by. These people value the status they have 
within their usually large group of friends, and take pleasure in showing these friends newly acquired 
products. They enjoy sensory pleasures and fun experiences together with others, whenever these are 
possible. This market is only moderately open to changing their lifestyle, as they are always careful about 
other’s opinions about their behavior, and see their habits as part of their identity towards others. This 
market generally likes to shop in stores, and is sensitive to price. In products, they like an expressive visual 
appearance, the possibility to use them together with their friends, and a straightforward functionality 
without many features, so they do not need to learn about the product before using it. 
 
design 
 
The design is simple and functional, following the design language of other Nintendo Wii products. The 
sensors are not integrated into the textile band for several reasons. People using the Wii vary greatly in 
belly circumference, so the amount of spacing between the vibrotactile motors embedded in the textile 
would have to be variable, and adjusted each time the size of the belt is adjusted. Instead, the proposed 
design offers users to buy belts of several sizes and of several colors.  Further, embedding all electronics in 
one casing makes the design more robust and child-proof, plus the casing gives the design a typical sharp 
and ‘product-like’ character, similar to the other Wii products. A strong visual element is that when the 
bellyband is stretched, a part that is intensely colored becomes more visible. Also, the vibration of the 
motors is represented visually on the belt by a bright LED, so potential onlookers can get a visual hint of the 
wiiFlow user experience. 
 

7.3 spineshirt 
 

 
 
concept proposal 
 
A simple and low-cost way to improve your health that you can take everywhere. Improving your health is 
done by getting you to keep your spine straight, which according to the yogic teachings, works for 
everybody. 
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materialization 
 
A t-shirt provides haptic feedback on the skin along the spine in order to keep the user aware of the 
bending 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. 

 

 
 

feedback complements the curvature of the spine either in a calm way, or in an immediate, active way 

 
interaction 
 
Vibration signals along the spine give feedback about the curvature of the spine. The system has two 
modes: a calm mode, in which the system gradually starts to give feedback when the spine curvature has 
been declining over time, and an active mode, in which the system reacts immediately to shifts in spine 
curvature. The calm mode would be suitable to use while using a desktop pc, hence creating an external 
self-monitor that occasionally draws you out of the activity you are engaged in. The active mode can be 
used for example while doing yoga, and help to make even the tiniest improvements and acquire optimal 
control over the spine in various body postures. 

 
 

schematic overview of the technology 
 
technology 
 
Low-cost pancake vibration motors with a small form factor are embedded in a rubber strip that is bonded 
to the shirt’s fabric. This strip also contains an optical bending sensor that comprises an LED shining 
through modified plastic optical fibers onto a light dependent resistor (LDR). This construction makes that 
as the amount of bend increases, less light falls on the LDR. A relatively simple analog circuit is assembled 
inside a small casing in the back of the shirt. Batteries needed are two standard AA batteries, which are 
not included with the product. 
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target market 
 
A market specifically targeted are gamers, especially those spending a significant amount of their time in 
virtual environments like Second Life and massive multiplayer online role playing games (MMORPG’s). In 
general, this target market lives a social life largely detached from their local physical environment, and 
uses digital means for self-expression. They do not follow trends of mainstream culture, and often have 
their own very specific wishes when it comes to the aesthetics of the products they use, and the clothes 
they wear. They are often not very open to change, and highly value to be in control of their own world. 
 
yoga potential 
 
Because of the simplicity of this biofeedback system and the almost invisible integration of electronics, the 
shirt is wearable in almost any activity, including all forms of yoga. This feedback comes at the cost of 
richness, as when it comes to reaching the experience of flow, this system gives no feedback at all. 
 
design 
 
The shirt will be available in various sizes and models, such as tight fits, loose fits, V-necks, long-sleeves, 
and turtlenecks. Various colors and materials are available, and can be customized according to the 
demands of local markets. The special feature of the shirt is the strip that runs along the back, which is 
emphasizes by a distinct color, as well as a graphical element embossed into it. The shirt is available in an 
online shop where people can also send in designs for new versions of the shirt. 

 

8 
business strategy 

 
This section explains a choice of the target market for the Flowtime system, a comparison of the 
system with competitive systems, as well as a general business strategy the innovation should 
be based on. 
 
8.1 market selection 
 
I will focus on the health e-gaming market, which is, according to Donner et al., is “a new and rapidly 
expanding market segment of video gaming that incorporates elements of three markets: casual games, 
serious games, and exergames.” 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 (Donner, Goldstein, and Loughran, 2009). The global market for 
health e-games is estimated to be worth 6.6 billion USD (Ibid.). The health e-games market is composed of 
five categories: exergames, brain fitness, condition management, healthy eating, and professional training 
(Ibid.). Exergames are games that require physical activity, such as Nintendo’s Wii Fit. The Flowtime 
system is best suited to be positioned in this exergaming market, which has an annual global revenue of 
6.4 billion USD (Ibid.). 
 
Also the yoga market is growing, with a number of 15.8 million practitioners in the USA spending 5.7 
billion USD on products supporting yoga practice in 2007 [10]. These numbers show that there is a 
considerable opportunity in combining gaming and yoga. 
 
In selecting market segments to aim the innovation at, 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. The reason for this choice is that my development concerns a 
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specialized product with a specific functionality, rather than for example a specialization towards fulfilling 
multiple needs of one user group.  Furthermore, focusing on a single segment would contain more risks, 
such as changes in buying patterns, or new competitive products taking over the segment (Kotler, 2000).  
 

 
 

Left: the Nintendo Wii console and ‘wiiMote’ handheld controller that incorporates an accelerometer and vibrotactile 
feedback. Right: the Nintendo Wii Fit yoga application, which involves a balance board that senses how well balanced 

the user is resting on the device. 
 
8.2 product positioning 
 
The product to be developed will be positioned as an input device for the Nintendo Wii. The reason is that 
this is the most popular platform nowadays for exergaming, the system being responsible for 5.6 million 
USD of the 6.4 million USD total revenue of the exergaming market. More than that, the Wii Fit system has 
made for a total revenue of 622 million USD. This makes the total share of Nintendo in the exergaming 
market 98 %, a number that is only expected to rise (Donner et al., 2009). 
 
By introducing the system as a peripheral to the gaming platform that people are already using, this 
platform can take over functions that otherwise would have to be integrated into the device itself. What all 
gaming platforms have in common is the reliance on the visual and auditory senses, and offer the 
opportunity to employ these in the design of the Flowtime system. There are some systems that give force 
feedback, but these are not common yet across platforms. 
 
The role of the existing platform will be to address the earliest, cognitive stage of perceptual-motor skill 
acquisition in providing visual and possibly auditory information about the postures to take on. Also, the 
existing platform can provide on-screen information about yoga. In the next stage of skill acquisition, more 
focus will come to be put on direct feedback on the body. 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). Therefore, I have chosen for the haptic modality to be addressed in giving direct 
feedback about the body’s movements, and to be incorporated into a product that can be used while using 
the gaming platform. 
 
An additional requirement is that the system can be used while seated and being involved in other 
activities. Another important additional requirement is that the system should allow to be used without 
being coupled to an external device. This will not be possible during the first stages of skill learning, as the 
device in itself does not provide cognitive information. However, it could be used separately if the user 
memorizes a number of postures, and the system can for example put itself in ‘portable mode’, where the 
feedback becomes more flexible and independent of visual and auditory feedback. This does require the 
user to memorize some exercises and start from the associative level of skill acquisition, to then have the 
user perfect the memorized movement sequences.  
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Left: RESPeRATE system containing headphones, a breath sensing band, and feedback device. Centre: Adidas Fusion 

garments with integrated respiration sensing system. Right: Adidas miCoach biofeedback system for runners. 
 

8.3 competitive advantages 
 
The stand-alone aspect of the system will be a main competitive advantage over systems like Nintendo’s 
Wii Fit [7]. The unique functional benefit over other wearable biofeedback systems is that this system has 
the wearer exercise his entire body and attain a state of flow, whereas other systems are mainly 
communicated as a way to relax [8], relieve stress [9], or to monitor physiological parameters (Alpert, 2005). 
 
Other competitive products are those aimed at improving performance in exercise and sports, such as the 
miCoach system [1], developed by Adidas and Samsung. This system collects data while people are 
running, and uses this data to individually coach the user through a software program on a desktop pc. The 
main difference of the Flowtime system in comparison to these systems is that Flowtime will not so much 
be a system for performance, but as a way to improve the quality of life through the flow experience. The 
user is not invited to transgress his limits, but rather to find balance in a lighter, accepting way. The 
system’s main benefit is that it should communicate that it is all about you as a person, and being in the 
moment, not about a goal you have to accomplish. And because Flowtime can be used to some extent in 
any location, the user does not need to plan extra time just to use the system. These differences make the 
Flowtime more accessible and casual. 
 

 
brand values of the Flowtime system 
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8.4 business strategy 
 
Because the product is positioned as an input device for the Nintendo Wii, the innovation will also be 
driven by Nintendo’s business strategy. Internally at Nintendo, this strategy is called “productive 
entertainment”, circling around an experience that is “fun, family oriented, socially connecting and delivers 
a benefit.” (Donner, Goldstein, and Loughran, 2009). Flowtime should be associated with casualness rather 
than performance or optimization, though it should implicitly motivate people to develop themselves in 
their own way. Through combining fun with purpose, Flowtime addresses the general consumer need to 
organize life less around consumption and achievement but more around learning and good health 
achieved in an environment of entertainment and involvement. Flowtime should offer the possibility to 
develop a significant level of skill in yoga, while also offering elements of play and social involvement. As a 
brand, it should communicate physical skill development, balance, casual and accessible entertainment, 
and a possibility to take part in a community. 
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9 
technological explorations 

 
For yoga practice, it is important that the implemented technologies will not disrupt the user. 
This presents a significant challenge, as wearable electronics often involve either a skin-tight 
garment or rigid components separated from the garment structure itself. In this section, I work 
towards a choice for the wearable sensing, signal processing, and actuating technologies that 
are to be implemented. Thereto, I have tested and implemented several sensors and actuators 
into an interactive prototype that can be used in initial user tests. 
 

9.1 system outline 
 
The goal of the biofeedback system is to have the user reach a state of flow, which I want to attempt to do 
by optimizing the synchrony between the breath muscles and movement of other muscles. Therefore, 
sensors that can measure respiration and muscle activity or body motions are required. Also, spine 
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curvature seems to be an interesting physiological parameter, so research needs to be done to assess the 
feasibility of implementing a sensor to sense the curvature of the spine too.  
 
Information about the synchrony between the data of various sensors then needs to be fed back to the yoga 
practitioner in a way that does not disrupt the experience and is easily understandable, so he learns to 
optimize this variable. A computing device will be needed to code the sensor data into a representation, 
and a medium such as conductive yarn will be needed to transmit data between the components. For 
feeding back the data to the user, haptic actuators will be used, and research has to point out which 
actuators are the best suited for the Flowtime system. 

 

9.2 sensing strategy 
 
The general strategy is to place sensors on various parts of the body in order to capture as much as possible 
and as accurate as possible data, using a minimal amount of sensors. For this project I discard remote 
sensing technologies such as computer vision, Doppler radar, or embedding sensors in the environment, 
because these would impede the wearability of the system. 
 
Lucy Dunne (2007) explains two paradigms for placing sensors on the body. One is to create a ‘second skin’ 
and digitally mimic the human body. This approach optimizes sensor performance and minimizes noise, 
but can lead to a reduced comfort for the wearer. This can impact acceptance of the system, as well as the 
user’s cognitive performance (Dunne, 2007). The other paradigm Dunne proposes relies on the idea that the 
wearer’s bodily parameters can be deduced from sensors that detect and model the forces experienced by 
the garment (Ibid.). This strategy is minimally invasive, and allows for electronic garments that are not 
skin-tight. 
 
For yoga practice, a balance will need to be found between the richness and accuracy of sensing data, and 
the physical comfort. In general, yoga practitioners are advised to wear loose fitting clothing, so a skin-tight 
garment might impede user acceptance and if skin-tight elements are used. Also social acceptance should 
be taken into account, as people might feel uncomfortable wearing skin-tight garments that emphasize the 
shape of their body. Therefore, the amount and size of skin-tight elements will have to be minimized, and 
their position strategically chosen so as not to lower the physical comfort to an unacceptable extent. 
 
Another issue is that it might be fruitful to try to use the same sensor technology for detecting all the 
required physiological parameters. Whereas different sensor technologies will be optimal for detecting 
different parameters, it might be wished to implement one sensor technology in various ways, for the sake 
of overall coherence and simplicity in manufacture, aesthetics, and software design. 



 58 

 



 59 

9.3 respiration sensing 
 
9.3.1 respiration sensing methods 
 
The most common method to sense respiration is plethysmography, which involves a measurement of the 
circumference of either the chest or the belly. Sensors for plethysmography include conductive wires, 
capacitive parallel plate sensors, strain gages, electrodes, and optical sensors.  
 
Pulse oximetry is another way to monitor respiration on the body. Here, the amount of oxygen in the blood, 
which is directly related to respiration, can be measured by sending an infrared pulse into an area of the 
body with veins close to the surface of the skin, such as the earlobes or the fingertips. This method, 
however, requires too sophisticated spectrum analysis signal processing techniques to be practical for this 
project. Moreover, the sensor requires the user to keep still, which is inherently unfeasible during yoga 
practice. 
 
9.3.2 plethysmography sensors 
 
The LifeShirt (Alpert, 2005) uses conductive wires to accurately sense respiration. These wires are 
embedded into a garment, and produce a magnetic field through self-induction, dependent on the cross 
section of the wiring circuit. This method is not well documented however, and seems to be hard and 
expensive to manufacture. 
 
Kang (2006) presents an area-variable parallel plate capacitor, each plate being connected to a flexible, 
non-stretchable nonwoven. This non-stretchable nonwoven is then laterally connected to a 
onedimensionally stretchable nonwoven. As a result, when the fabric is stretched, the two capacitive plates 
move in opposite directions so their overlap and thus the capacitance of the sensor system as a whole 
changes. This is a well integrated, low-cost and aesthetically interesting sensor, especially when 
connected with conductive yarn instead of electrodes. 
 
Witt et al. (2007) present their results of an optical respiratory OTDR (Optical Time Domain Reflectometry) 
sensor. This is an optical fiber, integrated into a band around the belly in sinusoidal fashion. On stretching, 
the amount of light that travels through the fiber from one side to the other changes according to the 
circumference of the band. This is because the light scatters out of the fiber past a certain bending angle. 
This sensor seems to be too complex to produce, and well fit only for a specific context, namely an MRI 
scanning environment, where a sensor needs to be unaffected by magnetic waves. 
 
Thoracic impedance plethysmography is a very reliable method to sense respiration. This technique 
requires electrodes to be placed on each side of the thorax, so the changing electrical impedance of the 
chest cavity can be measured while the wearer is breathing. These electrodes can be intarsia knitted into a 
garment (Paradiso, Loriga, and Taccini, 2005), and their connection to the skin can be improved by 
implementing a hydrogel membrane (Pacelli, Loriga, Taccini, and Paradiso, 2007). 
 
Strain gages are generally less accurate than electrode measurements but do not necessarily require a skin-
tight garment, but only an elastic band to be worn around the belly. The entire band, or a small part of it, 
can then be sensor material. One method to produce such a strain gage is by coating stretch fabric such as 
Lycra with a conductive polymer such as polypyrrole (Jones, Deo, and Lockyer, 2006). This material will 
then change resistance on stretch. Instead of polypyrrole, a thermoplastic elastomer mixed with conductive 
carbon powder can be used. These elastomers can be referred to as carbon loaded rubber (CLR), carbon 
filled rubber (CFR), or conductive polymer composite (CPC). CFR’s can be applied to fabric by smearing it 
on through an adhesive mask. Pacelli et al. (2007) report that it is also possible to silkscreen print 
conductive silicone onto fabric. 
 
Piezoresistive strain sensors may also be knitted into the fabric using conductive wire, such as in the 
MyHeart project (Pacelli et al., 2007) and the Respibelt (Catrysse, Puers, Hertleer, Van Langenhove, Van 
Egmond, and Matthys, 2004), that employs a knitted structure changing both inductance and resistance on 
stretch. A similar approach that also makes use of the garment structure itself is to sew pieces of 
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stretchable conductive fabric into a garment. These pieces of textile can be layered in between neoprene 
rubber, and connected to conductive wire that leads to a microprocessor.  
 
Another possibility to create a strain sensor is by using conductive yarn as the resistive material and 
leadwire to the sensor at the same time. Strazdiene et al. (2007) present a sensor of chain looped conductive 
yarn, which is fused between two layers of elastic tape, using an adhesive film. An initial test with chained 
conductive yarn showed that a 50 mm piece of this material changed 1.5 Ohm in resistance over a stretch 
from 55 to 65 mm. After explorations into some other ways to chain conductive yarn into a fabric, I found 
some possibilities, such as using thinner yarn from Bekinox, that would increase the changed resistance 
about 100 Ohms over a full stretch. This seemed promising, although the structure as created by Strazdiene 
et al. still requires quite a lot of manual labor. It would make a sensor easier to manufacture if you could 
incorporate the conductive yarn into the textile with a sewing machine. This has the aesthetical advantage 
that the sensor can be well integrated into the garment, and does not need to remain hidden. Another 
advantage of this is that the sensor can be manufactured into the garment by the people manufacturing the 
garment, so no other parties are needed to create the sensors and attach them to the fabric. A 
manufacturing challenge to this approach is processing conductive thread and stretch fabric with a sewing 
machine. 
 
The last noteworthy sensor is a conductive foam sensor, which is coated with polypyrrole and changes 
resistance when compressed (Dunne, Brady, Tynan, Lau, Smyth, Diamond, and O’Hare, 2006). These 
sensors have an unreliable accuracy, but are inexpensive, durable and washable. Moreover, they do not 
compromise but can even add to physical comfort for the reasons that they are soft, and that they make it 
possible to wear a loose fitting garment. This is because when the fabric bends, the three-dimensional 
structure in the foam generates a compressive force that can be measured resistively (Ibid.). A piece of 65 x 
30 x 5 mm changed from 150 to 40 kiloOhms when bending it into a U shape, although non-linearity and 
hysteresis effects seemed very large. Dunne (2007) used conductive foam to detect respiration by 
incorporating it between two non-stretchable fabrics which worked without the garment having to be 
extremely tightly fitting. This sensor seems interesting for yoga especially because of the physical comfort, 
but the low reliability may turn out to be a crucial disadvantage. More tests need to be done in order to 
improve the reliability. 
 
9.3.3 explorations with a conductive yarn strain sensor 
 
An exploration resulted in a conductive yarn stretch sensor, zigzag stitched into an elastic band in a U-
shape, so the ends of the stitch are located only about a centimeter apart, while the entire stitch measures 
34 centimeters. It appeared that a zigzag stitch with a length of a half millimeter per stitch and width of 5 
millimeters had an optimal performance in terms of the difference in resistance, response time, and ease of 
production. This stitch works because when not stretched, the sides of the yarn are pressed against each 
other. When stretched, the yarns are pulled away from each other so the current can flow more and more 
only along the length of the yarn, and less from the contact that the sides make. The optimal length of each 
stitch would depend on the width of the yarn used. Ideally, the sides would make full contact when the 
material is unstretched, whereas they would be entirely separated when the material gets fully stretched. 

 

 
 

strain sensor using conductive yarn 
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In analyzing the sensor’s behavior under stretch, it appeared that it reacted quite linearly and that 
hysteresis effects are minimal. Hysteresis effects mean 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. When moisted or soaked with water, the behavior of the sensor did not 
change much, apart from a general decrease in resistance by about 50 Ohms from dry to soaked. To 
simulate the behavior of the sensor when perfused by perspiration, I soaked it in different solutions of table 
salt (NaCl). The conductivity of moderately conductive sweat was attained with a NaCl solution of 3 g/L. 
This results in a conductivity of 5.690 umhos/cm, which nears the mean value of 5.560 umhos/cm that Licht 
(1957) found in his control group used to study the conductivity of sweat in people with cystic fibrosis. He 
found that people with CF had a mean sweat conductivity of 16.150 umhos/cm, and I simulated this with a 
NaCl solution of 10 g/L, which results in a conductivity of 17.600 umhos/cm. 

 

 
 
Sweat appears to significantly affect the sensor’s behavior. Firstly, it decreases the general resistance of the 
sensor, because the entire sensor gets pervaded by sweat, so current can flow directly through the 
substrate instead of through just the conductive thread. Secondly, it increases hysteresis effects 
significantly. When the sensor gets stretched, sweat evaporates from the sensor more quickly, so when 
stretched the resistance keeps increasing. Also, when the sensor shortens again, its resistance keeps 
decreasing for a while because the fabric becomes gradually more soaked again, like a sponge that gets 
squeezed. Now when the sensor gets stretched again, the resistance is lower than the previous time it was 
stretched. This explains the drop in resistance at the end of the curve for the most conductive solution. In 
conclusion, when immersed in sweat, all kinds of factors can disturb the linear and robust behavior of the 
sensor. 
 
To minimize these effects, an obvious strategy is to try to isolate the sensor system from the rest of the 
garment. This, however, compromises the inherent quality of the sensing strategy, namely to integrate a 
sensor completely into a garment, and into the manufacturing process of garment making. This 
compromise could make other sensor technologies, such as conductive elastomer paste or conductive foam, 
more interesting. Another strategy is to minimize the amount of sweat that reaches the sensor, for example 
by placing it on the outside of the garment and using absorbent material underneath the sensor, or by 
making sure the sweat evaporates before it reaches the sensor. A more straightforward approach is to avoid 
placing the sensor on areas of the body that produce a lot of sweat. 

 
9.4 movement sensing 
 
9.4.1 movement sensors 
 
Accelerometers are commonly used to accurately detect movements and are widely available. For the 
Flowtime system, the dynamic qualities of the human body are needed rather than the exact locations of 
body parts, so accelerometers seem interesting. A disadvantage of accelerometers is that they are hard to 
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integrate into fabric, because they are rigid components that require to be mounted on a rigid printed 
circuit board. Another disadvantage is their relatively high cost. 
 
Also CLR (carbon loaded rubber) sensors seem interesting, and are already used for motion capture (De 
Rossi, Carpi, Lorussi, Mazzoldi, Paradiso, Pasquale Scilingo, and Tognetti, 2003) as well as for the 
recognition of gesture (Bartalesi, Lorussi, Tesconi, Tognetti, Zupone, and De Rossi, 2005)  and posture 
(Mattmann, Amft, Harms, and Troster, 2007). By strategically applying various strips of CLR over joints, 
their angle can be measured over multiple axes.  
 
Conductive fiber strain sensors have been successfully implemented in garments that derive body motion 
from joint angles by Gibbs et al. For this, the garments have multiple strands of fiber running through the 
fabric over human joints. These sensors produce some noise effects, but in general are fairly reliable and 
linear. 
 
Another low-cost method to create bend sensors by using conductive yarn is to sandwich a strip made of 
Velostat, a conductive polymer, between two fabric strips through which conductive yarn is hand-stitched 
in a zigzag fashion [20]. Finally, the sensor is enclosed between two layers of neoprene. By changing the 
amount of stitches, the sensor can be made more or less accurate. This seems to be a workable approach, 
and may not necessarily require a skin-tight garment. 
 
As explained to me by Michel Peeters, a lecturer on wearables, a way to construct a stretch sensor using 
conductive fabric is to layer it together with elastic band and connect it at the ends to electronic wire by 
means of lamination between two layers of TPU (thermoplastic urethane). 
 
Dunne (2007) explored using conductive foam sensors for movement detection, and came to conclude that 
these are too inaccurate to detect human body movements beyond mere binary event detection. In other 
words, they are only usable as a wearable switch such as to detect when the arm flexes beyond a certain 
angle. This is insufficient for the subtle movement dynamics that need to be sensed in the Flowtime 
system. 
 
A fabric capacitive sensor might be a viable alternative. Meyer et al. (2006) describe a way to create such a 
sensor by separating two layers of conductive fabric with a spacer fabric. One layer acts as the common 
electrode, while the other layer can be an array of smaller pieces of conductive fabric. This way, the unit 
can act as a pressure sensor array. The range and resolution of this sensor depends on the compressibility 
and thickness of the spacer (Meyer, Lukowicz, and Troster, 2006). It may be possible to use this sensor as a 
way to sense movements and respiration by installing it between two layers of non-stretchable material, so 
as to cause the opposite electrodes to be pressed together on the bending of this material. 

 

9.5 actuators 
 
9.5.1 intended experience 
 
In the Flowjacket and wiiFlow concepts, the internal representation of the system that will be fed back to 
the user is a pendulum. It is thus important that the actuators can give the user the impression that a 
pendulum is swinging, and that the two are mutually influencing each other’s movements. Thereto, the 
actuators need to be able to create the cutaneous experience of a continuous motion on the body. It is also 
of paramount importance that the actuators are able to generate a signal that is optimized to be easily 
noticeable while consuming as little power as possible. 
 



 63 

 
 

Left: A vibrotactile display based on an array of electroactive polymers. Middle: cylindrical vibration motor. Right: Lilypad 
pancake vibration motor. 

 
9.5.2 wearable actuating technologies 
 
The field of wearable actuators is relatively unexplored, and in garments with actuators embedded in them 
these are often separated from the fabric structure. Koo et al. (2006) describe a vibrotactile display that 
comprises an array of electroactive polymers that can give pressure on the skin. It might be able to 
implement these into textiles, but this presents a technological challenge that is not within the scope of 
this project to face. 
 
Nitinol, or ‘muscle wire’ is an actuator that changes its length when electricity is applied to it. Nitinol has 
been implemented into textiles to make them responsive, such as in dresses with movable elements 
(Berzowska, 2005). There are critical drawbacks to this material, such as a slow response and a small 
relative contraction. 
 
Pneumatic technologies have also been used to actuate garments, such as in the LifeDress by Ann 
deGersem [10] that inflates as to cover the wearer with a cocoon-like fabric shape, or in Ying Gao’s 
garments that incorporate tubes that fill up with air and hence come to hold themselves under tension [23]. 
These technologies require bulky components such as air compressors, rendering them inapplicable to yoga 
practice. 
 
Vibration motors are the most viable actuating technology to implement. They come in various types, the 
cylindrical or ‘pager motor’ and pancake types being the most commonly used. Pancake motors provide a 
more radially uniform distribution of vibrational energy whereas the cylindrical motors distribute most of 
their mechanical energy along the central axis of their body cylinder [Toney, Dunne, Thomas, and 
Ashdown, 2003), and have a better localization (Chi Ng and Fai Man, 2004). Vibration motors mostly 
address a sensory organ in the skin called the ‘Pacinian corpuscles’. These are the largest 
mechanoreceptors laying in the dermis layer of the human skin, and respond quickly to changing stimuli. 
Their optimal sensitivity lies around 400 Hz, and least sensitive to frequencies below 50 Hz or above 600 Hz 
(Toney et al., 2003). Chi et al. (2004) report that cylindrical motors have a frequency ranging from 116.7 Hz 
to 183 Hz, and are therefore more easily sensable by the Pacinian corpuscles than pancake motors, which 
have a frequency of 75 Hz (Chi Ng and Fai Man, 2004). 
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4 cylindrical vibration motors attached to a piece of fabric for early testing 
 

An initial exploration has been done with four cylindrical vibration motors, arranged in a rectangular 
fashion. A program on a microcontroller ran a virtual model of a swinging pendulum, and the location of the 
pendulum was mapped to the corresponding motor. Each motor vibrated more intensely the more the 
pendulum’s virtual position matched the motor’s position. 
 
The sensation these motors produced on the skin was well perceivable even at low intensity, and could 
make for a considerably intense experience when the motors where spinning at full power. Further, the 
vibration motors appeared to produce a lot of potentially irritating and distracting sounds, which is 
probably due to them being locked inside of a cylinder and cardboard encapsulation. 

 

9.6 signal processing 
 

 
Lilypad Arduino microcontroller board 

 
9.6.1 microcontroller 
 
As the era of flexible electronic circuits is only about to start, the Flowtime system is still bound to rigid 
components when it comes to signal processing. The Lilypad Arduino microcontroller is best suited for the 
integration into textiles, and while still relying on solid components, provides the possibility to sew these 
directly onto the textile by means of conductive yarn. Because it still seems fairly fragile and has not been 
thoroughly tested on washability, I think that this microcontroller is mostly suited for prototyping purposes 
and doing ‘quick and dirty’ user tests, but not for the integration into a marketable product. 
 

 
 

signal preconditioning circuit board 
 
9.6.2 signal preconditioning 
 
In order to derive a measurable signal from an analog sensor component, a circuit board was built that 
contains four circuits, each being able to convert the range of an analog sensor into signals well readable 
by the microcontroller. Each circuit contains a three-wire Wheatstone bridge to convert a resistance into a 
voltage, a single opamp variable gain difference amplifier to convert the voltage range from the bridge into 
one from 0 to 5 volts, and a low pass filter to cut off frequencies above 5 Hz, hence eliminating noise that is 
unrelated to the user’s muscle movements. 
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9.7 initial prototype 
 

 
 
three applications of the sewed stretch sensor. Left; band to be worn around the arm. Middle: sleeve to measure elbow 

or knee joint flexion. Right: band to measure respiration 

 
To be able to test the performance of sensors in context, some implementations were created. I created 
three wearable elements that incorporate a conductive thread stretch sensor. The first one is a band that 
the user can wrap around the arm or leg, in order to sense changes in the circumference due to muscle 
contractions. Another one is a small sleeve one can put on over a joint in order to measure its bend. A third 
implementation is a band that can be worn around the belly. 
 
Concerning the actuation part, I used a stretchable band that incorporates six active cylindrical vibration 
motors. Two regular AA batteries were needed to drive the motors, and a piece of separate circuit board 
was created to contain the drivers to the motors. Other pieces of electronics used in this prototype were a 
circuit board for sensor signal preconditioning, a Lilypad Arduino microcontroller, and a power supply for 
the microcontroller. 
 
The idea for this prototype is that a few interactions will be tested. One of these is that the haptic actuation 
band gives a signal in a wave-like motion, as if a pendulum was swinging. If the user follows this 
pendulum with his breath and motion, so there is a synchrony between them, the pendulum will start to 
swing harder, hence rendering the actuation signals more intense, which is supposed to add to the 
experience of flow. Similar to rotating a hula-hoop around the belly, feedback will increase if the user stays 
in the flow. The rhythm for the pendulum can be fixed, but it could also be made adaptive, for example 
adapting to the respiration frequency of the user. This would, however, require the implementation of a 
respiration frequency detection algorithm. A partial code has already been written for this in the Arduino 
programming environment, with a coupling to a visualization of the pendulum in the Processing 
programming environment. 
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10  
appendix a: design guidelines 
 
This is a list of all the design guidelines that accumulated throughout the project and ultimately served as a 
blueprint for the final design. 

 

10.1 main functionality 
 

o The system should bring the yoga practitioner into a state of flow significantly faster than the 
yoga practitioner would without the system. 

o A result of the system should be the progressive letting go of conscious attention 
o The system must help the user maintain balance and control during performance of the exercise. 

This feedback should reinforce the flow of the yoga experience. 

 
10.2 freedom 
 

o The system should always give the yoga practitioner the feeling that he is free to choose his own 
actions, and not explicitly guided or coerced. 

o The user must be able to choose the exercises that he likes to do at any moment, rather than 
having a fixed sequence. 

o Many choices should be offered by the system, so each user can choose how to stay in his flow 
zone. 

o The system should not impose a time restriction onto the yoga practice, but let the user free in 
determining how long to continue the practice without interruptions from the system. 

o The system should not tell the user what to do, but rather impose constraints onto the learning 
environment. 

o The system should allow for the right amount of variability in movement patterns, i.e. allow the 
right amount of deviation of the user. 

o During yoga practice, the practitioner should not be coerced to follow an imposed pattern, but be 
provided with unobtrusive feedback on the background of awareness. 

o The system should always give the yoga practitioner the feeling that he is using the system for his 
own needs, and according to his own values. 

o The system should support a broad range of yoga practices, and not just adhere to that of one 
particular school. 

o The system should be mobile so exercises can be done in various places. 
o The system should offer a possibility to do exercises while interacting with a desktop computer. 

 
10.3 feedback 
 

o Immediate and relevant feedback as to how well the person is doing should be available. It should 
be immediate in both time and space. 

o The system should make the user more aware of perceptual consequences of movement in the 
environment. 

o Augmented feedback information should reflect the essential relationships between performer, 
environment and task. 

o The feedback should be as adaptable as possible to suit each individual user’s preferences (e.g. 
hardcore vs. novice user). 

o The system should provide both auditory and haptic feedback. 
o As the user becomes more proficient at yoga, haptic feedback should recede more and more into 

the background. 
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o At the start of a learning process, focus should be more on cognitive information, whereas when 
the learner progresses the information should be more of a direct nature. 

o Very early in the skill acquisition process, the system should not physically steer the user, but 
have him discover the true dynamics of the movement. 

o It is wished that the system can take the yoga practitioner all the way from the cognitive to the 
autonomous stage of skill acquisition, i.e. that the movements become automatic without focused 
attention being required any longer. 

o The system should give positive rather than negative feedback. 

 
10.4 challenge level 
 

o The system should always fully involve the user’s skills. 
o Possibly, the option to control the challenge level is useful; people who want to do yoga seriously 

might want to be challenged more than people who just want to relax or have some light exercise. 
o As the skill of the user grows, the feedback information should adapt in order to still challenge the 

user and have him perfect his skill. 
o Feedback about the user’s physiological state (e.g. fatigue) should be used to automatically adjust 

the challenge level. 

 
10.5 transparency 
 

o Information about the potential of yoga should be available to the users, so they have a choice 
beforehand not to partake in interaction with the device. 

o The system should be transparent on demand; if the user wants to know why the system acts the 
way it does, this information should be available and accessible. 

o The goals of the system must be clear. 

 
10.6 unobtrusiveness 
 

o The system should not distract the practitioner in any way. 
o The system should entirely stay on the background, so the user can focus on his own 

yoga experience rather than on interaction with the system. 
o The system should not surprise users; it should only come to the foreground in case the 

user planned this beforehand. 
o The system should have no visually or auditory distracting elements. 
o Information should be accessible without the practitioner having to change his physical 

posture in any way. 
o The user should not be reminded of a goal to reach or given feedback during practice 

about how far he is in reaching a goal.  
o Explicit input actions should be physically integrated into the core activity of asana 

practice. 
o Sensory input should not be given by the system in places where this is very unfamiliar 

or discomforting. The sensory input should be able to become part of the internal model 
of the user and become predictable. 

o Feedback signals should be intuitively understandable. 
 The product’s appearance, its interaction and the feedback should be naturally 

mapped to each other. There should be no semantic translation necessary to 
derive somatic meaning from physical form or digital feedback but this should 
be naturally clear to the user. 

o The physicality of the system should not draw attention to itself, in as many bodily 
positions as possible. 

 The physicality of the system should never cause pain stimuli. 
 The user should be able to lay flat on his back without resting on hard parts of 

the product. 
 The user should be able to stand on his shoulders without resting on hard parts 

of the product. 
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 The user should be able to sit on his buttocks or heels without resting on hard 
parts of the product. 

 The user should never have to adjust his body in order to fit the input device; it 
should naturally fit well to his body. 

 The wearable should have as little skin-tight elements as possible. 
 the product must contain as little rigid elements as possible, and these must be 

as small as possible 

 

10.7 general behavior 
 

o The software system should not be able to be ‘tricked’ by the user; he should not be able to get 
possible rewards without doing the actual exercises. 

o The system should not pretend to know more than it does. 
o The system’s general character must be one of tolerance, with an appropriate intensity of 

guidance. 

 
10.8 community 
 

o Information that is shared between multiple people during yoga practice would be beneficial. 

 

10.9 marketing 
 

o The system should not be marketed solely for relaxation or fitness purposes, but as a potential to 
use along the entire path of yoga. 

o The system should communicate the values of self-development, casualness, freedom, 
accessibility, entertainment, and community. 

o The system should be as cheap as possible, the costs not being higher than 100 euro. 

 
10.10 technology 
 

o Small movements should be detectable by the sensors, ‘small’ meaning the smallest conscious 
adjustments one makes to resettle his posture, such as a 1 degree joint angle, or 1 % change in 
circumference of the chest or of a muscle. 

o Sensors should not depend on contact with the skin. 
o Sensors should be not susceptible to contact with sweat. 

 
10.11 physical design 
 

o The product’s form should either conform to an existing archetype, or set a new strong archetype. 
o A customizable look is desired so the form language can vary for example from soothing and soft 

to technological and hard. 
o The product should be accepted by both men and women. 
o The product should fit various body sizes, from size XS to XL. 
o The product should be able to withstand pulling forces of 1000 N, that last for 10 minutes. 
o The product should be cleanable within 5 minutes. 
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11  
appendix b: a general vision for 
wearable technology 

 
Wearable technology integrates two strands of development that used to be separated in both 
design and manufacturing, namely the garment industry and the electronic consumer products 
industry. This section starts with a short description of these strands to then state what the 
implications of this convergence will be for culture and society on an abstract level. I will venture 
into the philosophy of technology to come up with a vision for future wearable technology, and 
how it could change people. I have included this section in an appendix because it is not 
necessary for this report; however had I not done it I would have left out an important part of 
who I am. I personally consider this section to be like the astral realm in yoga, nothing more than 
abstract, idealistic ideas, whereas the main report is the more earthly part. Nevertheless, I 
believe that these two levels always need each other to in the end become one. 
 
11.1 clothing 
 
Man started wearing clothes about 500.000 years ago, and since then this enhancement of our bodies has 
remained a technology closely linked to us. With the discovery of clothing, man gained a means to reinforce 
himself as a social actor, as well as a way to adapt to a wide variety of environmental conditions. Or in the 
words of Marshall McLuhan, “One can view clothing, in the sense of extension of the skin, as a heat 
regulating mechanism and as a way to socially demarcate the I.” (McLuhan, 1964, p. 124) Clothing allowed 
us a new medium to crystallize our social self in a visual, lasting, and implicit way, thus complementing 
our cursory and explicit language. 
 
Today, clothing is still mainly used for these purposes. By constructing ourselves through an external, 
artificial layer, we focus on our self-identity, which is just another construction in itself. This gives us a 
sense of individuality and meaning in society, although at the same time it makes us forget about more 
subliminal processes surrounding and permeating us. Svendsen (2007), in an essay about fashion, mentions 
that we create a fictive world by cultivating only the outer layer. Thus it seems that he believes a ‘real’ self 
to exist, that we should develop instead. Svendsen thinks that fashion does not get us to acquire a 
substantial self, because before this can happen the self gets renewed without ever having been itself. 
Fashion then, as a postmodern phenomenon, may have been the driving force for the decrease of the 
solidity of our identity (Svendsen, 2007). Along this line, I think that clothing would need to be designed so 
that it would lead us away from focusing on an abstract concept of ourselves that we cling on to for survival 
in our social environments, and start to reveal other aspects of life. 

 

11.2 a brief history of electronic products 
 
The other line of development leading towards wearable electronics is that of electronic interactive 
products. As opposed to clothes, these products have mostly developed as separated from our bodies, and I 
will briefly elaborate on how this has come to be. In the 15th century, the printing press was invented, after 
which the world rapidly filled with abstract information through the widespread distribution of books. This 
had a pivotal role in both the Renaissance and the Enlightenment, where people were freed from religious 
dogma, and learned about the world from a scientific frame of mind. Numerous corporations started to 
develop, using paper for their informational processes.  
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When in the 20th century the digital computer was invented, this allowed corporations to automate many 
processes and greatly increase their informational throughput. Information came to be stored as transistor 
states that were not directly readable for people, with the operational mechanisms of information 
processing remaining invisible to the human senses as well. As a direct translation of the transistor to a 
human size, the pushbutton became the prevailing control for manipulating digital information, and has 
remained so ever since. Especially after the development of the QWERTY keyboard, button pressing seems 
to have inextricably ingrained itself in our collective muscular program.  
 
Edward Tenner (2003) states though, that this development might have been not just pushed by a need for 
technological progress towards efficiency, but also that it was the result of a social drive in that typewriting 
disciplined the body (Tenner, 2003). From this perspective, digital technology can be seen as a radical 
social counterstatement, acting as a school teacher for our infantile bodies. But as such, discipline is all 
that it teaches us; it does not give us much meaning or pleasure to position ourselves into abstract, 
sequential modes of bodily operation that follow the logic and qualities of the abstract machine instead of 
those of human expression. Liberation from paper thus came at the cost of a great abstraction from our 
bodily skills. Djajadiningrat (2007) states that our products frustrate our physical abilities, and “have 
increasingly neglected our perceptual-motor skills, have burdened our cognitive abilities, and have lost 
their physical expressivity”. 
 
The field of Human Computer Interaction (HCI) focuses on the explicit design of the coupling between 
humans and machines, and started to tackle the inadequacy of interfaces through the notion of usability 
that intended to make interfaces effective, efficient, and satisfactory. Command line interfaces made way 
for the graphical user interface, that presented information largely as visual icons one manipulates with a 
pointing device. Also, direct manipulation interfaces came into focus, aiming to make interaction more 
natural by employing immediate and reversible actions and feedback. It often involved representing digital 
objects metaphorically, that allowed users to act upon them in a way that corresponds to how they would 
act upon them in the familiar world. 
 
Still, these interfaces allowed a gap to exist between the realm of electrons, and the realm of physical data, 
leaving people in a state of “dual citizenship” as described by Hiroshii Ishii (2008). Marc Weiser, in the mid 
1990s, foresaw a world where the everyday social world would seamlessly unite with the digital world, and 
computers would disappear from the centre of our attention to recede to the background. He coined the 
term ‘ubiquitous computing’, later referred to as ubicomp, for this vision where we should feel like taking a 
walk in the woods instead of being overloaded by information (Weiser, 1995), are freed from using 
computers consciously so we can focus on new goals (Ibid.), and understand ourselves within the patterns 
of the universe (Weiser, 1996). 
 
Ishii (1997) proposed the ‘tangible user interface’, in which our environment becomes the interface to 
digital data, three-dimensional representational objects being the controls. In this, tangible interaction 
bridges direct manipulation computer interfaces and the way with which we interact with purely 
mechanical objects, and extends ubicomp to include the modality of touch and release our bodies from 
being “imprisoned in the physical world” (Ishii, 2008). 
 
At the same time, the notions of emotion and pleasure started to come into focus as the goal for designers. 
At the MIT, researchers worked on the understanding of emotion and its measurement as an input for 
digital systems, hence giving rise to what is known as ‘affective computing’. In this paradigm, electronic 
products were envisioned to support social communication, better understand speech and body language, 
enhance learning, or automatically select appropriate media content by taking emotional factors into 
account (Picard, 2000). Wensveen (2005) proposed an approach to interaction design that allows for 
individual emotional expression through physical controls, hence bridging tangible interaction and 
affective computing. As such, a product could learn about the user directly through bodily interaction, and 
adapt the way it presents information according to the user’s emotional state. 
 
Paul Dourish (2001) took an integrative approach and started from philosophy in order to set up a 
foundation for an interaction paradigm, termed ‘embodied interaction’, that would take into account the 
human as a whole. Dourish explains that people derive meaning from the world through lived, bodily 
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action. He stresses that “it is the things that matter”, and computation is an “intentional phenomenon” 
since in the end, it refers to things. Technologies have us control the way in which we engage with the 
world, and they should be able to guide our activities from moment to moment by letting us orient to them 
in a variety of ways (Dourish, 2001). 

 
11.3 wearable computing 
 
The idea of integrating electronic technology on the human body arose in the 1980’s, when Steve Mann at 
the MIT started to work on making computers wearable. The first attempts were large devices stuck to the 
human body, hence giving rise to a typical ‘cyborg’ look. This approach was very experimental and 
technology-driven, and the resulting work did not fit in people’s lives either aesthetically or practically. 
 
A process of miniaturization followed, and in the late 1990’s wearable technology was developed to an 
extent that it could be integrated into clothing and sold on the market. Tenner (2003) observes a trend that 
“the technology of the body” becomes increasingly lighter and more flexible, to in the end reshape the body 
itself. Although computers have been made comfortably wearable in physical terms, digital data still had to 
be manipulated through interfaces that were direct translations of the abstract push button interfaces of 
the first computers. Because wearable products mostly incorporated interfaces that were ‘stuck on’ the 
body, they required the user to interrupt his activity whenever he wanted to access the functionality 
afforded by the wearable technology. 
 
In current day explorations into wearables it seems to be more and more the wearer’s body that is the 
starting point for meaning, rather than mediating information from a source external to it. The sports 
industry is starting to take advantage of digital technology to enhance the athlete’s performance. Adidas, 
for example, has developed the adidas_1 shoe [1], that integrates “intelligent cushioning” to automatically 
adapt its softness. Another example is a sleeve developed by CSIRO [4] that helps netballers to find an ideal 
rhythm of movement that approximates their biorhythms, by giving them audio feedback based upon disco 
dance beats. Dunne (2007), furthermore, has developed a garment that monitors the spine curvature of 
computer users, to give them corrective signals on the computer screen when their spine gets bent in a way 
that is potentially hazardous. 
 
As opposed to a functionality-driven approach to wearable technology design, the notion of integrating 
technology onto the body has also caught on in other creative cultures, such as fashion and jewellery, 
which have focused more on the social and emotional aspects of wearables. In fashion, Hussein Chalayan 
has created dresses with motorized parts, LEDs and laser lights in his exploration of the role between the 
body and its environment. This can be interpreted as a drive to break with tradition, and the human body 
as its “biggest symbol” (Quinn, 2002). Furthermore, the Philips Design Probes group [15] is exploring how 
technology can enhance clothing to create for more sensitive and meaningful expressions, close to the 
individual experience. They designed dresses that measure a physiological variable such as when the 
wearer blushes, and augments it directly with light patterns on the outer surface of the dress. A last 
interesting example that explores the social implications of a cross-over between fashion and digital 
technology is Ann deGersem’s LifeDress [8]. This is an inflatable dress that can create a private space for 
the wearer by blowing itself up and metamorphosing into a physical cocoon around the user’s upper body 
and head. 
 
Closely related to fashion in terms of approach is the work of artists. Their work seems to be especially 
driven by a force to create a hyper-breed of humans, superior to current-day humans in aspects like speed, 
strength, agility, and intelligence. Where the average superhero still remains largely human, the cyborg is 
the ultimate contemporary mythical figure of this ideal (Quinn, 2002). Characters that transgress the 
boundaries of the human body have circulated within human cultures since long times, but only now it is 
becoming technologically feasible to actually re-create our bodies to a radical extent. Stelarc [19] is an artist 
who strongly shows this through modifications of his own body, such as a third robotic arm connected to 
the nerves that control his abdominal muscles, and an ear implanted into his forearm. Next to this ‘cyborg 
approach’, there are also examples of how the body can change in a more poetic or metaphorical way, such 
as in the Adidas Adicolor Pink commercial, where a girl that has all her personal objects in pink starts to 
turn pink herself, as if a pink slimy organism is slowly pervading her body. Here, the body technology would 
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solely function to reinforce the personal identity of a person in terms of the aesthetical elements this person 
likes. In this, it is completely postmodern, since an artificial layer is stuck onto the body purely for the sake 
of style. Matthew Barney’s cremaster movies are the best example of a postmodern metaphorical way of 
augmenting the human body, for example making him look and behave like an animal. 
 
Jewellery design is another area worth mentioning, since it emphasizes a deep, lasting personal meaning 
and is free from having to fulfil biological functions such as keeping the body warm, which usually 
constrain the design of garments. Jayne Wallace is a jeweller and craft practitioner who turned to the 
incorporation of digital technologies into jewellery, and researches how this can enhance beautiful and 
personally meaningful experiences in people’s lives. Her jewellery is hardly driven by functionality, but 
instead has an ambiguity of function. The necklace “Sometimes”, for example, takes the wearer by surprise 
by presenting highly personal content on public displays, at unpredictable moments. This can elicit an 
experience of enchantment through a sense of surprise and being in play (McCarthy, 2006). To design for 
such a highly personal experience, Wallace stresses an intimate, empathic relationship between the 
designer and the material he works with, to find beauty through craft, instead of a shallow, transitory 
beauty that gives people an experience that Wallace compares to “a well designed one night stand at the 
orgiastic party of our consumer culture” (Wallace, 2004). 

 
11.4 a posthuman vision for wearable technology 
 
Here I will briefly treat the topic of wearable technology on a more theoretical level, also stepping into 
philosophy in order to lay out a vision for the future development of wearable technology. I start to sketch 
out a future world as it could be, more desirable than the current one, to inspire the project so that my work 
is most likely to contribute to a change towards this world. 
 
Our bodies are clearly being reshaped by technology, and unless we collectively adopt an anti-technologist, 
Luddite stance, we will become cyborgs more and more. Our technologies will increasingly change us, and 
make us more adaptive to new biological, technological, socio-cultural, and psychological environments. It 
can be said that since we started to create abstract symbols of the world, it is in our nature to reflect upon it 
and change it with a premeditated goal so we can co-evolve with our technologies into new modes of 
being. By thinking rationally and externalizing himself through technology, man started to create an 
environment that ultimately is more satisfying than being bound to an uncontrollable and unpredictable 
nature. According to Hegel, this is a distinctively human property, and a condition we have to accept 
because it is the only way we can come to feel “at home in the world and in harmony with it” (Sayers, 
2003). Karl Marx followed Hegel’s thinking and developed a theory of alienation, based on the observation 
that capitalism estranged people from their human essences, from other people, from their work, and from 
the products they create. People governed by systems with abstract goals can never become fully 
autonomous, since they are treated not as complete social and many-sided beings, but as abstract and 
specialized ones in a system that is too complex to grasp and out of control of the individual. Nevertheless, 
Marx believed that industrialization was a necessary basis for in the future overcoming alienation. He 
thought that, since needs develop, work would too more gradually develop towards a more free relationship 
with objects, as is the case in free creative artistic activity. 
 
Kellner (2003), in developing a critical theory of technology, acknowledges that technologies can be 
alienating, but that in the same instance they can be empowering and democratizing, depending on their 
nature, effects, and contexts. Either a technophobic or a technophilic stance is too one-sided, for 
technology is bound up with the very nature of humanity; alienation may never be fully overcome, and 
every new technology may be alienating in new ways (Kellner, 2003). Technologies are extensions of 
human faculties which shape human thought, behaviour, and interaction, and inherently have valuative 
biases and predispositions to certain uses, as Verbeek (2006) explains. Both Verbeek and Kellner argue that 
we have to critically analyze the consequences of each technology before introducing it. 
 
I don’t think either that there is a human essence from which we are alienated. When man lived in wild 
nature, he had no biological security, since there were numerous threats to his existence he could not 
control. By developing technologies such as armour, clothing, and weapons, then, he could overcome these 
threats to a large extent, and focus more on other aspects of life, such as social aspects. Then, when in 
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early civilizations a satisfactory social life could be sustained with help of technologies like public 
buildings, games, and money, there was room to focus on intellectual aspects of life such as mathematics, 
physics, and philosophy. Technologies empower people to fulfil increasingly complex needs, i.e. to move 
upwards in Maslow’s ‘hierarchy of needs’ (Maslow, 1943). So, I think that technology is a necessary part of 
humankind’s existence, 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.  

 

11.5 the cosmic cyborg 
 
In terms of the definition of a ‘cyborg’ given by Clynes and Kline (1960) as an “exogenously extended 
organizational complex functioning as an integrated homeostatic system unconsciously”, we are already 
cyborgs from the moment we started wearing clothing. As “natural born cyborgs”, like Andy Clark (2003) 
put it, we inevitably evolve hand in hand with our technologies. Slowly fusing the organic and the artificial, 
wearable technology will only increase the extent to which we are cyborgs, and it is up to designers to 
critically explore what kind of cyborg we should become. 
 
So far, explorations into wearable technologies seem to have led mainly to the following directions for 
human augmentation: 
 

o The ‘radical cyborg’: a functionality led approach that keeps us in the flow of handling digital and 
physical data 

o The ‘expressive cyborg’: emphasizing our feelings or social identity, possibly in a poetic way 
o The ‘regressive cyborg’: technology will pervade our bodies although in an invisible way, so we 

still look like ‘ordinary humans’ 
 
What the kind of technology that this project aims to develop might ultimately bring about is a new kind of 
cyborg that I would like to term the ‘cosmic cyborg’. By adopting technology into his body he is able to 
transcend his own local self, and live a life perfused by a cosmic awareness of everything he perceives, 
including his body, the world, other people, and products of technology, not necessarily identifying with 
these. Digital wearable technology could provide this awareness on the background of a fully lived 
embodied experience, where the human and the technology feel completely at one with each other. 
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