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Abstract 
Through the research presented in this thesis, I have 
investigated how to renew and enrich the way felt time 
is treated in interaction-design research. By building 
a felt time repertoire, designers can sensitively feed a 
sense of time into their design work. And this in turn can 
help them produce an interaction gestalt that is richer, 
more sensual. My research on this suggests that this is 
not entirely easy, however. One has to develop a ‘feel’ for 
time. Time is one of the most powerful influences on 
our thoughts, emotions, and actions, yet we are usually 
quite unaware of the effect of time in our lives. The clock 
is a practical tool for keeping track of time. It offers 
great advantages for scheduling events and dating past 
experiences, but time conceptualisations which emerges 
from clocktime, is something far from time as we know 
as felt experience. The underlying principle of clocktime 
is change, but according to Langer (1953) the experience 
of time is not only length or interval between selected 
moments, but it has more dimensions and shapes such 
as firmness and strength. These dimensions make time 
exist to us. 
 My research exploration began when I worked 
on designing a biofeedback data system, Affective 
Health, conveying such things as heart rate, arousal and 
movement in a way where it would enable and inspire a 
dialogue between users and the visualisations portraying 
their own bodies’ reactions and movements in real time 
and through the past. As default I started out by tying 
my illustrations of biodata to linear, metric concepts of 
time. But I struggled with portraying people’s own 
shifting experiences of time, that is, their individual 
experiences of movements and rhythms, through 



the designs I brought forth. There was a tension and 
division between clocktime or metric time and the users’ 
unceasingly changing, ‘felt’ experiences. By turning to 
artistic practice, more specifically music and culinary 
arts, I hoped to find keys to this question. Through 
Sourdough Baking and the connoisseur Sebastien Boudet, 
I explored how to hold on to, squeeze, stretch and move 
with time through a living material (the dough). That 
is to say, Sourdough Baking and the ingredients came 
to be the interface between the participants and time. 
The exploration unfolded aesthetics of time that we 
normally do not consider in interaction design, such as 
holding on to, squeezing or stretching time. To explain 
how aesthetics of time in Sourdough Baking could be 
transferred into interaction-design was, however, not 
trivial.  To move on I conducted a follow-up workshop, 
‘BodyTimeTech’ where I, together with the participants 
built and discussed suggestions on how felt time could 
be expressed through various industrial materials 
and interactive technology. As one outcome I saw how 
rhythms were used in several different ways. To explore 
the rhythms in more detail, I built Rhythm Poetry, an 
application that I used to explore how the experience of 
rhythms can be shaped, transformed and imagined. 
 I practiced classical music (viola) for many years 
at school and later on as a professional chamber music 
- and orchestra musician. When reflecting upon my 
music knowledge, I saw how expressions of time are 
at once obvious and carefully shaped. I decided to use 
my own experience as a classical musician to ground 
my understanding and sense of what kind of temporal 
aesthetics I aimed to develop. It was complex to use 
Sourdough Baking and music to understand felt time 

in interaction-design research, but through connecting 
interaction-design research to these practices, I could 
start unfolding possibilities of temporal aesthetics in 
interaction design. The main contribution of my research 
is the key aspects of felt time, which I uncovered through 
the four practice based design research explorations. 
Through articulating these I point to a space where 
designers can expand their understanding of felt time and 
where they can playfully explore the sense of time that 
interactive systems and physical materials can deliver. 

The Aspects: 

•  Through my research I have strived to move away 
from the ticking of the clock and re-imagine the 
sense of time that interactive systems deliver. I have 
emphasised that we consist of, are surrounded by, 
and constantly create, outside clocktime experiences.  

•  One part of this space is felt rhythms and how 
they shape temporal experiences in for example 
Sourdough Baking or music. Rhythms unfold in 
each detail of a designed interaction and can extend 
our bodily and perceptual experiences. In some 
processes the rhythms can be large, spanning over 
long time periods, while in other situations, they 
might be intense and quick. 

•  In common to those rhythms are the rest and pause 
moments that form their vitality. The rest moment 
also has its own value, that create space in time to 
get off the stage and to recover. 

•  One way of working with rhythm is to see how 
felt shapes and rhythms of time resonate through 
the temporal gestalt in interaction. For example 



elements of activity and rest, are weaved together 
into a process such as baking or a piece of music. 
When we communicate, our gestural and spoken 
temporal expressions are resonating. 

•  Measuring time is quite easy with a clock, but if we 
want to know what the time is relative to a process, 
we need ways to examine and measure the time 
that is more refined. Aesthetic sensitivity can help 
us to orient ourselves in time. For example when 
we hear a piece of music, we (usually) what came 
before the current tone, and we can anticipate what 
tones or rhythms will follow. The music has its 
own ‘timer’. The texture in baking works the same 
way. Stickiness and firmness of the dough tells 
us that we have done up to a certain point in the 
process and it also tells us what there is left to do. 
By listening to and sensitively probing change, we 
can orient ourselves in time in this manner.

•  This leads to the next aspect, which revolves around 
plasticity. By approaching time as a form and shape 
that we can hold on to, squeeze, stretch, sensitively 
measure and weave together into temporal gestalts, 
we can start finding tools for remoulding the sense 
of time in systems, artefacts and services. 

•  Finally, I have, throughout my research, worked 
with aesthetic transformations. These processes 
filter activities through different forms and 
expressions and unfold possibilities to connect with 
the world in new ways. Re-shaping temporalities 
such as heartbeats or walking or talking, can 
provide a changed sense of the original one. It can 
lead people to start experiencing things from new 
perspectives and with a different approach. 

I uncover, highlight and describe these aspects 
in order to renew and enrich aesthetics of time in 
interaction-design research. Through the aspects I point 
to the importance of being sensitive to felt forms and 
expressions of time and to having an evocative design 
language of time to approach the temporal gestalt 
in interaction.  
 Thus, this work can never really be completed, 
because it is only one step on the way towards the 
ongoing formation of new interaction-design practices. 



Sammanfattning
I den forskning som ligger till grund för den här avhandlingen har jag, 
genom en explorativ ansats, undersökt hur man kan förnya och berika 
sättet på vilket tid behandlas i interaktionsdesignforskning. Med hjälp 
av den här forskningen kan designers bygga upp en praktikbaserad 
repertoar, och med estetiskt finkänslighet formge tid och temporalitet i 
sitt arbete. 

Detta kan i sin tur hjälpa dem att producera rikare interaktions 
gestalter som gör det möjligt att uppleva flera tidsuttryck. Min forskning 
visar på att det dock inte är helt lätt utan kräver att man gradvis utvecklar 
en “känsla” för tid. Tid har en kraftfull påverkan på våra tankar, känslor 
och handlingar, men vi är oftast ganska omedvetna om effekten tid har 
på våra liv. Klockan är ett praktiskt verktyg för att hålla reda på tid en och 
gör det möjligt att schemalägga händelser och orientera sig i en ström av 
erfarenheter. Men tid som den representeras av klockan är bara en bråkdel 
av hur vi förnimmer tid i vårt vardagliga liv. Upplevelsen av tid handlar 
dock inte bara om längd eller intervall mellan valda ögonblick utan 
den har också andra dimensioner och skepnader såsom tex styrka eller 
fasthet. Alla dessa dimensioner gör att tiden existerar för oss.

Min utforskning började när jag arbetade med att utforma 
ett system för biofeedback, Affective Health, där hjärtfrekvens, affekt 
och rörelse skulle visualiseras på ett sätt som inspirerade till en dialog 
mellan användare och system. Visualiseringarna skulle representera hur 
användarnas egna kroppar reagerade och rörde sig i realtid men även 
ge möjlighet att blicka bakåt genom det förflutna. Som utgångspunkt 
började jag med att skapa illustrationer baserade på linjära, metriska 
tidsbegrepp, men jag hade svårigheter att porträttera människors egna 
skiftande upplevelser av tiden, det vill säga deras individuella upplevelser 
av rörelser och rytmer, genom de illustrationer jag tog fram. Klocktid 
stämde inte överens med användarnas egen, kroppsliga, upplevelse 
av tiden. 

Genom att vända mig till konstnärlig praktik, närmare bestämt 
musik och matlagningskonst hoppades jag på att hitta nya lösningar. 
Tillsammans med Sebastien Boudet, utforskade jag hur tid tar sig 
uttryck genom surdegsbakning och ett levande material, degen. Genom 
surdegsbakningen kunde jag se och interagera med tid på nya sätt, t.ex. 
genom att hålla, krama, sträcka och knåda den. Arbetet hjälpte mig att 
formulera tankar om och resonera kring en ny sorts tidsestetik som vi 

normalt inte tänker på i interaktionsdesign. En som förskroppsligar tiden 
och omvandlar den till ett material som vi kan bearbeta genom design. Jag  
ar dock tvungen att arbeta vidare på hur känslan av tid i surdegsbakning 
skulle kunna överföras till interaktionsdesign. Detta gjorde jag genom 
en uppföljande workshop ’BodyTimeTech’ där jag tillsammans med de 
15 deltagarna byggde och diskuterade förslag på hur en känsla av tid skulle 
kunna ta sig uttryck i en interaktiv artefakt. Som resultat av denna såg jag 
bland annat hur rytmer användes på flera olika sätt. För att utforska rytmer 
mer i detalj byggde jag Rhythm Poetry, en applikation som jag använde för 
att undersöka hur upplevelser av rytm kan bearbetas och omvandlas. 

Jag har en bakgrund som klassisk musiker och altviolinist. När jag 
reflekterade över min erfarenhet som musiker kunde jag se hur vi inom 
musik har en väl utformad praktikbaserad kunskap samt ett rikt språk 
för att gestalta tid genom musiken. Jag bestämde mig för att använda min 
egen erfarenhet som klassisk musiker för att grunda min förståelse och 
känsla av vad för slags tidsestetik jag var på väg mot och hade som mål 
att utveckla. Det var komplext och svårt att använda surdegsbakning och 
musik för att förstå känslan av tid i interaktionsdesign, men genom att 
knyta dessa tre praktiker kunde jag öppna upp en potential för tidsestetik i 
interaktionsdesign. Huvudbidraget av min forskning är en formulering av 
de mest framträdande aspekterna av upplevd tid som jag utvecklat genom 
fyra praktikbaserade undersökningar. Sammantaget utgör dessa grunden 
för en ny sorts tidsestetik som kan hjälpa designers att resonera kring den 
känsla av tid som interaktiva system och fysiska material kan leverera.

Aspekterna i korthet:
Ett övergripande tema i min forskning är förhållandet mellan klocktid 
och upplevd tid, där avhandlingens fokus ligger på aspekter av den 
upplevda tiden. Ett fokus i detta arbete har varit rytmer och hur de formar 
upplevelsen i olika processer som tex surdegsbakning och musik.  I vissa 
fall är rytmerna långsamma och sträcker sig över flera timmar, som i 
bakning, och i andra fall väldigt snabba som i vissa musikstycken. 

Gemensamt för rytmer är att de definieras av stunder av aktivitet 
och stunder av paus. Vilan och pausen skapar rytmens karaktär. Men vilan 
har också ett värde i sig som ger utrymme för att ta paus och återhämta 
sig, kliva av scenen. 

Ett sätt att hantera rytmer är att se hur de samspelar i olika 
temporala gestalter, tex hur de fogas samman till en process som tex 



bakning eller ett musikstycke, eller hur våra talade och gestikulerande 
rytmer samspelar när vi kommunicerar med varandra. 

Att mäta tid är ganska enkelt med en klocka, men om man vill 
veta mer exakt vad tiden är i en process så måste man ha ett mer raffinerat 
sätt att undersöka och mäta tiden. Estetisk finkänslighet kan hjälpa oss 
att orientera oss i tid. Tex i bakningen genom degens textur. Kladdigheten 
eller fastheten i degen berättar för oss att vi har arbetat oss fram till en 
viss tidpunkt i processen och vad som är kvar att göra. Genom att uppleva 
förändringarna genom flera sinnen kan vi orientera oss i tid med hjälp av 
estetisk finkänslighet. 

Detta leder till nästa aspekt av upplevd tid som jag vill framhäva 
och som handlar om tidens plasticitet. Genom att närma sig tiden som 
plastisk, dvs något som kan klämmas på, sträckas, knådas eller vävas 
samman, kan designers börja bearbeta den på flera olika sätt som ligger 
närmare vår rika upplevda känsla av tid.

Slutligen har jag i min utforskning genomgående arbetat med 
omvandlingar av tidsaspekter, för att skapa en uppfattning om tex en rytm 
på nya, ibland överraskande sätt. Transformationer filtrerar aktiviteter 
genom olika former och uttryck. De kan tex omvandla hjärtslag till 
färgförändringar. Att omvandla tid på detta sätt, kan ge en helt ny syn 
på den ursprungliga tidsformen. Det kan leda till att man börjar se saker 
(tex sitt hjärta) från nya perspektiv och med nya förhållningssätt. 

Jag pekar på och beskriver dessa aspekter för att förnya och berika 
samtalet och praktiken kring tidsestetik i interaktionsdesignforskning. 
Genom aspekterna vill jag betona vikten av att som designer uppöva 
finkänslighet för tidens förkroppsligade former och uttryck och att ha 
ett rikt formspråk för tid. Således kan detta arbete aldrig riktigt avslutas, 
eftersom det bara är ett steg på vägen mot en pågående utveckling av nya 
interaktionsdesignpraktiker.

Acknowledgements
To all the people who have influenced and encouraged this work, thank 
you; I couldn’t have done this without you! 

First and foremost, I direct my deepest gratitude to my main 
advisor, Kristina Höök. Your inspiring and heartfelt support have 
openly encouraged the questions that drive my enquiries. Your 
knowledge and confidence have surrounded me with unbroken faith 
throughout this overwhelming endeavour. Thank you, Kia. I have 
also had the fortune to have three fantastic co-supervisors, who have 
inspired and encouraged me. I am deeply thankful to Cheryl Akner 
Koler: your bright energy and deep engagement aroused my aesthetic 
curiosity and strengthened my artistic confidence; Anna Ståhl, who 
with your extraordinary everyday wit and presence and dedication 
make things fly; and Richard Harper: you stepped forth and shared your 
sensibility on the eve of this project and encouraged me to find a way 
through my entanglement. Thank you.

I would like to thank Caroline Hummels for agreeing to act as 
my opponent as well as the committee members: Geraldine Fitzpatrick, 
Stephan Wensveen, Marianne Graves Petersen and Rikard Lindell. Thank 
you for your willingness to engage in my work. A special thanks to Sara 
Ilstedt for revising my thesis and giving such graceful comments. I 
am thankful to Jonas Löwgren, who acted as opponent to the doctoral 
seminar at 90%, providing me with valuable insights. Throughout my 
studies, I have had the privilege of being enrolled in the national Swedish 
PhD School in design — The Swedish Faculty for Design Research and 
Research Education. There, I have had the opportunity to meet fellow 
design researchers and also discuss and present my own research. For 
making the PhD school such an inspiring experience, I would like to 
especially thank Maria Hellström Reimer, Peter Ullmark, Pelle Ehn, Sara 
Ilstedt, Susanne Helgeson, and Bo Westerlund. I am also thankful to 
Ramia Mazé, who acted as discussant to my research questions in one of 
the courses. Ramia’s spot-on comments and criticism provided valuable 
feedback in the middle of my ongoing process. In addition, I would like to 
thank Ann Lantz, our head of department at KTH, for being quick to help 
on all kinds of confusing questions in the final stages of my PhD. 

Thank you to all the people in the former People Technologies-
Lab, Markus Bylund, my former lab-manager and Jonas Söderberg for 
our musical discussions. I look forward to working with Sverker Janson 



within the CSL group. SICS is a great workplace with competent, friendly 
and professional people. I would like to thank SICS and especially 
Charlotta Jörsäter and all the people in your amazing crew that deal with 
management and administration. A special thanks to Victoria Knopf for 
helping me out with the language. 

All present and past people at Mobile Life form a tremendous 
source of support and inspiration. Maria Holm, Mattias Jacobsson, 
Martin Jonsson, Jakob Tholander, Vassiliki Tsaknaki, Stina Nylander, 
Mudassar Ahmad, Annika Waern, Vygandas Simbelis, Barry Brown, 
Moira McGregor, Donny McMillan, Airi Lampinen, Sophie Kurth-
Landwehr, Oskar Juhlin, Elin Önnevall, Jinyi Wang, Celia Zhang, Asreen 
Rostami, Fredrik Aspling, Jordi Solsona, Pedro Ferreira, Pedro Sanches, 
Lucian Leahu, Petra Sundström, Carolina Johansson, Ylva Fernaeus, 
Helena Mentis, Vincent Lewandowski and many more have been like a 
research family to me. Thanks especially to Johanna Mercurio, former 
MobileLifer, for great times in the studio and Jarmo Laaksolahti for the 
last aid in writing the Swedish abstract. I would like to thank the Mobile 
Life partners and especially Sian Lindley at Microsoft Research and 
Marcus Gårdman at Ericsson Research for contributing to making my 
research and workplace even more challenging and interesting.

Sebastien Boudet, thank you for so generously inviting me to 
take part in your artistic practice of Sourdough Baking. Thank you, 
Kathleen Hart and Robert Chatel, for your encouragement, great work 
and all the music at the heavy and slow end of writing. Thank you 
Parivash Ranjbar at Örebro University for your engagement in my 
research. Thank you, YogaOle for timeless hours in a stressful life. Thank 
you, Jeanette for haircutting discussions about time. I want to thank all 
my friends and family who, despite distance in time and/or space, always 
seem to be close. A special thanks to Cristine Sundbom for the pep talk 
and support in the ups and downs of this research work. 

Mum and dad, Ivar and Lena Vaara, thank you for your love and 
support in everything I do and what I am. Thank you, Axel, for happy 
babysitting. Thank you, Johanna and Magnus Sjösten with Lukas, Alvin, 
Klara and Melker. Thank you, Olof and Anna Vaara with Aili. Thank you, 
Dagmar and Uwe Kosmack, for your encouragement and love. Thank you, 
Arnd Kosmack, for our playful philosophical discussions. Thank you 
Henning and Mouna Kosmack.

To the one person who keeps me connected to what it’s really 
about, Jan, and to August, Ellen and Lars: you make me sense that extra 
special time dimension, all my love to you.



The line is drawn
The curse is cast
The slow one now
Will later be fast
As the present now
Will later be past
The order is
Rapidly fadin’.
And the first one now
Will later be last
For the times they are a-changin’

Bob Dylan 
(The times they are a changin’)
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Time is one of the most powerful influences on our thoughts, feelings, 
and actions, yet we are usually quite unaware of the effect of time in 
our lives. In our most dominant, linear time-view: seconds, minutes, 
hours and days follow one after another towards a future without end, 
leaving an irreversible past; but we also live with a cyclic view with 
reoccurring events that seem more like a landscape where we move 
in a well known land of events that do not move and each of which 
has its particular character (Davies, 1987). Different people have different 
relationships with time. Technological inventions for travelling quickly 
or communicating on a distance as well as cultural shifts can completely 
change the way time is treated in a society (Asplund, 1983). Thus, the kinds 
of measuring scales that are thought to be appropriate in a society are 
closely connected with the dominant ideas of the nature of time and 
space (Nowotny, 1975). In interaction design, time is something that is often 
taken for granted but to be an interaction designer entails continuous 
examining and developing new ways of shaping aspects of time mediated 
through interactive computer systems. To interact successfully with our 
physical and digital world, our experience of time is essential. 

The Ticking Clock 
The clock is a practical tool for keeping track of time. It offers great 
advantages for scheduling events and dating past experiences. The 
problem, however, is that the tick-tock of the clock does not fit with our 
own experiences of time, which is closely connected to our felt rhythms 
of activities and rests, movements and emotional states (ibid.). Time 
conceptualisations which emerge from clocktime are something far 
from the time we know as felt experience. The underlying principle of 
clocktime is change, but according to Langer (1953), the experience of time 
is not only length or interval between selected moments, it has volume. 
This volume is filled with fluctuating tensions — physical, emotional or 
intellectual — which make it exist for us. 

During the research process reported in this thesis, my work 
has entailed exploring how time is ‘processed’ and, in particular, how to 
use various ways of unfolding and articulating aspects of felt temporal 
experiences enabled by, and through, interactive systems. My initial 
relationship with the topic was one of encountering time problematically. 
My research exploration began when I worked on designing a biofeedback 
data system 1 conveying such things as pulse, arousal and movement in 

a way in which it would enable and inspire a dialogue between users and 
the visualisations portraying their own bodies’ reactions and movements 
in real time and through the past. The work with Affective Health entailed 
not merely examining biofeedback data, but also linking these data to 
some timeframe. First, we collected biofeedback data from users. Second, 
we sought to make people reflect on their lifestyles and stress-related 
worries through the way we rendered their biofeedback data in temporal 
patternings on their mobiles. The mobile interface that showed the 
biofeedback data portrayed the changes in pulse, movement, and arousal 
in real time and through the past. Similarly, it had to illustrate complex 
and ‘whole’ as the person from whom the data was collected. As a default, 
I started out by tying my illustrations of biodata to linear, metric concepts 
of time, but I struggled with portraying people’s own shifting experiences 
of time, that is, their individual experiences of movements and rhythms 
through the designs that I brought forth. There was a tension and division 
between clocktime or metric time and the users’ unceasingly changing, 
‘felt’ experiences.

My Felt Life of Time in Music
I practiced classical music (viola) for many years at school and 

later on as a professional chamber music - and orchestra musician. In that 
world, I learnt that expressions of time are at once obvious and carefully 
shaped. Musicians resonate their own experience of the music with their 
instruments, those they play with and, in a sense, with the composer 
whose musical scripts they read. Doing so requires great practice and 
sensitivity; only in this way can a musician ‘hear’ the time in music 
— for the time is not merely a statement inscribed on a musical score nor 
echoed in clock-like temporalities. There is a felt life to it, one that allows 
the music to be shaped and experienced in the musical gestalt. Musicians 
learn not only that a major part of musical expression is built from 
temporal shaping: in the mixing of melody and harmony with time; they 
have to feel it - through rhythm, pulse and tempo the music’s character 
and thought emerges.

Hours of training, involving the instrument and sounds of the 
viola, created an extension of my body and my self. For me, listening 
to the time in music equals becoming one with the instrument and its 

1  Affective Health system is reported in more detail in chapter four.
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Figure 2. The Affective Health system

Figure 1. Elsa and fellow musicians in ensemble Zimmerman

shaping of sound through time. Whilst I play, I move my listening away, 
so to speak, outside of myself, and yet I am one with its felt life. Musical 
expressions of time is a way to mirror and listen to the self: a space of 
lucidity and immediate emotional expressions. It was as a violist in the 
Zimmermann Baroque Ensemble, Aarhus, Denmark, that I developed 
into a listening and performing musician who grasped this felt life. The 
ensemble consisted of two violins, a viola and a continuo group with 
harpsichord, contrabass and cello. My role, together with my fellow 
musicians, was to interpret and enact the voice of my instrument, the 
viola, in the baroque repertoire. We explored these roles during several 
years of concerts. 

In recalling the musical perspective of time in my artistic 
practice, I found the relevance of felt time for my design research. I saw 
that the felt life of time in music can help develop and describe temporal 
aesthetics in interaction design research. Looking into artistic research, 
interaction-design research and philosophy, I found explanations of 
time strengthening my belief (e.g. Finn, 2011; Göran, 2009; Langer, 1953; Vallgårda 
2015). I saw that a musical perspective could potentially help developing 
a rich language, tools and techniques in shaping the temporal gestalt 
in interaction. 

Questions and Objectives
Of course, while I might have been imagining musical 

symphonies, we were much more constrained in the work of Affective 
Health; we did not have an orchestra, barely an instrument or two. We 
had to reduce and simplify people’s behaviour and bodily reactions not 
just through the three indexes — pulse, arousal, and movement — but 
into a representation on a mobile phone, a handheld screen. Our design 
had to offer simplified pictures, but these needed to evoke a response in 
turn on the part of the user. With Affective Health we aimed to support 
people to learn to listen to and to some extent, follow their own felt 
demands that might be unsynchronized with the clocktime hours, years 
and weekly cycles that we are organized around in our society.

My explorations were, needless to say, complex; I had few tools 
and poor vocabulary developing temporal experiences into interaction 
design. For myself, I began to explore and sketch out how we could use 
the potential in temporal experience and I did not confine myself to the 
materialities of our Affective Health concepts. 
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In reflecting upon my felt life of time in music, I became 
convinced that interaction designers needed to broaden their view of 
time and develop new ways of designing felt time in interaction. These 
demands entailed sensitively approaching time outside the constraints 
of clocktime and through stretching our basic understanding of what 
time means. From an exploration of how the biofeedback data collected 
from users with Affective Health could be represented to individuals 
over time on a mobile screen, my research dived into an inquiry into felt 
time. According to McCarthy & Wright who ground their thoughts on 
pragmatist aesthetics there is no path to felt life through theory, only 
through individual experience. Felt life with technology is people’s 
‘fearing, hoping, imagining, revolting and consoling’ (McCarthy, & Wright, 2004 p 49) 
and experience is ever present and whatever we say about felt life must be 
provisional. Felt time can also be referred to as the basic-level dynamics 
of interactions among the human senses, emotions and temporality 
(Shusterman, 2012). This basic-level is one of the fundamental sources that 
shapes aesthetic experiences’ in the interaction gestalt and what we need 
to develop to be able to compose other contextualized experiences (Lim et 
al., 2007). Working on this level involved considering how we might develop 
awareness and sensitivity to felt time, how to re-imagine time and 
how physical materials and interactive technology can shape felt time 
in interaction. 

I began by searching for an approach within artistic practice 
with the intention to explore time on this basic-level. I intended to reach 
understanding through aesthetic sensitivity and the moving body, 
similar to how I work with time as a musician. Thus, movement-based 
practices came to play a key role in my design explorations, but my 
particular interest in sensory- and movement based practices concerned 
how to explore and shape aesthetics of time from a felt perspective. 
The particular haptic, kinaesthetic and sensory movements were not 
in focus, but how these activities make felt time expressions and 
experiences emerge. With the help of Professor Cheryl Akner Koler at 
Konstfack, a major art, crafts, and design school in Stockholm, I initiated 
collaborations with Sebastien Boudet, a renowned culinary artist in 
Sourdough Baking and desserts (Boudet, 2012). 

Through Sourdough Baking and the connoisseur Sebastien 
Boudet, I found a way to explore how to sensually interact with time 
through a living material (the dough). To explain how aesthetics of 

time in Sourdough Baking could be transferred into interaction-design 
was, however, not trivial. The dilemma revolved around how to bring on 
the deep embodied — and culturally-grounded knowledge in a mature 
artistic practice with clear framework into interaction-design research, 
which has a brief history and little tradition of craftsmanship such as 
in Sourdough Baking. There was a risk that the richness of aesthetic 
experience when interacting with the living material in baking, would get 
lost in translation. 

In the next component of my research I examined how to do 
this transfer of insights from Sourdough Baking into interaction-design 
research. I staged the BodyTimeTech workshop, and together with 15 
researchers and practitioners, I discussed and prototyped a range of 
aspects that articulated some of the insights from Sourdough Baking. The 
research I made into Sourdough Baking and the subsequent explorations 
with interactive technology helped me to highlight the potential of 
learning from artistic practices about aesthetics of felt time, but I still 
needed to explore more in detail how we might experience the world of 
felt time more richly and more evocatively, so I decided to design a system 
to help investigate this further. The last exploration reported in this 
thesis, Rhythm Poetry, was a mobile application that I used as a probe, 
which transformed auditory rhythms to visual objects, words, to collect 
reflections and reactions that could point towards ways in which felt 
rhythms might be shaped and re-imagined through a dynamic interplay 
between users and a system. 

Aim 
Thus, I have set out to research how designers can expand their 

understanding of felt time and how they can re-imagine the sense of 
time that interactive systems and physical materials can deliver. By 
connecting felt life of time in artistic practice with interaction-design 
research, I aimed to uncover a space where designers could play with 
aesthetics of felt time to enrich the experience in the interaction gestalt. 
A central aspect of this entire research endeavour is that I do not reduce 
the complexity of time and temporal experience, and the research is 
characterised by exploration in which different materials, activities, and 
artefacts are bound together to create a greater whole. 
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Exploring the Aesthetics of Felt Time

Interaction-design Research

Prototyping
Probing
Testing

Sourdough Baking
Music Practice
Music as Time and Movement
Sensory-and Movement Based Practices
The Primacy of Movement  
Somaesthetics

Pragmatist Aesthetics

Aesthetic Laboration (A-Lab)
Somatic Connoisseur

Defamiliarization
Sensitization

Awareness

Staging
Workshop

Transferring Felt Time Knowledge

Figure 3. Overview, basic theoretical and practice-based framework

Methodology
The driving force of my methodological approach is a 

combination of explorative interaction-design research and artistic 
methods. Interaction design that I relate to has emerged from the 
traditional design fields — mainly industrial design and graphic 
design — and socially oriented computer studies (Koskinen et al 2011; Cross, 
2011). Similar to design and architecture, artistic practice of music 
has structures for developing aesthetic sensitivities as well as artistic 
professionalism. Individual lessons, group lessons, weekly artistic 
rehearsals, master classes and concerts form a structure that aims to 
develop skills in grasping the gestalt and acting as a professional artist 
(Acts of Creation; Thoughts on Artistic Research Supervision, 2015). It was when I started to 
collaborate with Cheryl Akner Koler that I began to identify my research 
with the field of aesthetic, artistic research. My reflections enabled me to 
start articulating the differences of how we treat and assess the salience of 
aesthetics of the temporal gestalt in these practices. 

My methodology may be described as basic explorative design 
research. It is a way to comment on a phenomenon by pointing to 
possibilities of how to examine an aesthetics of felt time in interaction-
design research. My initial research in Affective Health led me to start 
formulating questions and objectives for my research. After that, my 
research went from being, in Buchanan’s terminology, ‘clinical’ research 
towards basic design research (Buchanan, 2001). Thus, the research presented 
here does not intend to produce solutions, but rather to help explore the 
space in which successful design can operate. Fällman’s triangular model 
is an attempt to define key concepts with basic conditions and tensions 
between different kinds of interaction-design research. His triangle 
developed from the research practiced at Umeå Institute of Design 
(Fallman, 2008). According to Fällman, Design Exploration investigates 
opportunities beyond current paradigms, whatever they may consist of: 
style, technology, or economic frameworks. The research issue or agenda 
is the researcher’s client. Fällman claims that design explorations provide 
a necessary space for interaction-design researchers to acknowledge and 
take seriously the issues of aesthetics. 

The validity of design research is discussed widely in both artistic 
research, HCI, and design research. Since the design community is still 
an immature part of the research community, there is not yet a common 
ground for knowledge contribution. Some researchers think the design 
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Articulating Key Felt Time Aspects
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Figure 4. Research process overview

community should try to agree on forms of practice, evaluation, and 
outcome (Zimmerman, Stolterman & Forlizzi, 2010), while others argue against 
this ‘move towards a scientific approach’ and suggest annotations that 
would support the particularity and provisionality of design (Gaver, 2012). 
This discussion is important because the claims around the level of 
generalization and validity of what prototyping means as knowledge 
contribution in RtD are vague in that they risk undermining the identity 
and strength of design research, namely its ‘non-repeatable, generalisable 
— or indeed falsifiable — nature’ (Gaver, 2012). One of the great strengths 
of design is that we have not yet settled on a single definition. The 
discussion, it is argued, holds open the possibility of core insight 
regarding a new kind of university that is emerging (Buchanan 2001). The 
emerging university is one that is discovering and shaping the balance 
among theory, practice, and production. 

Several different forms of articulating design knowledge 
have been proposed in interaction design research. Examples of what 
knowledge interaction design research can produce are, ultimate 
particulars (Nelson & Stolterman, 2003), spaces for design (Gaver, 2011; Westerlund, 
2009), speculative possibilities (Dunne & Raby, 2013), design research programs 
(Binder & Redström, 2006), annotated portfolios (Bowers & Gaver, 2012), strong 
concepts (Höök & Löwgren, 2012), experiential qualities, style schools or art 
movements can guide a range of design decisions for a novel design 
(Gross, Bardzell, & Bardzell, 2013). 

The explorations and results presented in this thesis should 
be seen as a basis for discussion that points to a design space (Gaver, 
2012; Westerlund, 2009). I build on what has been framed as intermediate 
knowledge (Höök & Löwgren, 2012) — that is, design concepts that can travel 
from one application to the next, from one domain to the other. I use 
the notion of aspects because it is sufficiently abstract to contribute 
to the repertoire that a designer has, helping to unfold a design space 
and provide ideas for what and how felt time could be designed in new 
interactive systems.

Knowledge Contribution
The main contribution of my research is the key aspects of felt 

time which emerged through my research explorations: the Affective 
Health system, the documentation and analysis of the Sourdough Baking 
exploration and the BodyTimeTech workshop and the Rhythm Poetry 
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probe. I uncover, highlight and describe them in order to renew and 
enrich the way time is treated in interaction-design research. 

In short, I have emphasised that we consist of, are surrounded 
by and constantly create outside clocktime experiences and that the tension 
between clocktime and outside clocktime is a resource for designers 
through which we can offer refined temporal experiences. Non-clocktime 
rhythms unfold in each detail of a designed interaction and can extend 
our bodily and perceptual experiences. Rest has a variety of shapes and 
roles: the ‘off-stage’ rest is often considered an essential part in life for 
recovery. The ‘on-stage’ rest is the one that gives character to rhythms 
— a moment of anticipation, intersections of various kinds, breaks 
or ‘air’. On-stage rest shapes the subtleties in rhythm. Resonance can 
be, as it emerged through my research, a basic, rhythmic relationship 
between temporal shapes, which creates different resonating patterns. 
A felt timer allows us to estimate time through aesthetic sensitivity. 
The felt timer is a part of the process as opposed to how we use a clock 
timer, which disregards when we enter into an intentional process that 
we need to pursue. Plasticity points to how we can remould felt time 
experiences. People can have a sense of being able to influence and re-
shape their experience of time, thus time can be treated through, for 
example squeezing it to change tempo. Finally, aesthetic transformation is a 
filtering process that can help us connect with the temporal world in new 
ways. In transformation, the user and the artefact shape the emerging 
experience together. Their interaction creates a new entity, a new sense 
of a time shape that is not about meeting half way, but a property 
developed by both.

In addition, I have brought artistic practice of culinary arts and 
interaction-design research together through an explorative approach. I 
have also used my background as a musician to charge my process with 
my own felt knowledge and to examine the outcomes. Although my 
research did not aim to develop music practice, I notice today when I 
play viola that I have deepened my sense and awareness of felt time in my 
music practice. 

The Context of Work 
I am employed at SICS, Swedish Institute of Computer Science 

and have spent my time as a PhD student at the Mobile Life VINN 
Excellence Centre that is part of SICS. The centre, founded in 2007, 

is a joint venture among three research partners and nine industrial 
partners with funding from the Swedish governmental funding agency 
VINNOVA. It is a significant contributor to the international HCI, and 
design research scene. Much of the possibility I have had to develop an 
explorative artistic approach stems from the structure of the Mobile Life 
Centre, where informal connections, crossover work and cooperation are 
fully supported. 

The first stage of my research endeavour was the Affective 
Health research project. I entered the Affective Health project with a 
brief designed by the research team working on the preceding project 
Affective Diary (Höök, 2008; Ståhl et al., 2009). Together with some of my 
colleagues at SICS and the Mobile Life Centre, I created several of the fully 
implemented versions of the application. Affective Health belonged to 
a research program on interactional empowerment (Höök et al., 2008) where 
the possibilities of using the body to express emotions were explored. For 
several years, Affective Health was developed by a multidisciplinary team. 
I worked in close cooperation with computer scientists and cognitive 
scientists. Together with Claus Weymann, I designed the first three 
prototypes (‘Layers’ and ‘Spiral 1 & 2’). The work was done in cooperation 
with Anna Ståhl, who had done the preceding research that specified the 
hardware and the basic colour modality of how to represent bio-data. 
The last working prototype, the ‘Shell’ was created by Anna Ståhl, Maria 
Lindström (Project leader), Mattias Rost and me, in cooperation with 
YouLe Chong at the Luid Design Agency 2. User testing was carried out 
by Johanna Mercurio and analysis with Anna Ståhl. The project is still 
ongoing but is run by the start-up company Biosync Technology 3. During 
my work with Affective Health my research questions and objectives 
began to emerge in discussions with my main supervisor Kristina Höök. 

The second stage of my research was initiated by an investigation 
of felt time through Sourdough Baking. The exploration was planned in 
cooperation with Sebastien Boudet and Cheryl Akner Koler with support 
from Katarina Eisman for artistic film editing and documentation. Cheryl 
Akner Koler was an active participant and gave theoretical and practical 
support for the development. During the workshop, Sebastien guided the 
baking procedures, while I organized and led the overall programme. I did 

2  Luid Design http://luidstudio.com (Retrieved 30 Nov 2016)

3  http://biosynctechnology.com (Retrieved 30 Nov 2016)
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the main part of the analysis of the Sourdough exploration in discussions 
with Cheryl Akner Koler, Sebastien Boudet and Kristina Höök. As a 
third stage of my research I staged the BodyTimeTech workshop at the 
Mobile Life Centre, and invited 15 researchers and practitioners. The 
work was initiated through discussions with Kristina Höök who was 
also an active participant. In the design and planning of the workshop, 
I put together a group consisting of Anna Ståhl, Jonas Söderberg and 
Karl Petter Åkesson. Together with Anna Ståhl I discussed which insights 
from Sourdough Baking to use and how to use them in the workshop. 
During the workshop, Johanna Mercurio and Sophie Landmeyr were 
responsible for documentation.

The last phase of research reported in this thesis is the Rhythm 
Poetry exploration. Rhythm Poetry was a subsequent exploration 
to the BodyTimeTech workshop and inspired by the Delete by Haiku4 
project, which is mentioned in related publications. I carried out the 
initial idea and design, and worked in close cooperation with Fredrik 
Hagnell, who was a contracted computer programmer. Fredrik Hagnell 
built the software and tested the usability of the application. I made 
the trials with users. I analysed and discussed the work with Professor 
Richard Harper, who, with his competence in analysing material from 
a sociology/ethno-tech-material-perspective, encouraged me to deepen 
my insights. In this process Richard Harper was asked to become 
co-supervisor. The outcome is presented in chapter 7 and paper 4. Rhythm 
Poetry was exhibited on a few occasions: at the Open House at SICS and 
at the Mobile Life Centre, as well as the maker exhibition at Digital Art 
Centre 2014 (DAC).

Reader’s Guide
This is a compilation thesis, consisting of a kappa (cover paper) and 5 
papers, together substantiating and articulating my felt time aspects.. 

Kappa
The kappa is divided into nine chapters. In the background, 

chapter two, I present a literature review of related research to explain 
the context and prior work that informed my explorations. In chapter 
three, I describe my methodological approach. In chapters four, five, six 
and seven, I report on my concrete design explorations: Affective Health, 
Sourdough Baking, BodyTimeTech Workshop and Rhythm Poetry. These 

chapters are structured to introduce and describe the processes, discuss 
the findings, present the insights, and show the reader what I brought 
with me from each exploration as well as what failed and what succeeded 
in touching our felt experiences of time. Chapter eight is an examination 
of the explorations, ending with an articulation of the seven key felt time 
aspects for interaction-design research. Chapter nine provides some final 
remarks and reflections on my research method and the results.

Papers
In addition to the kappa, this thesis also compromise five papers 

out of which three have been published. The following section includes 
short descriptions of the papers that are part of the thesis summarizing 
the most relevant parts from the papers in relation to the thesis. I share as 
well the birthdates of my three children to give a very brief image of my 
own felt life.

August 1/8/2007

Paper 1
Mirroring bodily experiences over time
Elsa Kosmack Vaara, Kristina Höök, and Jakob Tholander. 2009. 

Mirroring bodily experiences over time. In CHI ‘09 Extended Abstracts on 
Human Factors in Computing Systems (CHI EA ‘09). ACM, New York, NY, 
USA, 4471-4476. 

This work-in-progress describes the Affective Health system 
as a mobile lifestyle application that aims to empower people to reflect 
on their lives and lifestyles. It was my first attempt at formulating the 
problem I found interesting with time and temporality and the way it 
may be used in interaction design. In this paper, I present the work I had 
done thus far, portraying biofeedback data over time. I was responsible 
for the paper. Jakob Tholander and Kristina Höök supervised the analysis 
and the writing. 

Ellen 29/5/2009

4  Delete by Haiku was a project initiated by me and Vygandas Simbelis. I was main 
responsible for the development of the artefact and Vygandas Simbelis was responsible 
for writing the paper (Simbelis, Ferreira, Vaara, Laaksolahti, & Höök, 2016).
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Paper 2 
Temporal relations in Affective Health
Elsa Vaara, Iuliana Silvăşan, Anna Ståhl, and Kristina Höök. 2010. 

Temporal relations in affective health. In Proceedings of the 6th Nordic 
Conference on Human-Computer Interaction: Extending Boundaries (NordiCHI 
‘10). ACM, New York, NY, USA, 833-838. 

This paper presents my initial thoughts regarding time and 
temporality in the Affective Health System. I was responsible for the 
design process and result. I had primary responsibility for the paper and 
discussed the content with Iuliana Silvasan, Anna Ståhl and Kristina 
Höök. I describe how I explored possibilities of how, through biofeedback 
visualisations, to support users in making sense of the relationship 
between their stress and their behaviour in everyday life. I describe 
Affective Health as a tool for visualising patterns and trends of bodily 
and contextual information, and I frame some of the dilemmas and the 
importance of reflecting changes over time as this is how people start 
recognizing patterns in their own behaviour and connecting it to their 
bodily reactions. I report on sketching and testing alternative ways of 
visualising biofeedback over time such as the relation between different 
places and with time as different layers of history in a concept inspired 
by ecology. I describe a cyclic representation of biodata mapped on a 
spiral shape in greater depth.

Paper 3
Mind the body! Designing a mobile stress management 
application encouraging personal reflection
Pedro Sanches, Kristina Höök, Elsa Vaara, Claus Weymann, 

Markus Bylund, Pedro Ferreira, Nathalie Peira, and Marie Sjölinder. 2010. 
Mind the body!: designing a mobile stress management application 
encouraging personal reflection. In Proceedings of the 8th ACM Conference 
on Designing Interactive Systems (DIS ‘10). ACM, New York, NY, USA, 47-56. 

This paper describes Affective Health as a stress-management 
biofeedback mobile-service for everyday use, aiding users to reflect 
on patterns in their behaviour. It describes a complex multidisciplinary 
design journey, where we learnt that detrimental stress results from 
complex processes related to, for example, the subjective experience 
of being able to cope (or not) and therefore cannot be measured and 
diagnosed solely as a bodily state. The insights revolve around the 

importance of mirroring short-term stress reactions back to users 
rather than trying to diagnose stress. We also learnt that it is difficult, 
sometimes impossible, to make a robust analysis of stress symptoms 
based on biosensors worn outside the laboratory environment for which 
they were designed. Four resulting experiential qualities that such 
an interface should entail are presented: 1) ambiguity and openness 
to interpretation, 2) interactive history of prior states, 3) fluency and 
4) aliveness. In this paper, the discussions and analysis were performed 
through different constellations within the research team. I made the 
designs and the mirror of the users’ biofeedback data in continuous 
discussion with the research team and in cooperation with the computer 
science master-student Claus Weyman. Pedro Sanches had the primary 
responsibility for the paper, and I added content and commented on the 
design parts.

Lars 7/5/2013

Paper 4 
Clapping Time, Reading Time, Time in Interaction
In review for DIS 2017
Elsa Vaara, Richard Harper, Kristina Höök, Fredrik Hagnell 
This paper reports an initial exploration into the aesthetics 

of time and how the sense of the temporal might be designed into 
new experiences. In particular, a system that transforms the auditory 
rhythms of handclapping into the visual rhythms of poetic words 
and phrases is presented. Through the design exploration it is shown 
that there is no certain or obvious way of counting claps to syllables. 
How does one know when to stop the transliteration of a clap into a 
word? Does a long rhythmic clapping produce one long word or several 
shorter ones? Is silence to be conveyed as a space between words or 
syllables or a syntactical moment? This is presented as a resource that 
allows designers to explore what consequences for the user experience 
different ways of marrying clapping to words might have. This system, 
Rhythm Poetry alters players’ understanding of the temporal shaping 
of both the auditory and visual patterns and rhythms. At the centre 
of this research is users’ experiences and interpretations of the system 
and the transformations that emerge. By thriving off rhythm as a 
jointly shaped gestalt in digital interaction, we saw how aesthetic 
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transformation can help people connect with the world in new and 
expressive ways. Transforming sounding rhythms into words conveyed 
several dimensions of interpretations, including layers of (albeit 
randomly) word significance and sounding forms, which together with 
the composed word image allowed users to re-create their clapped 
rhythms in artful manners related to their personal context, experience 
and imagination. 

Paper 5 
Felt Time, From Sourdough Baking to Interaction Design
In review for DIS 2017
Elsa Vaara, Cheryl Akner Koler, Kristina Höök, Sebastien Boudet
In this paper, we describe how we sensitively approached time 

as a felt experience to broaden our understanding of the temporal 
gestalt in interaction. The exploration through Sourdough Baking 
with the connoisseur and culinary artist Sebastien Boudet is described 
as well as the subsequent BodyTimeTech workshop with interactive 
technology. The purpose with the explorations is described to expand 
the experience of felt time delivered by digital artifacts towards richness 
and engagement. In artistic practice such as culinary arts, and music, 
time is treated as an expressive material. Through a triad relationship 
between interaction design, music and Sourdough Baking, we point to a 
space where aesthetics of felt time take on different shapes. The temporal 
dimensions of these shapes or surfaces can offer interaction designers 
new forms of felt imagery concerning time and key aspects that articulate 
this imagery. The findings contribute to the expansion of our present 
ways of understanding the aesthetic experience of the temporal in 
interactive systems. 

Related Publications
I have a number of publications that are not included in 

this thesis but that have in different ways also contributed to my 
understanding of the problem at hand.

Vaara, E., Ferreira, P., Höök, K., Laaksolahti, J., & Weymann, C. (2004). 
Designing a mobile system for coping with stress. Workshop 
Paper, NordiCHI’04, Lund, Sweden.

Petra Sundström, Elsa Vaara, Jordi Solsona, Niklas Wirström, Marcus 

Lundén, Jarmo Laaksolhati, Annika Waern, and Kristina Höök. 
2011. Experiential artifacts as a design method for somaesthetic 
service development. In Proceedings of the 2011 ACM symposium 
on The role of design in UbiComp research & practice (RDURP ‘11). 
ACM, New York, NY, USA, 33-36. 

Ståhl, Anna, Kristina Höök, and Elsa Kosmack-Vaara. “Reflecting on 
the design process of Affective Health.” IASDR, 31 October- 
4 november, Delft, the Netherlands. 2011. 

Vaara Elsa, Ståhl Anna, Borgström Sara & Tholander Jakob (2012). 
“Ecofriends, reflection with technology”, Workshop Paper, CHI’12, 
May 5–10, 2012, Austin, Texas, USA. 

Lindley Sian, Corish Robert, Kosmack Vaara Elsa, Ferreira Pedro & 
Simbelis Vygandas. (2013, April). Changing perspectives of time 
in HCI. In CHI’13 Extended Abstracts on Human Factors in Computing 
Systems (pp. 3211-3214). ACM.

Elsa Kosmack Vaara, Sebastien Boudet, Cheryl Akner Koler, 
‘KneadingTime’, Poster at IXDA Toronto Feb 2013. 
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Digital. In Proceedings of the 2016 CHI Conference on Human Factors 
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In general, when we think of time, we imagine clock time conceptualizations 
such as watches, schedules and calendars that we use to control and 
coordinate our activities. These practical tools for keeping track of 
time reproduce series of equal units, which offer great advantages for 
scheduling events, dating past experiences and planning future affairs. 
The problem is that they easily make us feel as if time passes without 
our agency and, of course, it does in a sense, but our experience of time 
does not pass without our agency: it is closely connected to our rhythms 
of activities and rests, movements, thoughts and emotional states. 
The constant segments of clock time, however, do not conform to our 
own experiences of time, but we constantly relate to clock time (Nowotny, 
1994). This tension and division between clock time and our own time 
is fundamental and has raised a growing need among people for  
personal, individual time. Our efforts in trying to get our own time, 
which is subjective and local, is confronted with the metric and linear 
clocktime that we share and which we are organized into and whose 
measurement has become increasingly simultaneous throughout 
the world (ibid.). 

Thoughts about Time
However, the clock is not the only possible tool to measure and make 
sense of temporal experience. In sociology, the relationship between the 
temporal, the individual, and society has been extensively documented 
and discussed (Asplund, 1983; Lindley, 2015; Nowotny, 1994). Others have described 
and analyzed the multiplicity of rhythms of social functions (Lefebvre, 2004). 
Anthropologists have explored the temporal experience in cultures and 
lives of people across time around the world (Ingold, 2000; Johansen, 1984). In 
psychology, Marc Wittman recently pointed to ongoing studies of time-
consciousness that show that bodily processes, especially the heartbeat, 
underlie our feeling of time and act as an internal clock for our sense of 
time (Wittman, 2014). Time has also occupied a central focus of curiosity and 
attention among researchers across all the arts (e.g. Lorenz, 2015; The 1st PARSE 
Biennial Research Conference on TIME) and in philosophy (e.g. Bergson, 1889; Langer, 1953). 

What I want to convey with these brief snippets from the 
literature is how thoughts about the nature of time and our experience 
of time have occupied thinkers and practicioners for thousands of years; 
hence the literature on time is enormous (for an early introduction to some of this 
literature see Adam, 2004). In my research, I emphasize aesthetics of bodily and 

perceptual experiences of time, felt time, and how temporal experiences 
may unfold through an explorative design-research approach. 

In this backgound chapter I will briefly describe the dominant 
ways of treating and shaping the flow of time in our society. This paints 
a background image to the time-culture that we are all part of and what 
I try to grasp through my research, to see with new eyes and try to shape 
and transform. To continue, I describe and compare ways that time is 
explained through interaction-design research and music. The distance 
between the views and the approaches to shape temporal experience 
is then reflected upon, before I turn to look at contemporary research for 
movement-based interaction.

Time Views in Western Society
The historian David Landes (1983) has pointed out that it 

is not ‘natural’ to want to know the exact time, and that it is, therefore, 
important to find out how and why such an innovative invention of the 
mechanical clock was made in the late-1200s in Europe and remained 
a European monopoly for 500 years. Landes says that the source 
can be traced to those who were in particular need of a more precise 
time measurement and therefore favoured its introduction when 
technological know-how had reached such a level that it became possible 
to construct accurate instruments for measuring time. In contrast to 
measurement that was affected by circumstances such as weather and 
clouds (sundials or water-clocks), the mechanical clock had a reliable 
technique to measure time (a falling weight which controlled the 
pendulum’s movement). Such a need, it is argued, could be found among 
the Benedictine monks. To them, punctuality was of utmost importance 
(ibid.). The monks are said to be the first social communities that promoted 
the development of the mechanical clock, but the desire for these 
instruments quickly spread throughout Europe, thus pushing forward 
its technical development. The successive growth brought on by the 
mechanical clock in all parts of society changed peoples’ ways of treating 
power, politics, work, leaisure (ibid.). 

Cyclic, Linear and Point Time
A cyclic view of time means that people adjust their activities to 

the local community and the natural rhythms. The future is a constant 
repetition of the present and an exact time measurement is superfluous. 
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Madhu and Dourish describe cyclic time and task-based time in today’s 
society as the multiple rhythms with cyclic character of work in medical 
settings (Reddy & Dourish, 2002). They emphasize the importance of seeing 
the cyclic nature of tasks and the cyclic rendering of the work. It makes 
the information meaningful because it relates and creates contact to 
both past events and future expectations. During pre-industrial time, 
people’s movements between different spaces were sparse (Asplund, 1983). 
They lived close together and had a common, cyclic reference of time 
through the daily work and all the events that occurred (which were 
often religious). But with inventions such as the railway, which allowed 
increased mobility, some people travelled while others stayed at home. 
This change in people’s lives created different relationships and uses 
of time as well as increasing the differences between people’s temporal 
trajectories (ibid.). Differences between, for example, men’s time and 
women’s time began to grow. The change in people’s movements had the 
effect that the cyclic time-view with task-oriented processes remained 
with those staying at home, while the linear way to view time grew to 
dominate the industrialized society. The sociologist Karen Davies states 
that housework creates a flexible relationship to time in that it is the 
task that defines the time required, and not a pre-defined period of time 
(Davies, 1987). Based on Davies reasoning, it is argued that the time concept 
in agrarian society persists in the non-market spheres, such as domestic 
work (Rosengren 2006). The invention of the telegraph also contributed 
to this clash between cyclic and linear time (Nowotny, 1994) by allowing 
communication from a distance and access to an event geographically far 
away from the present situation. That is to say, the growing differences in 
people’s lifestyles caused space and time to start to fall apart since time 
and place were no longer jointly experienced. Similarly, music during the 
1900s was detached from physical space: music could be experienced via 
a record player as images, in a similar way, could be packaged and sold 
(Dyrssen, 1995). Music was no longer tied to a particular location such as 
a concert hall. Radio, tape recorders or walkmans could move the music 
and the music space to almost any location.

While the cyclic view is more like a landscape where we move in 
a well known land of events that does not move and each of which has its 
particular character (Davies, 1987), linear time is a symbol only symbolising 
itself with no rhythm and no fluctuations, it passes us and measures our 
beings. In our most dominant time view — , the linear concept of time — 

we consider time to be projecting forward in a directed, straight and 
continuous line. On a concrete level, this perception of time is reflected by 
the flow of seconds, minutes, hours, days, years and decades that follow 
one after another towards a future without end, leaving an irreversible 
past. Instead of perceiving time as a result of qualitatively different states, 
a time with tangible history and future, as in the cyclic view, linear time 
has an infinite series of the same time-interval. One hour here may as well 
be replaced by an hour there (Johansen, 1984). Even though linear time is at 
the forefront of our lives today, cyclic time remains in many parts of the 
modern society. The two views have existed and continue to exist side-by-
side, or maybe even within each other, but with varying importance. 

Point time is yet another view of time, which consists of separate 
and mostly self-sufficient islands of time. The islands can be thought 
of as a kaleidoscope: turning it a bit creates a new pattern or a new time 
(Johansen, 1984; Wigerfelt, 1997). In point time, it is almost unavoidable to live 
in the present. Point time refers to the existing reality. It contains no 
structures from which people can imagine the yet unknown future. In 
contemporary western society, we do not seem to have a daily discourse of 
point time, but it is constructed in digital space. Internet time is a virtual 
space where a constantly updated flow of information (for example on 
Facebook) and communication can result in constraints on how people 
can create their identities in time (Harper et al., 2012). The design favours the 
present experience and pulls the users into a virtual space where they find 
few ways of changing their image of themselves by shaping their own 
past and future performances outside the present now. 

While the development of thoughts concerning time goes far 
back in time, not only in literature, but also in our everyday descriptions 
and language, the same cannot be said for this topic in interaction-design 
research. This discrepancy occurs partly because the field is young and 
immature, but perhaps also because temporal aesthetics in interaction 
are hard to grasp and shape, and the possibilities keep changing, given 
the proliferation and addition of new digital materials. Despite these 
difficulties and lack of knowledge on how to do it, designers still have 
to explore ways to shape temporal aesthetics. Designers need to create a 
language through which temporal experience might be articulated. The 
tools that we might use to guide our decisions and judge our success need 
to be created as well.
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The Dynamic Interaction Gestalt 
Any interaction takes on a gestalt (Lim et al., 2007), which evokes the user’s 
subjective experience. The interaction gestalt, in other words the shape of 
interaction, (ibid.) is composed of the user experience and the expression 
of the interactive artefact. It is in interaction that the gestalt emerges. The 
dynamic aspect distinguishes the interaction gestalt from other types of 
design gestalts and has been addressed as a central feature and an overall 
character of interactive artefacts (Löwgren & Stolterman, 2004). The dynamic 
gestalt is explained by Löwgren and Stolterman as the overall picture and 
the emerging dynamic whole in interaction that change over time. They 
argue that the aesthetic experience of a digital artefact is the time-based, 
the temporal. This way of experiencing is closely related to time-based 
media, for example film and performance, such as the artistic practice 
of music. To understand and imagine an artefact aesthetically over time 
as a coherent composition is difficult, but a crucial design ability (ibid.). 
Dynamics in the interaction gestalt with emphasis on a basic-level of the 
temporal is what I will revolve focus on around in this thesis. That is to 
say to sensitively approach and stretch our understanding of what time 
means when we can sense it through our senses and movements.

In designing dynamic interactions, considerations have emerged 
regarding how to shape the transformations between the movement 
of people and the movement of artefacts (e.g. Akner Koler, 2007; Djajadiningrat et 
al.,2007; Hallnäs & Redström, 2006; Mazé & Redström, 2005). As creative communities 
within the field of design explore deeper dimensions beneath the physical 
surface of artefacts, researchers have noticed a need for alternative ways 
of learning, playing and working in interaction design (Janlert & Stolterman, 
2015). These alternatives need, as Janlert and Stolterman suggest, to 
connect us with the crucial role physical surfaces play as interfaces 
in surface-bound interactions. We need to consider how to engage in 
transforming experiences involving embodied movement of people with 
the sense of time created in interactive systems. 

A particular concern has emerged to research experiences of time 
and temporal form in interactive systems (e.g. Mazé, 2007; Vallgårda, 2014). These 
thoughts also revolve around how the richness in expressions of time can 
be articulated to help designers develop a language and techniques to form 
users’ experience with interactive artefacts (Löwgren, 2009). Some researchers 
have addressed the temporal in interaction with digital technology by 
describing trajectories through the narrative experience (Benford et al., 2009). 

Others have addressed time in the interaction gestalt by suggesting 
time-related attributes that build the fundaments of interaction that 
can form various interaction-design gestalts (Lim & Lee, 2011; Lim et al., 2007). 
While these primarily describe interactivity, Lundgren suggests temporal 
‘themes’, a vocabulary to support practical development with time in 
primarily screen based interaction design (Lundgren, 2013). Vallgårda and 
colleagues take an embodied approach and investigate ways to create 
interaction gestalts which take into consideration the temporal form 
in computational matters (Vallgårda et al., 2015). There are projects and 
investigations addressing slowness and presence as temporal concepts 
for supporting experience of reflection and time production rather than 
efficiency and reduction of time: these calls for slowness are referred to 
as the ‘slow design’ (Grosse-Hering et al., 2013) and ‘slow technology’ movement 
(Hallnäs & Redström, 2001; Odom et al., 2014). Extended temporality is another issue 
that has been investigated from the perspective of how to develop shared 
values (Giaccardi, 2011). Giaccardi conceptualises extended temporality 
based on notions of pause and duration aiming to enhance and capture 
the experience of the social nature of heritage value. She unpacks pause as 
heritage experience by accumulating personal experiences. By reframing 
extended temporality as duration, she also enables a remix of multiple 
experiences that can be shared in a collective process. 

Rhythm is one aspect of the temporal that is considered a central 
feature of any composition of time (Hallnäs & Redström). Rhythm is a ‘form 
and sense of tension, ambiguity, contrasts and conflicts that permeate our 
lives’ (Langer, 1953). By sensitively approaching rhythms in interaction, we 
may find ways to shape the fine details of rhythms that are inherent to our 
everyday acts and language. Vallgårda and colleagues have investigated 
how the subtle quality of rhythmic movement in terms of speed and 
anomaly will decide whether a thing is associated with mechanical or 
biological behaviour (Vallgårda et al., 2015). Rhythms in interaction can also 
be considered the interplay between user and interface such as beats 
and patterns of movements that repeat themselves and which have 
different granularities (Löwgren, 2009). Nilsson and colleagues (Nilsson, 2011) 
point at the unpredictability and complexity in working with aesthetic 
transformations and textiles. Each thread in a textile may have its own 
sensitivity and thus create a specific change in colour or transparency. 
A weave of threads create an overlapping and unpredictable temporal 
rhythmic interaction pattern. 
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Rhythm can be a part of the design of physical tools, such as a 
hammer, which is bound up with how it imposes a certain felt rhythm on 
the part of the tool user. Felt rhythms are a feature of almost any humanly 
composed form of time — the temporal patterning of work is an obvious 
example, as is the shape of music. 

Aesthetics
In traditional art and design disciplines, such as music, dance, graphic 
design, product design, and architecture, the notion of aesthetics has 
been established, taught and discussed for a long time (e.g. Akner Koler, 2007; 
Langer, 1953; Mazé, 2007). A skilled artist or designer trusts a deep, embodied 
knowledge of what and how things can be done with the material at 
hand in order to create something aesthetically expressive (Hannah, 2002). 
In interaction design, there is a growing concern about how to develop 
this ‘internalized’ knowledge (Lim et al., 2007). A major group of interaction-
design researchers considers that aesthetics emerges from the holistic, 
embodied experience. Thus, aesthetics cannot be treated separately as 
some kind of complementary component to others (Höök et al., 2016; Petersen 
et al., 2004). 

This approach to aesthetics is strongly influenced by Dewey’s 
pragmatism, in which aesthetics is equally a fulfilling, entire experience 
(Dewey, 2005). The pragmatist perspective in interaction-design research has 
to do with the view that interaction is something that emerges through 
a dynamic interplay between people and artefacts. The pragmatism of 
Dewey starts with felt experience. Felt experience tries to encapsulate 
a person’s full relationship — sensory, emotional, and intellectual 
— with her physical and social environment. It is committed to our 
need for sensing the meaningfulness and wholeness of our actions 
from which a sense of self emerges, develops and transforms: ‘One 
of the most impressive features of making sense of our experience is 
the always — emerging self that it evokes for us’ (McCarthy & Wright p 122). 
According to Dewey, an experience always begins with an impulse by 
which a living organism encounters her environment. This impulse 
puts the body in motion, especially the body’s rhythmic relationship 
with the environment and with the surface between the inner body and 
the external. This is why we tend to express our most intimate states, 
especially emotion, in rhythmic form. Our felt experiences depend, 
however, not only upon the quality of the experience we are having. It is 

continuously being re-imagined and re-felt based upon our emerging 
experience over time. 

Dewey’s writings have inspired designers to acknowledge the 
importance of supporting the full force of an immediate experience at 
the very moment one becomes aesthetically involved. Some interaction-
design researchers argue that, in order to shape the socio-cultural 
contextual experiences of time, we need to consider the particular 
immediate level of aesthetic experience (Lim et al., 2007). One possibility for 
organizing the design process from an aesthetic pragmatist perspective 
is to work with the immediate reactions to forms and shapes of a 
phenomenon. Embodied aesthetic procedures and workshops can inspire 
the creation of such processes (Akner Koler, 2007). That is, as designers, we 
can explore immediacy through felt shapes, through playfulness and 
by relying on sketching procedures. Another proposal to approach 
immediacy and the lower-level dynamics of interactions is to work 
through conceptual sensitizing tools, for example embodied explorations 
into a phenomenon to create a practice-based understanding that may 
shape a felt point-of-departure in a design exploration (Akner Koler & Ranjbar, 
2016; Höök, 2010). 

One way of building on Dewey’s pragmatism is suggested by 
Richard Shusterman (Shusterman, 2012). He expands upon Dewey’s holistic 
approach by advocating the incorporation and cultivation of our body. 
Shusterman calls our attention to the importance of movements as part 
of our way of being and thinking. An important prerequisite for his 
Somaesthetic philosophy is the realization that all of our experiences 
and interactions with the world originate from our body. Somatic 
cultivation is therefore a key to the aesthetic experience (ibid.). Similarly, 
in relation to the subject of this thesis, aesthetic experience of time only 
exists as it is experienced through our bodies. As I shall discuss later, the 
movement-based, bodily ways of experiencing time have played a key 
role in my design explorations. This fact is partly due to how interaction 
design is moving outward, from being solely screen-based interactions, 
to becoming part of our everyday objects, movements, and interactions. 

Thus in my research, I am interested in expanding aesthetics to 
include embodied and temporal experiences that are not dominated by 
vision, nor controlled by traditional functional interfaces and solutions. 
The overall manner of using aesthetics in the thesis is to explore different 
types of sensual properties that elaborate aesthetic investigation where 
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we become engaged and active in events that unfold over time. The 
emphasis lies on our need to become engaged and active in physical and 
emotional events, which takes us beyond our common conceptions of 
time in interaction design. 

Time, the Arts and Interaction-Design Research
In artistic research, temporality has been explored for some time in order 
to enable new kinds of interactive experiences. There are explorations 
concerning how to design interactive polyrhythm into the performance 
of opera singers (Unander-Scharin & Höök, 2014). In one of the interactive 
instruments, the opera artist can control the ongoing pace of the 
accompaniment through interactive wires that the artist can push to 
move the music ahead. The instrument was created to empower opera 
artists by giving them control over pace and rhythm and thus the overall 
artistic performance. This example points to possibilities when designing 
felt time in other situations with other purposes: the movement and 
rhythmic patterns of the user can be intimately connected to the system 
to form new kinds of interactive experiences. There is also artistic 
research that turns the human body into the interface between time and 
space. ‘Drawing Breath’ (Khut et al., 2006) is an artwork which expresses and 
explores people’s breathing rhythms through interactive visual patterns. 
It unfolds our inner felt rhythms and how they may transform to create 
a relationship with our surrounding world. In cardiomorphologies 
(Khut, 2006) George Khut works with three kinds of transformations in his 
artworks: he transforms the participant’s focus to three functions: heart, 
breath and subjectivity. He works with ‘synaesthetics’ transformation, 
that is, translating these into aural and visual representations. The third 
transformation he calls ‘analytical’ which has to do with the smooth 
transformations between expressions in physiology. Other examples of 
artistic work that express the relationship between rhythmic movements 
and other shapes are the metaphone project (Simbelis et al., 2014) and projects 
regarding the translation from movement into poetry (Cuykendall et al., 2016). 

When thinking about time and how to grasp temporal 
expressions through physical materials, sensual properties, movement 
or sound, it is also helpful to look at how other ‘invisible’ materials 
have been explored in design research. One of the most prominent 
examples is, perhaps, Static!, a research programme initiated in 2004 to 
investigate the ‘aesthetics of energy as material’ (Mazé and Redström, 2008). The 

programme focused both on exploring how designers can engage with 
energy as a material rather than an ‘abstract and invisible technology’ and 
on the deployment of design in order to express issues of energy use as 
everyday things. The Static!, programme was formulated openly to be able 
to point to potentials and inspiration. The intention was to think outside 
an existing regime regarding energy consumption. The Static! project 
developed a rich set of design examples that inspired discussions and 
reflections on the relation to energy in everyday life. One such example is 
the energy aware clock or the Power Aware Cord (Broms, 2010).

The rich aesthetic and conceptual potentials of interpreting, 
depicting, and performing temporal aesthetics have long been exploited 
in music (Finn, 2011; Langer, 1953). Music, it is stated ‘makes time audible, and 
its form and continuity sensible’ (ibid. p 110). Music provides an example of 
how to shape, discuss and develop felt time into something aesthetically 
expressive. Musicians have to develop and train that internalized 
knowledge of which interaction design research is in need (Lim et al., 
2007), that is, a knowledge of how to manipulate and shape the temporal 
to form an expressive gestalt (ibid.). In my research, I have used my felt 
knowledge in music to reflect upon the outcomes of my explorations. 
Here, I will therefore elaborate more deeply on my own practice based 
knowledge of felt time in music: in particular, providing a background to 
time-shaping in music in order to sketch the distance between the tools, 
techniques, and language used in music and interaction design in the 
creation of expressive temporal gestalts. 

Expressive Possibilities
Music and its possibilities for expression and transformation 

have been investigated from various perspectives in interaction-design 
research. One example are the case studies in how interactive technology 
can mediate similarly rich self-expression and meaningful engagement 
(Ross et al., 2008). Others have studied and developed ways to transform 
between emotional characteristics in music and colours (Bresin & Friberg, 
2011). The musical score has been compared to the computational 
programme which are both ‘plans’ for what is going to happen in the 
musical performance as well as in the interaction (Vallgårda et al., 2015). 
The design of the sequences of computation in a programme is like 
composing sequences of sounds in music. From this perspective, 
interaction design is a form of instructions, like music notation, telling 
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how the artefact is to be performed. The computational form (such as the 
composition of materials, sensors, and actuators) gives shape to those 
instructions, interprets the input, and reflects the form of the instruction 
in the output (Hallnäs, 2011). But, as Vallgårda and colleagues point out, 
music can be made without a score, computational form cannot: ‘the 
lines get blurred when working with genetic algorithms and adaptive AI, 
but even they need a programmed starting point’ (Vallgårda et al., 2015). The 
musical score, however, is not only a plan like a computer programme 
that is ready to be executed. A musical score also illustrates and imitates 
the forces of tempo, gestures, directions rhythms and so forth that 
constitute the idea in the music composition (Dyrssen, 1995). A score can be 
traditional or graphic5, but it uses the notation to show both an image of 
and plan for what is going to happen. A musical score constitutes a model 
of a cultural situation and a representation of a sound concept, which 
will be experienced differently and uniquely every time it is performed. 
The score helps the musician not only to follow the plan, but also to 
create for a particular experience. With this view in mind, the musical 
score could perhaps be compared with the techniques used to visualise 
the dynamic of interaction such as storyboards, wireframes and paper 
prototyping (Löwgren & Stolterman, 2004). It could also be compared to the 
interactive artefact itself, and how it might be a plan in itself, imposing 
a rhythm, certain movements, openness for interpretation, forces or 
gestures of interaction. 

Musical Vocabulary
Another fundamental part of shaping music is the vocabulary. 

A good working knowledge of musical terms is essential to a musician. 
It is impossible to know all musical terms, but I will give some examples 
here to explain how they are significant to the practice. (The majority 
of musical terms are in Italian, but there are also many in both German 
and French.) Music terminology indicates temporal expressions, but the 
terms do not only describe the speed and the loudness of the sounds. 
Oftentimes the music language forms a blend of emotional, sensory 
and intellectual expression. One single word such as grave describes 

5  Unlike the more traditional five-lined musical stave, with each line and each space 
representing a different pitch, a graphic score is a different way of notating a piece 
of music. http://www.classicfm.com/discover/music/graphic-scores-art-music-
pictures/ (Retrieved 7 Sep 2016)

not only speed (very slow), but also a sense of emotional and cultural 
gesture (solemn), and a weight (heavy). Some words describe the style 
of movement such as parlando that instructs a singer to sing in a 
conversational style. There are also examples of terms describing how 
the music should unfold over time, such as diluendo, dying away, or 
ritardando, slowing down.

‘Like a nightingale with toothache’
Knowing the words, reading the score, and talking about the 

music, however, are only one aspect of the making. The musician has to 
understand and sense that in practice, allegro for example is a style as 
much as a tempo, and that a Johann Sebastian Bach grave is completely 
different from a grave by Béla Bartók. The vocabulary (the words) of music 
is dependant upon the felt knowledge of the culture and the performance. 
The words have to be learnt through practice. Not only is the general 
terminology used to describe the music, but metaphors are as well. Satie 
urged the pianist in one of his compositions to play ‘like a nightingale 
with toothache’. This might seem humorous, but emotional imagery is 
commonly used to describe a shared sense of what is supposed to happen 
in the performance of the music. 

Sometimes, images are the only way to make things work: on 
a particular occasion, we (the Zimmermann ensemble) were going to 
give a concert in Copenhagen with early music cellist Jaap Ter Linden 
playing the Vivaldi cello concerto in g-minor. On the last day of rehearsal, 
we could not get our accompaniment together. Jaap ter Linden asked 
us to start over again and again, but we ended the day without success. 
Later that afternoon, Per Buhre, the second-violinist, and I had a 
discussion regarding the frustration over the rehearsal. We shared our 
personal experiences of how to imagine our felt lives of music. To shape 
the musical gestalt, both of us used some kind of inner felt imagery. I 
imagined something flying around in resonance with my movements, 
while Per imagined moving through a kind of landscape. At the following 
day’s rehearsal with the problems of not being able to find a common 
feeling of the music, we asked Jaap to give us his own dynamic imagery 
that described that first movement of the Vivaldi C-minor concerto. His 
image, a crying Madonna, eventually made us find a shared sense of the 
music that helped us put the performance together. 

This description of a rehearsal is not only a social situation 
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between fellow musicians. It is also an illustration of ways to look 
at things that are impossible to describe with words from several 
perspectives to reach a deeper understanding. An imagery does not 
automatically have words and can be hard to tease out, but, in this case, it 
was a way to make the music come together. The example illustrates ways 
to grasp a felt time gestalt, alone or together with others. 

One way of thinking metaphorically in music is linked to 
architectural thinking. It is about talking about high or low tones, 
heaviness, lightness and large sounds. Strong sounds can be experienced 
as dominant and powerful items and so on. Even in the opposite 
direction, from architecture to music, terms are used that describe the 
architecture as musical metaphors: it can have rhythm, dynamics and 
proportions and passages (Dyrssen, 1995; Fantasi eller virkelighed, 1987; Rasmussen, 1957). 
The metaphorical thinking that connects music and architecture might 
provide material for discussions about the relationship between different 
embodied artistic practices and interaction design (Johnson, 2008). One 
approach is to look at how the time based musical gestalts shapes space 
through the movement that it suggests. For example, a Minuet composed 
during the Baroque era was a dance and required a certain space in 
which one could dance the Minuet choreography (Fantasi eller virkelighed, 1987). 
Another approach has been to compare time in music with space through 
the construction of duration. Duration is experienced upon hearing or 
sensing music as well as moving through space (Dyrssen, 1995). Similarly 
time in the interaction gestalt shape the space that we use it for, it can 
be described through felt imagery and metaphorical thinking (Loke & 
Robertsson, 2013). One project that has challenged the notion of temporal 
experience as duration is Zeitraum (German for ‘timespan’, literally ‘time 
space’) by Gerhard Eckel (Eckel, 2015). Zeitraum is an acoustic artwork 
where the interrelation of time, space and movement is exhibited. Many 
identical sound sources (speakers) are spread out irregularly (hanging 
in the ceiling and on the walls) in a large space. They play an ostinato of 
percussive sounds. Only if one listens to the sounds from a particular 
place in the room (called ‘the sweet spot’), the music pattern is perceived 
as and accented but regular. The ostinato is structured so that the 
sounds from all sources arrive with the same delay at the sweet spot, 
compensating for the differences in production time. If one walks away 
from the sweet spot, the regular pulse gets more and more distorted 
as the distances to all sound sources change and with them the delay 

Figure 5. Photo from concert and concert 
program with Jaap ter Linden.
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of the sound production. By moving around the space, the listener 
explores a space literally made out of time, a time space — a perplex 
experience enacted through one’s locomotion, revealing a continuously 
changing viewpoint of listening. Eckel’s installation unfolds how we 
may use electroacoustic music and sound art to experience time not as a 
chronology of events unfolding, but as movement.

Blending with the Instrument
Fernaeus and colleagues (Fernaeus et al,. 2012) as well as Djajadiningrat 

and colleagues suggest design that emphasizes the flow of movements in 
a process (Djajadiningrat et al,. 2007). To design this flow requires the designer 
to take into account the user’s physicality and the spatial as well as the 
temporal shape of an artefact. They explain how a work process with a 
machine and its physical spatial and temporal nature allow the worker 
to blend with the system. Djajadiningrat and colleagues compare this 
process to the fingering in music-making, that is, the planning of which 
finger moves, how and where, in order to change tones: in other words, 
the choreography of how the fingers move across the instrument. 

To hold a musical instrument is paradoxical: at the same time as 
I have to hold it, I should touch it as little as possible in order to let the 
instrument’s body vibrate to produce sound. My whole body supports the 
light grasping of the viola. With as little force as possible, I blend with 
my instrument while moving and resonating with it. I use fingerings to 
affect not only the flow of movement, but also to create the character of 
the music (the output): I use the fingering to emphasize certain tones or 
to cover up or accentuate difficult passages. The fingering is intimately 
bound up with how I move the bow with my other arm. With the bow, 
I can enhance the thought that I have when shaping my fingering: for 
example, I can stretch the duration of a glissando6. The bow can help me 
hide technically complicated passages: I can simply create small and 
almost non-perceptible rests by lifting the bow slightly from the string. 
These rests give my fingers silent time to move to their new positions and 
even help my ears to hear if I have found the right pitch. The strength, 
position and movement of the arm, the hand, each finger and each 
fingertip affect the character of the music. Cultivating the aesthetics of 

6  In music, a glissando (plural: glissandi, abbreviated gliss.) is a glide from one pitch to 
another. (https://en.wikipedia.org/wiki/Glissando Retrieved 7 Sep 2016)

how the fingers move across the instrument in music is a whole world in 
itself where each finger has its own expression. 

Considering the choreography of our movements with artefacts 
from this detailed perspective provokes an image of what subtleties of 
movements and rhythms that form the fundament of how we blend and 
resonate with systems and how bodily perceptual experience of time is 
formed in interaction. Each fingertip has its own movement gesture while 
moving, holding, or squeezing. In every movement and every part of our 
bodies, there is a rhythmic movement to be considered.

Sound and Movement
Time in music is, of course, made and felt through sound. To 

make sounds, we have to move or things have to move. Music depends 
on movement because there is no sound without movement (Finn, 2011). 
Susanne Langer describes the elements of music as moving forms of 
sound that is, however, entirely different from physical change of places 
because in the music itself, nothing is moving (Langer, 1953). It is our bodily, 
spatial way of experiencing the music that relates to movement. As we 
listen to the sound of time through music, our imaginations are provoked 
and our bodies entranced. We can find ourselves moving in time, 
somehow imagining we are being moved in adherence to the sounding 
temporal forms. Thus, the temporal experience in music is not easily 
measured or interpreted by logical, practical or scientific formulations 
(such as, clocktime), but rather in terms of movement, sensibilities, 
tensions and emotions (ibid.). 

We can imagine interaction design working in a similar manner 
to music. The experience of time in interaction design is something 
artificial which is created from various expressions that make us 
experience the interaction gestalt. The difference between playing 
a musical instrument and interaction with a system is that time in 
interaction design may be manipulated in multiple ways thanks to the 
many possibilities that interactive technology offers (Belenguer, 2015). As 
interaction designers, we have all the expressions that an artefact and 
a person can be designed to interact through. On top of the ability to 
construct, however, there have to be skills and musicality to shape the 
aesthetics of a complex unity of temporal form, physical form and the 
interaction gestalt, called the ‘trinity’ of forms in interaction design 
(Vallgårda, 2014). A musical gestalt is naturally associated with all the 
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temporal aesthetics involved when making music and may therefore help 
articulate the aesthetics of the temporal form in interaction design. 

Sound and Silence
Most people might think of music as sounds arranged in 

sequences over time. There are, however, alternative ways to think about 
music and time. John Cage the great avant-garde American composer 
of the 20th century showed how to work with the materials of time 
in alternative ways (Göran, 2009). First, he stated that sound and silence 
were coequals in music and that musical structure should be based on 
duration because this was the sole characteristic that these two had in 
common. Silence cannot be heard in terms of pitch or harmony: it is 
only heard as time length. The only characteristic of sound that is shared 
with silence is duration, and, thus duration is the most fundamental 
part of music. As a result, instead of making use of the music tones, 
constructions of polyphonies, and classic tools of music composition, 
Cage structured all of the later part of his artistic production by the 
dimension of time in a specific way: he invented a system based on 
duration and unpredictability. John Cage’s music came to refer to its own 
inherent musical process, and each performance was a new expression. 
The temporal arrangements of sounds and silence were the key that tied 
the compositions together (Pritchett, 1993).

Time, Movement, Material 
Bodily aspects of interaction have been emphasized as a kinaesthetic 
and somaesthetic concern focusing on bodily movement and cultivation 
(Höök et al,. 2016; Hummels et al,. 2007). This research, enhances movement as 
the premise and starting point for our way of being in the world (Sheets-
Johnstone, 2011), which, similarly to sound, music, and time, ‘depends 
on movement, is defined by movement, comes into being through 
movement’ (Finn, 2011). In Sheets-Johnstone’s description of the ‘primacy of 
movement’, she provides accounts of dance improvisation, emphasising 
the wonderful rhythms our ‘bi-pedal swagger’ and upright bodies convey. 
Heart beats, the circadian rhythm, walking, running, and dancing; all 
these rhythms live in us and can be used to drive meaningful temporal 
and rythmic structures. The world is inherently meaningful to our body, 
and, through movement, we gain access to that meaning. Common 
to all of these methods, is their focus on how the designer has to be 

involved physically and sensorily in order to become sensitive to subtle 
differences, signs and signals in the aesthetic experiences that may 
spur important design insights. A key principle proposed is to use 
movement as a design material and that designers need to develop their 
skills in using this material through acquiring knowledge of movement 
themselves (Feltham et al., 2014; Loke & Robertson, 2010). The moving body is 
regarded as a creative source that requires physical embodied exploration 
and can generate unexpected responses and insights.

Some research proposals engage in movement as discovery 
through extending the body to provoke shifts in attention from gesture 
to the technologically embodied results of gesture. The aim with this 
approach is to change qualities of attentiveness and thus the kinds 
of embodied knowledge a participant might access. Emergent bodily 
knowledge thereby becomes an essential material of the design process 
(Wilde et al,. 2011). Others propose ways to design in which we need to be 
moving, feeling the interaction as it unfolds with our movements. 
The research unfolds techniques of how to transfer first-person, felt 
experience to interaction design. Loke and Robertson argue that methods 
from dance are ways by which designers can creatively examine new 
movement possibilities mediated through technology (Loke & Robertson, 
2013). They suggest three techniques for designers to cultivate skill and 
awareness of movement: playing with everyday movements and gestures, 
scoring, generating movement from imagery. In particular, they argue 
for methods of ‘making strange’ — that is, a process of de-familiarisation 
that aims to produce a creative change of perspectives. 

‘Making the familiar strange’ is described by Sheets Johnstone 
(1999) in relation to the moving body as a way to unsettle our habitual 
perceptions of the world in order to reacquainting ourselves with 
familiar or accustomed movements. Similarly, experiencing time outside 
or on the periphery of our everyday realm, for example performing an 
unfamiliar rhythm of movement or learning a phenomenon through a 
new perspective (such as Sourdough Baking or transforming shapes of 
felt time), can help us break out of habitual ways of thinking about time. 
In order to learn from a specific bodily practice, however, we might need 
to acquire skills, which are not necessarily part of a designer’s training 
and expertise. Shiphorst (2011) argues that a way to bypass this problem is 
to engage somatic connoisseurs in the design process, that is, to bring in 
experts who can let us share their deep embodied knowledge and make 
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us more sensitive to specific bodily experiences. A somatic connoisseur 
is a person who has spent years acquiring specific somatic skills, such 
as dancing, violin playing, horseback riding or Sourdough Baking. 
Through the expert, designers and other participants gain access to 
embodied knowledge with and through the guidance of the connoisseur, 
compensating for the lack of experience they might have. 

When thinking about movement and time, we might as well 
think of athletes and the way they measure their performances. A recent 
study by Tholander and Nylander shows that the aesthetic, experience-
focused perspective must be taken into account to support richer sports 
experiences with interactive technology (Tholander & Nylander, 2015). Sports 
are most commonly measured through speed, length, height and so on. 
Artistic practice, in contrast, is measured through imagination, focus 
and expressiveness. Musicians can initially use a metronome indicating 
beats per minute to compare their own sense of speed with a specified 
tempo, but metric time instruments can only be used to measure 
indications of tempo in an initial phase. When performing, the music 
must be released from that because the musician performs to express 
something, not to play slow or fast. We might describe the movements 
of musicians as fast or slow, but when listening carefully one realizes 
that there is nothing that can be called speed because the pace constantly 
moves up and down. In the performance, the musician increases and 
decreases speed unceasingly. 

Summary: Time, Movement and Aesthetic Sensitivity 
The researchers mentioned above show how involvement in various 
bodily practices can be used to develop design projects in different 
areas. My particular interest in sensory- and movement based practices 
concerns how to imagine and sense time and how to explore and shape 
the aesthetics of time from a felt perspective. The particular haptic, 
kinaesthetic and sensory movements are not in focus, but how these 
activities make felt time shapes emerge is. The shape of time as well as 
the shape of music cannot be revealed through theory. The understanding 
must be reached through aesthetic sensitivity and the moving body. 
Time in interaction cannot be considered without movement, but 
the research on time becomes especially intriguing when engaging in 
artistic practices, which have a mature relationship, well-developed 
skills plus language and tools to shape the aesthetics of time. Through 

artistic practice, designers can gain a sense of the richness and expressive 
possibilities that exist to shape felt time experiences through interactive 
computer systems. Through aesthetic inquiry, music might be brought 
into interaction design. 



3 
Methodological Blend
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My approach to interaction-design research can best be described as an 
investigation that does not try to reach a specific conclusion but to build 
a subtle discussion around the research question. The approach has 
entailed various endeavours based on designerly making-processes that 
tell meaning of felt time from different perspectives. A central aspect of 
my research is that it does not aim to reduce the complexity of temporal 
experience. Instead, it is characterised by explorations in which different 
materials, activities, and artefacts are bound together to create a greater 
whole with a nuanced and sensitive understanding of the question. 
The complexity in design thinking is something which enriches design 
endeavours and is a condition for ‘innovative and creative design to 
happen’ (Stolterman, 2008). Much of the possibility I have had to develop an 
explorative artistic approach also stems from the structure of Mobile life 
VINN Excellence Centre, where informal connections, crossover work, 
and cooperation are fully supported. In the following section, I will 
describe how interaction-design research and artistic methods influenced 
my methodology and what constitutes the knowledge contribution of 
my research. I will end this section by summarising how I collected and 
analyzed the empirical material from the explorations.

Interaction Design 
Interaction design that I relate to has emerged from the traditional 
design fields, mainly industrial design and graphic design, and socially 
oriented computer studies (Koskinen et al., 2011). I have been trained to think 
and approach problems in a certain way that has been described as a 
complex mix of skills supporting ‘intuitive judgement’: ‘the sometimes 
unconscious thinking deriving from pools of experiences, education 
and prior learning gained from making appropriate or inappropriate 
responses to situations’ (Cross, 2011; Stolterman, 2008). I started my design 
education at Aarhus School of Architecture in Denmark. The school 
has changed since then and, among other things, has incorporated a 
technological view into parts of the education. However, the designers 
who are educated there are first trained through studies in architecture 
from which, afterwards, they may choose industrial design as a master 
study. The school attaches great importance to the traditional core 
competences of the architect, the artistic approach to the assignment, 
and the ability to work spatially and visually. The project-based studies, 
both individual and in groups, were carried out in dialogue with teachers 

and fellow students, and required me to spend a lot of time in the studio. 
After two years in Aarhus, I took the opportunity to continue my studies 
at the Institute of Design in Umeå, where I could focus on industrial- and 
interaction-design. In Umeå, I began developing methods in sketching, 
making models and prototypes in paper, foam, and clay as well as 
experiencing prototypes with interactive technology. The education was 
focused on a user-driven design process, various forms of participatory 
design, and close collaborations with industry (Clark, 2006, 2008). 

In both these educational institutions, aesthetic ability is considered 
fundamental. Formstudies in all materials as well as the digital are part 
of the education, which is based on a studio setting where each student 
has her workplace. In education and practice, these forms of evaluation 
and apprenticeship are fundamental. Koskinen and colleagues point 
out that obtaining a PhD has become an entry criterion for teaching 
positions (Koskinen et al.,). Design has been like art, taught by masters to 
apprentices and ‘the apprenticeship model has guaranteed that designers 
have sensitivities that are very difficult to put in words. To maintain 
these sensitivities, professors of the future need design skills, and one way 
to maintain these skills is to bring design into the middle of research.’

Artistic Practice
Similar to design and architecture, artistic practice in music has structures 
for developing aesthetic sensitivities as well as artistic professionalism. 
Hinrich Sachs explains that, within the everyday professional life of a 
practicing artist, skills and individual expression are developed through 
oral assessments ‘that allow for immediate response’ (Acts of Creation; Thoughts 
on Artistic Research Supervision, 2015). A structure of individual lessons, group 
lessons, weekly artistic rehearsals, master classes, and concerts are all 
important parts of the education that aims to develop students’ skills in 
grasping the gestalt and acting as a professional artist. The assessment 
remains embedded in both the contextual and personal frameworks of 
perception and interpretation of the artist. I carry with me the methods 
of felt inquiry and performance from my artistic practice in music, and 
some of these methods are in many ways similar to how designers work: 
a designer’s judgement, or sensitivity and critique is made through the 
dialogues and conversations between colleagues, critics, the teacher, and 
the student. In design, architecture, and music education and practice, 
these forms of evaluation and apprenticeship are fundamental. 
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Blending Methods
In spite of the similarities, it was difficult to understand how I would 
be able to use my musical expertise in design research, but eventually 
I began to identify my research with the field of aesthetic, artistic 
research and reflect more deeply on my expertise as a classical viola 
chamber-musician. The art/design research network of Professor Cheryl 
Akner Koler brought me in touch with the world of culinary arts and 
art-based multidisciplinary methods. My reflection enabled me to start 
articulating the differences in how felt time is shaped in the practices 
of music, culinary art, and the interaction gestalt. My methodology 
may be described as blending my long-term embodied knowledge from 
artistic music practice with interaction-design research as well as 
artistic methods used as a connoisseur in Sourdough Baking. This blend 
certainly did not make my research less complex, and I have worked to 
tie my backgrounds together. On the one hand, interaction design seeks 
to imagine the artificial with user focus and aims for solutions while, 
on the other hand, artistic (explorations and) pursuit of reflecting upon, 
composing, and interpreting experiences builds opportunities that are 
more open and ‘subjective’ (Cross, 1999). In artistic research a central notion 
is that the individual artists entering a PhD programme are considered 
to be the owners of and responsible for the most crucial research asset 
themselves; their own artistry (Acts of Creation; Thoughts on Artistic Research 
Supervision, 2015). Artistic researchers are expected to bring a combination 
of knowledge and creative agency with them in their field of expertise: 
the capacity of individuals to act, for example in music, with music, and 
through music, in music-making situations. Each of my explorations 
is probing unknown possibilities. While they have their own processes, 
however, they still manage to make sense in relation to each other as 
they weave an understanding of felt time together. 

The researcher’s role is different from the role of the design 
researcher in that in the latter case the personal artistic practice is the 
basis for the work. In my case, it is here that the blend is critical: I am 
researching with a sense of ambivalence when working with ways of 
knowing as ‘practicalities’ (Cross, 1999) and ways of knowing reflected 
through my artistic capacity. I do not know if I have found a balance, or 
whether it is possible to find the right one, but my way of balancing was 
by moving towards basic research (without thinking about my design 
experiments as products with fully-fledged functions, features, and 

usability), where I focused on how aesthetics of the temporal can build 
a foundation for how we can treat felt time in interaction-design research. 

Helga Nowotny (Foreword to: The Routledge companion to research in the arts, 2010) 
points to what is the drive of all research, namely an innovative pulse, 
curiosity and imagination as the main driving forces of motivation:

They share the creative impulse and their main driving forces 
of motivation: curiosity and imagination. They thrive — and 
continuously struggle — in the zone of uncertainty where what 
is yet to be explored is at home. Uncertainty is therefore inherent 
in scientific research and in the artistic production of new 
knowledge alike. 

A fundamental difference between science and design, however, 
is the approach, that is, design is concerned with how things ought to be 
(Simon, 1996).

Basic Design Research 
My initial research in Affective Health led me to start to formulate 

an area for exploration and objectives for my research. After that, my 
research went from being ‘clinical’ research in Buchanan’s terminology 
towards basic design research (Buchanan, 2001). Buchanan distinguishes 
between clinical, applied and basic design research. In clinical research 
knowledge is applied to one specific case. In applied research, knowledge 
is applied to a class of cases. In basic research the application is secondary. 
Thus, the research presented here does not intend to produce solutions, 
but to help explore the space in which successful design can operate. 

Design Research and Judgement 
There is no common understanding of how interaction design 

and design research should be defined, but the core of interaction design 
has been said to be about shaping digital artefacts (products, services, 
space) with special focus on the quality of the user experience. Unlike HCI 
it is considered an aesthetic discipline with the ultimate goal of creating 
something new, to change systems and experiences for the better (Buchanan, 
2001; Fallman & Stolterman, 2010). Originating from software engineering and 
cognitive science with strong scientific traditions (Bödker, 2006), HCI, has 
traditionally focused on the usability and usefulness of digital products 
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and services in predominately work-oriented situations. The focus has 
mostly been on the performance of the individual user. 

The design-oriented tradition is a combination of graphic design, 
industrial design, artistic practice, and architecture, which increasingly 
incorporate digital and interactive materials into their practices. 
Zimmerman and colleagues (Zimmerman et al., 2007) as well as several other 
authors in the field (Höök & Löwgren, 2012; Löwgren & Stolterman, 2004) have been 
investigating how a designerly approach can be of value to HCI and 
interaction-design projects. They show that, by engaging in Research 
through Design (RtD), the designing researcher tends to tackle and relate 
research issues differently than a non-designing researcher does. RtD, 
described by Frayling, is ‘a particular way of thinking and a particular 
approach to knowledge, which pursue understanding certain things that 
exist outside design’ (Frayling, 1993; Frayling, 2015). The picture of RtD sketched 
out by Frayling in a working paper in 1993, has been criticised for being 
vague and unclear with too few guidelines on how to proceed (Wolfgang 
Jonas in Koskinen et al., 2011). RtD has, however, invited various interpretations 
and valuable discussions concerning the ambiguity of combining design 
and research. The heart of RtD is considered to be the practical design 
examples from which the theory is created (Gaver, 2012). RtD is typically 
a form of research in which design practice embodies the designer’s 
judgement on how she should tackle the opportunities and problems 
such situations pose in the resulting design. The result of the work forms 
the basis for reflections, which creates opportunities to formulate a series 
of pragmatic, procedural, topical, and conceptual insights. Koskinen and 
colleagues (2011), who present a ‘bird’s eye perspective’ on design research, 
have attempted to define the area of RtD and its rich body of work further. 
They suggest ‘constructive design research’, referred to as CDR, as a new 
emerging name for RtD. They consider CDR as building mainly on the 
overlapping fields of industrial-design and interaction-design. Both 
industrial- and interaction-design have evolved to deal increasingly with 
problems familiar to the other, that is, industrial-design uses information 
technology and interaction-design deals with industrial-design problems 
when information technology moves out into our environment. 

The particular way of thinking that Frayling addressed is the 
richness and openness that art- based designers use when exploring 
complex questions through materialized discussions (Cross, 2011; Schön, 
1983). Schön carried out a series of studies of professional practice, one 

of whichwas the situation of an experienced designer tutoring a student 
at architecture school (ibid.). He describes this knowledge of practice as 
‘reflective conversations with the situation’ and gives a clear and sensitive 
account of a typical example of designing. Schön describes the reflective 
conversation with the materials of a design situation as characterised 
by the question ‘what if ?’, which helps the designer unfold a territory 
of imagined possibilities that she may sketch in order to make relevant 
decisions. According to Schön, the knowledge resides in the processes of 
the activity, discussions, tactics, strategies, and tools used for designing. 

In design practice, decisions are made in a complex weave of 
experience and practice that supports the designer in using judgment 
and intuition as precise, embodied, intellectual tools in the particular 
situation and for the particular purpose. This process is, of course, 
extremely difficult and puts a lot of pressure on the designer; that 
is why design value is trained through specific aesthetic and ethical 
structures in the design education. Through concrete 3-D models, probes, 
prototypes and aesthetic reasoning, design researchers capture aspects 
of problems and phenomena that we otherwise would not have imagined. 
No verbal discussion, text or image has the same knowledge-generating 
effect (Akner Koler, 2006; Mattelmäki, 2006). The outcomes generally come as rich, 
grounded, impactful contributions either in the form of concrete design 
artefacts or through conceptual insights (Löwgren & Stolterman, 2004; Nelson & 
Stolterman, 2003; Stolterman, 2008). Most design researchers agree that design 
practice is the vehicle of the research (Gaver, 2012). The designed artefact is 
not an end, but the use of it and the process of bringing it into being is 
a means of producing knowledge (Seago & Dunne, 1999; Ståhl, 2014). RtD is not 
just about objects but about how the designers alter their view of the 
issue at hand over time and how concrete objects or conceptual insights 
reflect these changes.

Placements
A placement is a malleable principle guided by the relevance of 

each process, which leads to a particular result. Placements is argued to 
be a significant tool in design thinking (Buchanan, 1992). In every process, 
the designer defines and redefines the problems and issues at hand 
continuously. This fact makes design an integrative discipline, that is, 
designers establish a principle of relevance based on the knowledge of 
the arts and sciences, and determine how this knowledge will be useful 
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in the design-thinking in a particular situation. The placement guides 
the designer’s efforts to gather all available information that supports 
how the result (product) is finally planned. Design is a ‘seamless’ 
discipline that is liable to varying interpretations from philosophy as 
well as practice. Sometimes this variation has led to confusion such that 
different disciplines that come into contact with design tend to look at 
it as an applied version of their own knowledge, methods, and principles 
(Buchanan, 1992). The designer does not need to reduce design to any of the 
other disciplines that are used. 

Design Exploration
In 2008, Fällman suggested a triangular model (Fallman, 2008) to 

define key concepts with basic conditions and tensions between different 
kinds of interaction-design research. Fällman describes design practice, 
design studies, and design exploration. His triangle developed from 
the research practiced at Umeå Insitute of Design. The three suggested 
concepts are meant to create the interface to industry, academia, 
and society-at-large. They are extremes and are not intended as rigid 
categorisations but a way to show the differences in traditions and 
perspectives. The practical methods and techniques employed in each of 
the three corners is not what distinguish them. Design practice is most 
similar to the practice as a designer performs outside the academy, with 
the difference, however, that they participate in design projects with 
an explicit research question in the back pocket or with a clear intent 
to form a question during play. Design judgment in this concept deals 
with a sensitivity to the situation, the ‘what if ’ area of possible paths 
for development (Schön, 1983). Design Studies most closely resembles 
traditional academic disciplines. In those design studies, the overall aim 
is to build an intellectual tradition within design, and to contribute to 
an accumulated body of knowledge.

Design Exploration is, according to Fällman, synthetic and 
proactive in nature. Here, the question ‘what if ?’ forms a basis for 
exploration. This kind of research almost always excels in what Schön 
calls ‘problem setting’ and Ehn ‘transcendence’ (Ehn, 1988). That is, to 
explore opportunities beyond current paradigms, whatever they may 
consist of, style, technology or economic frameworks. The research issue 
or agenda is this researcher’s client. Design research within this field is 
not driven by how the product fits into a market or the user’s needs, but Figure 6. Fällman’s triangle, with permission from Daniel Fällman
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rather it is a statement about what is possible, desirable or ideal (Fallman & 
Stolterman, 2010). It shows options and examples. It may also be intended to 
provoke and speculate critically about the current state of affairs (Dunne & 
Raby, 2013). Design exploration is a way to comment on a phenomenon by 
producing artefacts or experiences. In this way the design exploration 
clearly connects to the ideals of contemporary art and the interpretative 
attitude of many humanities disciplines. Design exploration can be 
driven by theory and ideals and, according to Fällman, provides a 
necessary space for the aesthetic concerns of interaction-design research. 

Validating and Articulating Design Knowledge
The validity of design research has been discussed widely, and, 

since the design community is still an immature part of the research 
community, there is not a fixed set of evaluation criteria (Gaver 2012). Höök 
and Löwgren (Höök & Löwgren, 2012) summarise three general academic 
criteria — contestable, defensible and substantive — as follows: 
‘Contestable means that the contribution proposes a position that not 
everyone in the academic community already believes. Defensible means 
that members of the community can accept the new position, given the 
arguments or evidence provided. Finally, a substantive contribution 
is one that is worth the time and effort of the researcher making it and 
community members engaging with it’ (ibid.). According to Fällman 
and Stolterman (Fallman & Stolterman, 2010), validity and reliability are 
two characteristics emphasised in discussions regarding the quality 
of research in a broad sense that judge whether you are ‘measuring’ 
or explaining what you claim to be measuring or explaining. These 
measurements, however, refer to the idea that two or more researchers 
studying the same phenomenon would come up with compatible results. 
Neither of these forms of quality measurements are applicable to research 
through design, since ‘it appears very unlikely that two design researchers 
would come up with the same outcome even in the improbable case that 
they are provided exactly equal settings, materials, tools, users, etc,’ (ibid.). 
One could even argue that ‘a specific quality and value of design research 
is its ‘unreliability’ and ‘invalidity’, manifested in creativity, innovation 
and different ways of seeing’. Fällman and Stolterman propose that each 
design-research activity has its own purpose and intended outcome and 
that rigour and relevance have to be defined and measured in relation 
to the intention and outcome of the activity. 

While this is valuable, less attention has been directed to describing 
the process by which artefacts are conceived and created. In her thesis 
(Ståhl, 2014), Anna Ståhl embraces this lack of attention by describing her 
knowledge contribution, as it is manifest in the process. She gives 
detailed excerpts from design processes, which are supposed to illustrate 
examples of judgments made in details and argues that every judgement 
in a design process represents a reflection, a way to reason where the 
sketch communicates whether the ideas are working or not. In this way 
the designer navigates through a landscape of reflection and evaluation 
where the result may be precise things that (might) work and where the 
empirical ‘proof ’ is the way the design was brought forward.

Suggestions have been presented on how the design community 
should agree on forms of practice, evaluation and outcome (Zimmerman et al., 
2010) in order to be able to inform HCI. Zimmermann and Forlizzi propose 
four criteria, or four lenses for evaluating an interaction-design research 
contribution: accounts of process, invention, relevance, and extensibility. 
Others consider these suggestions for agreement as an attempt to 
move towards a scientific approach (Gaver 2012, Bowers, 2012) and suggest 
annotations as a way of knowledge-articulation that would support the 
particularity and provisionality of design. Annotation means that, once 
a particular design is produced, it can be annotated with the values, 
concepts, and ideas that spurred its design, showing how each design is 
embedded in a complex web of inquiry into a theme, situation or specific 
problem. The opposition to formalisation of design research is important 
because claims about generalisation and validity of what prototyping 
means as knowledge contribution in RtD risk undermining the identity 
and strength of design research, namely its ‘non-repeatable, generalisable 
— or indeed falsifiable — nature’ (ibid.).

Several different ways of articulating design knowledge have 
been proposed. Interaction-design research can produce knowledge 
that ranges from ultimate particulars (Nelson & Stolterman, 2012) speculative 
possibilities (Dunne & Raby, 2013). Redström and collegues has developed the 
notion of program to frame design research (Binder & Redström, 2006; Koskinen et 
al., 2011). In addition, style schools or art movements (Gross 2013) can guide 
a range of design decisions for a novel design. Gross and colleagues take 
the concept of style from art theory and apply it to the experiential design 
of tangible interfaces in order to frame creativity in the design and use 
of novel interactions. The design space has been described as a suitable 
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work tool for design processes (Gaver, 2012; Westerlund, 2009). Westerlund states 
that within a space, knowledge concerning a question can be researched 
from multiple perspectives, with several methods and at shifting levels 
of abstraction. A design space is not a clearly defined area of investigation 
but a space towards which a researcher can point through the outcomes 
of the explorations. It creates a support for exploration, both practical 
as well as intellectual (ibid.). Through working with a space the design 
researcher or practitioner forms a direction for the research process, 
certifies intentions, and may begin to imagine situations in which the 
question at hand can be used or situated (ibid.). To be a space, however, 
it has to produce suggestions and examples that can be defined in 
various ways. 

The knowledge articulated through this thesis should be seen 
as a basis for discussion that points to a design space (Westerlund 2009, 
Gavera 2012). I build on what has been framed as intermediate knowledge 
(Höök & Löwgren, 2012) — that is, design concepts that can travel from one 
application to the next, from one domain to the other. I use the notion of 
aspects because it is sufficiently abstract to contribute to the repertoire 
that a designer has, helping to unfold a design space and provide ideas 
for how felt time could be explored and shaped in new interactive 
systems. Other examples of how to articulate intermediate knowledge are 
(Löwgren, 2013); patterns, experiential qualities, strong concepts, annotated 
portfolios, guidelines and heuristics, methods and tools or criticism. 
Gaver has proposed annotated portfolios as knowledge articulation and 
states that artefacts in design embody the theory of design, but the design 
theory has the important role of describing the rationale that created 
them (Gaver, 2011, 2012). Design theory, from this perspective, is to make 
accessible the process that comprises an artefact’s embodied theory, or 
gives dimensionality to its design space. Strong concepts was proposed 
as intermediate knowledge by Höök and Löwgren (2012), to describe ideas 
that can travel between many applications such as social navigation or 
seamfulness. Höök and Löwgren build on the Stolterman and Wiberg 
(Stolterman and Wiberg, 2010) discussion on ‘midway’ knowledge entities 
which are somewhere between concrete artefacts and theory. Midway 
knowledge is concerned with exploring alternatives to predominant 
research paradigms focusing on use situations and it brings together 
early findings from new concepts and artefacts. Patterns is an intemediate 
notion of knowledge originating from the pattern languages conceived 

by architect Christopher Alexander in the 1970’s (Alexander et al., 1977). It aims 
to bring out central ideas that describe particular artefacts (Borchers, 2000). 
Experiential qualities is another intermediate knowledge which concerns 
the feel of interaction with a system, either for parts of the system or the 
overall experience and which can serve as an orienting concept when 
designing new systems (Löwgren, 2007; Ståhl, Löwgren, & Höök, 2014). 

Contestable, Defensible and Substantive
I have examined the outcomes of my explorations through the 

empirical material that was produced and through reviewing related 
research. This process enabled me to articulate key aspects of felt time: 
outside clocktime, non-clocktime rhythms, resting and pausing in felt 
time, the resonance of felt rhythms, sensuous felt timers, plasticity and 
transformation. The contribution of my research propose a position that 
has been developed while engaging in extensive literature reviews, which 
are documented in the background chapter as well as in the papers. 
I present a knowledge that can be applied elsewhere to support critical 
reflection as well as inspire approaches to reflect upon the ways designers 
(and possibly other fields of practice and research) use felt time in 
designing future systems, artefacts, places, and services. The collection 
of aspects has to be interpreted and used with designerly and aesthetic 
sensitivity and judgement. They would then, be used similarly to the way 
we do it in music practice — where aspects, concepts or words have to 
be practiced and sensed to make meaning. They are provisional tools to 
develop techniques and language in particular situations in interaction-
design research. Through these aspects, I strive to describe aesthetic 
values, similarly to how a musical vocabulary works. In adition, I have 
made a considerable effort to describe my research processes. These 
reports may provide inspiration for other designers in their research. 
They make my process transparent and open to critique in line with 
what Forlizzi and colleagues (2008) refer to as a process. 

Exploration Methods

My Role as Researcher
To be a musician means being embodied with the instrument 

and the sounds and tones that you produce, but, at the same time, you 
have to distance yourself, move out of the musical space to be able to 
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listen. It is a difficult task to listen to oneself and your fellow musicians 
while at the same time playing and performing the music. I recognize the 
same situation in my role as a design researcher. In my research, I have 
chosen to actively participate in my workshops because it was important 
to experience the same things and become defamiliarised and sensitized 
with the participants. However, it is a difficult balance to be a participant 
and entangled in the exploration and at the same time to create a distance 
and have a critical viewpoint. 

Collecting and Analyzing the Empirical Material
The empirical material presented in this research stems from 

notes and sketches, video- and sound-recordings, photos, discussions 
and conversations. What was important in my research was how the 
participants and users developed their discussions and their meaning-
making as a result of the interaction or the ongoing event. When 
examining each exploration process and the outcomes, I continuously 
returned to the videos, recordings and photographs from the interviews 
and workshops to further complement the material. 

Affective Health was a large project involving many people, and 
there were several different cycles of analysing the empirical material. The 
process produced sketches, notes, video documentation from workshops, 
lo-fi prototyping and user-testing. User-studies lasted from a few hours 
to several weeks with groups of users and stakeholders who tested fully 
functioning prototypes. One of the main field trials was a month-long 
usage period with four users. This user-test and the following qualitative 
interviews were conducted by Johanna Mercurio and have been analysed 
in different phases and for different purposes. This test grounded my final 
examination of time in the spiral prototype in Affective Health (Ståhl et al., 
2011). The outcome is presented in chapter 4 and papers 1, 2 and 3.

The material from Sourdough Baking consisted of recorded 
sessions, video, photos, notes, and sketches. During the A-Lab, even I 
was participating while taking photographs and recording the sounds of 
discussions and activities. Katarina Eismann video-documented them. 
The material consisted of approximately five hours of recorded sounds 
and roughly five hours of video recordings. Right after Sourdough Baking, 
I made quick, ‘naïve’ interpretations in the form of a range of short videos 
clips. In a second analysis, I worked to tease out how this could be a viable 
path for imagining and shaping felt time in interaction-design research. 

After that, I left the analysis process for about a year and a half to work on 
another research project, Delete by Haiku, which is mentioned as related 
research in this thesis (Simbelis et al., 2016). I also had maternity leave with 
Lars, my third child. When I got back, I revisited the material again to see 
how the outcomes could transfer into interaction design. 

After discussions with Professor Kristina Höök, I decided to 
invite researchers and designers to explore where the results from the 
Sourdough Baking A-Lab might lead us with interactive technology. 
In discussions with Kristina Höök, my main supervisor, and Anna 
Ståhl, who later on was asked to be co-supervisor, I started planning 
the design of the BodyTimeTech workshop. The documentation from 
BodyTimeTech filled approximately 63 hours of video. In addition, I made 
about 16 hours of sound recordings and a large number of photos were 
taken. The analysis was first made as a summary report on the process 
that I shared with all the participants. In the second step of the analysis, 
I discussed both Sourdough Baking and BodyTimeTech with Cheryl 
Akner Koler and Kristina Höök, articulating some of the paths that could 
tie aesthetics of felt-time in Sourdough Baking and interaction design 
together. Finally, I conducted a last analysis in which I immersed myself 
in the material again. This is the analysis that feeds into the writing of 
this thesis and paper 5.

In both Sourdough Baking and BodyTimeTech, I engaged 
people who took care of the film and photographic documentation. I 
collaborated with Katarina Eisman in planning and making the artistic 
film editing and documentation. Throughout the BodyTimeTech 
workshop process, a team of an interviewer (Johanna Mercurio) and a 
photographer (Sophie Kürth-Landwehr) collected material from the 
ongoing groupwork. Although I was careful in planning how this was 
done, it was clear that my perspective on the question was difficult 
to catch. Thus, the created images, films, recordings, and interviews 
were framed by the sensitivities and interests of the people doing 
the documentation: people who had not been part of the concept-
development or aware of the sensitivities I have for my research. 
I could see when I analysed some results that parts that I had wanted 
to investigate further simply did not appear. On the other hand, the 
material sometimes caught information such as movements, images, 
and parts of the exploration that I myself might never have thought to 
document. One cannot say what balance of participation is the right one. 
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In my case, however, I am sure that in both cases (Sourdough Baking 
and BodyTimeTech) I could closely follow what happened. By being 
involved myself and experiencing the same things as the participants, I 
was sensitised to the question but also guided to follow the exploration 
process that I had designed, driven by the intentions of my research and 
in collaboration with others. 

As a result of the previous studies, I decided, in discussions with 
Kristina Höök, to explore shapes of Rhythm in more detail through the 
project Rhythm Poetry. The mobile application was built as a probe to 
explore what kinds of experiences different design choices could afford. 
This project was about ten-weeks long in the first phase, and the final 
tests and analysis continued after that. During the iterative process, I 
continuously made encounters with users. I also collected spontaneous 
feedback during the process from colleagues, friends, family, and visitors 
at exhibitions. In total, I conducted seven interviews of one-to -two hours 
with different users and different versions of the system. The final three 
main interviews collected around eight hours of recorded discussions, 
clapping, and talking. I filmed, recorded, and photographed the sessions. 
The longer interviews supported my emerging interpretation of the 
exploration. The outcome is presented in chapter 7 and paper 4. 

Summary of Approach
My methodology may be described as blending my long-term, embodied 
knowledge from artistic music practice with interaction-design research 
as well as artistic methods used by others, such as a connoisseur in 
Sourdough Baking. My initial research went from being ‘clinical’ research 
in Buchanan’s terminology towards basic design research (Buchanan, 
2001). In basic research, the application is secondary. The reasoning 
does not aim to reduce the complexity of temporal experience, and it is 
characterised by explorations in which different materials, activities, and 
artefacts are bound together to create a greater whole with a nuanced 
and sensitive understanding of the research question. My approach to 
interaction-design research is explorative, but is based on designerly 
thinking. Design Exploration (Fallman, 2008) is a way to comment on a 
phenomenon by producing artefacts or experiences, and it creates a space 
for interaction-design researchers to acknowledge and take seriously the 
issues of aesthetics. I have examined the outcomes of my explorations 
through the empirical material that was produced and through reviewing 

related research. This process has enabled me to articulate key aspects of 
felt time. They point to a space where designers can playfully explore the 
sense of felt time that materials and interactive systems can deliver.



4 
Affective Health
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Biofeedback Data for Self Reflection
The Affective Health system was a research project in which we 
investigated whether we could use biosensor output to create an 
interactive visual 

  display of information 
through which people could reflect upon their lifestyles and behaviour. 
Our aim was to reveal our choice of biofeedback data in a way that would 
enable and inspire a dialogue between users and the visualisations 
portraying their own bodies’ reactions and movements. In this way, they 
could have a dialogue with their own data, discovering rhythms of rest 
and activity, excitement and calmness over time, and then relate these to 
their idea of themselves and their lives. 

Background 
Affective Health has its roots several years back in time within 

Human Computer Interaction. Thoughts on working with emotion in 
HCI, ICT (information and communications technology) and intelligence 
user interfaces were brand new and controversial in the 90’s. Picard 
introduced affective computing that explored how emotions could be 
recorded, loaded, and used as information. Later Boehner (Boehner et al., 2005) 
introduced Affective Interaction, which showed an alternative perspective 
by building systems that were prepared to support users’ physical 
expressions of emotional processes. This view was developed into a 
research programme on interactional empowerment (Höök et al., 2008) in 
which the possibilities of using the body to express emotions were 
explored. The goal was to support people in understanding and 
experiencing their own expressions subjectively, be it bodily data or other 
kinds of data. The first project in this programme was Emoto and the 
second project Affective Diary (Ståhl et al., 2009). Affective Diary was the 
preceding project and inspiration for initiating Affective Health. The 
Affective Health visualisation showed the heartbeats, arousal and 
movement in real time, which meant that the users could get immediate 
feedback on their efforts. With Affective Health we managed to create a 
feedback loop (Höök, 2009) with the help of reasonably reliable biosensors 

fig. 7, see p.102

and biofeedback data visualised on a mobile phone display. Affective 
Health was developed by a multidisciplinary team (Ferreira et al., 2008; Sanches 
et al., 2010), and we worked continuously with experiential qualities both as 
a generative and evaluation tools 

    in the project (Löwgren, 
2007; Ståhl et al., 2011). In Affective Health, we used biosensor technology to 
collect some aspects of users’ arousal through GSR (Galvanic Skin Response), 
which can be connected to peaks in stress experiences; we collected 
users’ pulse through a heart-rate sensor since prolonged increases in 
pulse may also indicate stressful experiences. Finally, to help users 
distinguish stress from normal physical activity, we measured movement 
through triaxial accelerometers. Biosensors attached to users’ bodies 
collected the data, which was then sent to a mobile phone via Bluetooth. 
Colours had been specified when I entered the project, as had the design 
of the hardware. We considered using documentary information as well 
such as photos and notes but decided to focus our work on exploring how 
users would be able to understand the visualisation through their own 
bodily data. 

 
When thinking about the stories I’ve heard about pedometers 
and suchlike, they all seem to have this problem: you get an 
external representation of your bodily processes (how much 
you’ve moved) that makes you start seeing your body as something 
detached from yourself. As an instrument that you (your mind) 
can use to achieve certain goals or tasks, but not as your own lived 
experience. It becomes more important to take 10,000 steps per 
day than to experience yourself and how good it feels to walk. You 
start watching yourself from the outside. Your relationship to your 
body becomes that of goal-setting to control it, to make it work 
perfectly, as a machine. (Kristina Höök, Mobile Life Centre 2010)

The role of the user in Affective Health was then to interpret and 
enact the image of their biofeedback data, basically signals from some 
of their own bodily reactions and changes, in ways that were evocative 

fig. 8, see p.102
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of more nuanced senses of body, time, space, and more generally 
‘beingness’. My particular part in the Affective Health project consisted of 
designing a mobile interface that showed the user’s biofeedback data.

Clocktime and Human Temporality 
In both commercial and academic research looking at biofeedback data, 
products and services are developed that aim to help us deal with lifelong 
diseases, optimize our training, indicate stress, measure sleep, and count 
our steps. Many of these products treat the way we understand ourselves 
as if people work in a linear and predictable way. They measure the time 
we use running a particular distance or our heartbeats per minutes, often 
without regard to our unceasingly changing felt experiences. 

This approach means that the products proposed appear to 
suggest that the point of seeing ourselves through biodata is to measure 
and optimize our resources and deliverables. With Affective Health, we 
set out to investigate how to support users in making sense of the 
relationship between their own experiences of stress and their behaviour 
in everyday life (Lazarus & Folkman, 1984). My work was to outline how the 
three different sources of biofeedback data could relate to each other so 
that the users (so to speak) could better understand themselves and their 
‘music’. 

 I kept asking myself what design would 
‘feel’ most like a whole, a unity between all the different parts that make 
up our everyday experiences.

Visualising Beingness
People often relate their shifting individual needs and emotions 

regarding clocktime rather than what we might say are our essential 
wishes for rest, food, play or other felt rhythms of our existences. Today’s 
individuals need to ‘use’ time and plan time as a product that supports 
efficiency at work and synchronization with other people. This idea 
might often be a good thing, but it is also urgent to consider people’s 
own movements and changes in time that are shaped and lived in 
rhythms outside clocktime. People’s different cultural backgrounds and 

fig. 9, see p.102

their different physiological and psychological composition give them 
different perceptions and associations of time. Our experience of time is 
elastic and closely connected to our emotional state, bodily rhythms, and 
our memory. Affective Health was intended to support people to learn to 
listen to, and, to some extent, follow their own felt demands that might 
be unsynchronized with the hours, years, and weekly cycles that we are 
organized around in our society. 

Sketching Biofeedback Data Through Time 
I intended to visualise people’s felt temporalitites in real time and 

through history so that it could be listened to (interpreted and acted 
upon). There was no obvious way, however, of transforming users’ unique, 
fluent and pulsating sensations of themselves. While all people are 
unique and experience things from their own perspective, in the work of 
Affective Health we had to reduce and simplify people’s behaviour and 
bodily reactions not just through the three indexes — heartrate, arousal 
and movement — but into a representation on a mobile phone, a small, 
handheld screen. My design had to offer simplified pictures, but these 
needed to evoke a response in turn on the part of the user. Throughout the 
process, I became increasingly aware of the ways the biodata 
visualisations were tied to time and would affect people’s experiences of 
themselves. A heartrate transformed into colours would create a sense of 
the heartrate that was different from a visualisation of the heart as a 
one-dimensional number or line divided in even segments. The felt time 
that people have and that they feel within their bodies and which I aimed 
to express was alive and shifting. Their individual and changing 
movements and rhythms, however, were difficult to demonstrate through 
a flow of seconds, minutes and hours in a constant rhythm following one 
after another. I began sketching out alternatives. I sketched out the user’s 
data as shapes that grew. I sketched time as geographical places that grew 
with the time users spent there. There,  

    users were forced 
to watch themselves from a geographical perspective. How much time 
do I spend at, for example, work, home, in the forest or outside, and how 

fig. 10, see p.103
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does the biofeedback change? (e.g., do I become more relaxed at work if I 
spend more time in the forest?).

I sketched different movements and colours in various ways to 
users’ bodily reactions smoothly shifting over time. I sketched lines and 
points, spirals and circles. 

Some ideas were brought further and some not. Some lacked 
fluency, others evoked associations that did not relate to revealing the 
user’s own bodily self. I also sketched alternatives in which I removed 
indications of clocktime, 

   to make it less 
dominant in the visualisation. The sketching was continuously ongoing, 
while I searched for ideas 

       and solutions 
to how to design people’s data over time avoiding a metric and clocklike 
representation. The discussions in the research team grew with the 
growing pile of sketches and user feedback. Our discussions were tentative 
and drifting and developed towards a desire to express bodily temporal 
experience as mouldable and as something that exists outside clocktime. 

Interpreting Time
When making sense of the Affective Health visualisations, 

clocktime came to play an important reference point for the users. 
When they re-imagined situations, places and reactions based on the 
Affective Health visualisation, they had to have some help to relate the 
past data in Affective Health to their memories of different situations. 
Clocktime was what they used for organizing themselves in relation to 
others, remembering past events and formulating future plans, thus, 
also to connect the biodata to events in their lives. It was not strange, the 
perplexity they felt when I presented iterations where I erased their time 
measurement: clocktime.

fig. 11, see p.103
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Nevertheless, clocktime had restrictions. The lack of possibilities 
to show experiences, events and changes with different senses of time as, 
for example, long, short, thick or stretched was one. With this came the 
restriction to sense that they could affect their own experience of time. 
One hour during a stressful Monday morning might feel much more 
intense and short than one hour Sunday morning, enjoying breakfast and 
the newspaper. In addition, an extremely important moment might be 
extremely small, and thus might disappear in the flow with even ticking 
seconds, minutes and hours. Now, we had to consider the problem of 
interpretation: who would judge the data to have a particular 
importance? For example, people often assume that an intense activity is 
more likely to be important and therefore remembered. Based on this 
assumption, situations could be illustrated 

      differently, that 
is, to cut down periods in which there are no significant fluctuations in 
the signal recorded from the sensors and expand those that suggest an 
intense activity. 
 This idea was tempting, offering an alternative for subjective 
time, but may lead to errors in our perception of time and creation of 
reality. From a wellbeing and lifestyle-evaluation point of view, it was 
also important to show that there are moments of low energy during a 
stressful work life, which might help a person reflect upon how to accept 
and care for those moments. The biosensor signals and the visualisations 
were to some extent interpreted and transformed by us, the researchers, 
but there was a limit to how much we could interfere with the data. The 
users’ interpretations were the ones that mattered; we needed to avoid 
interfering with them even as we tried to design the interface to the 
data to allow new readings. Thus, instead of trying to interpret users’ 
subjective sense of how time is passing, I sketched to transform their 
data, giving a sense of pulsating and resonating rhythms, movements and 
changes rather than a numerical measurement of their bodily reactions 
over time. 

Bearing these issues of the relation between human, felt time and 

fig. 12, see p.104
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clocktime in mind, I came up with a set of designs where people could 
follow their own way of moving, their heartrate and arousal through the 
rhythmic patterns on the display. In this work, I needed to manage and 
constrain my excitement of altering linear time and clocktime in my 
designs in order to provide users a sense of clocktime so that they would 
be able to relate Affective Health to events and changes in their lives. 
My excitement on the one hand and user’s need for a reference points in 
time on the other hand created a tension between felt time and clocktime 
within which I operated. To fulfill my desire and belief in designing new 
forms of time in relation to users’ need to be able to orient themselves in 
these new forms, I had to unfold the biofeedback data in timeframes that 
could give a sense of ‘normal’ time. 

While lo-fi user tests were made continuously, it was important 
to make fully functioning prototypes to examine the whole gestalt of the 
interactive system, the sense of sensors collecting inner rhythms and 
movements and displaying them as fluctuating shapes and colours on a 
mobile. The four concepts were implemented and tested with different 
biosensors and Bluetooth transmission. I will describe the ‘layers’ and, 
in particular, the first ‘spiral’ concept to explain the differences in the 
timeviews and what consequences they had for the users’ experiences of 
their felt temporalities. I will briefly describe the last two implemented 
prototypes, which were attempts to move on with some issues around 
treating time as plastic and applying more cycles to extend the time 
view. Altogether, these explorations point to aesthetics of felt time 
as a resource that designers can use to meet people’s desire in seeing 
themselves from new, evocative perspectives. 

Prototyping and Testing

‘What made me be here and be like this?’
The first design that we chose to implement, the layers concept, 

was inspired by the idea of leaves falling to the ground, gradually 
building layers 

  of historical data on the screen. In 
the implementation of this concept users could, as it were, scroll back in 

fig. 13, see p.105

layers of time segmented into standard units such as seconds, minutes, 
hours and weeks. Four users tried the system for a period of two days 
each. The users had problems sensing themselves in this manner of 
moving information in chunks of visualisations. Users reactions to this 
concept were for example: ‘I want to feel that I am a part of a happening, 
not only right now,’ and ‘what made me be here and be like this?’ 

We understood that the users needed a stronger sense of flow and 
a larger time view to create a meaningful dialogue with themselves 
through Affective Health. In this visualisation, 

       due to short 
cuts in the implementation, prior states were summarized into static 
segments representing one hour, minute or second of activity in each of 
them. This created a disrupted experience of the data. The timeview also 
turned out to be far too narrow since we found that users had problems 
comparing experiences they had on one occasion with experiences they 
had at another time. Thus aspects and qualities of time that were crucial 
to create a sense of wholeness and humanness, did not work out in 
this version. 

A Mixed Time Concept
Compared to the Layer interface, the spiral was more developed 

and had more functions and features. The data was tied to an 
Archimedean spiral, 

  which allowed several 
layers of cycles without distorting the size of the data as much as other 
alternatives. The users could choose time span; minutes, hours or days. 
To distinguish the three different bio-data indexes, the user could choose 
which mix to display: only the pulse, movement or arousal, or to display 
two of them together or to see all three of them together.

The idea of this design was to blend a sense of time as a 

fig. 13, see p.105

fig. 14, see p.105
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continuous, progressing flow of events and changes with a cyclic image 
of time. To afford a repetitive cyclic effect, I tied the data to a spiral where 
users could compare parallel cycles, for example Monday mornings with 
one-another. The biofeedback data was represented by fluctuating colours 
and shapes. The biofeedback data that we collected fed into the 
visualisation directly following the users’ reactions and the real time was 
shaped as a round shape 

   and placed in the centre of the 
spiral as a focal point with the past data travelling outwards. The arousal 
was represented by color fluctuations visualised as the background of 
the spiral. The pulse was represented by color fluctuations as well and 
it formed its own shape with a white contour line on top of the arousal. 
Depending on whether the user was moving or not, the thickness of 
the pulse shape increased or decreased, which meant that if the user 
was moving a lot the volume of the pulse shape became greater, and if 
the person was not moving or moving very little the pulse shape was 
decreasing. Users could zoom in and out to investigate the data even more 
or scroll the spiral backwards to venture into the past bodily data.

Linking Past Data to Events in Time
A particular design challenge was designing the ‘now’ in relation 

to looking at past biofeedback data. The real time feedback showed users’ 
shifting sensations, but this pulsating would somewhere evolve into 
a documentation of past sensations. When does something go from 
now to being a documentation of the past? I made several iterations of 
this transition and decided to create one real time view where data was 
continuously travelling outwards through the spiral. This view turned 
into a scrollable image of past data as soon as the user scrolled out of the 
realtime view. In the ‘past’ image, there was no motion. To return to the 
present visualisation, the user could double-click on the middle of the 
spiral and was thus returned to the real time view where they could watch 
their colours and shapes travel through the spiral. To strengthen their 
attention to felt rhythms and expressions in the display, I chose to make 
clocktime invisible as default. It only appeared and showed particular 

points in time if the user touched different locations in the spiral. In this 
way, the user’s primary experience was to see their bodily reactions, but 
the user could easily confirm what time and date it was by tapping on 
the display. Users also confirmed events with their calendars (and traces 
of communication such as e-mails) to be sure which kind of experience 
or reaction (like having lunch or sitting in front of the computer) the 
biodata was the source of on the display.

By linking biodata through the clock to the original situation, 
users could start thinking about themselves in different situations from a 
bodily perspective. It was not only the clock, however, that helped users 
relate Affective Health to different situations. Different combinations of 
biodata formed 

 particular patterns in the 
visualisation. One pattern could be to go up the staircase at work, which 
formed a specific short and enlarged deep red shape, which reappeared 
abruptly and at irregular times. Walking up the staircase was so clear 
that it created a focus point in time in one user’s interpretation. Each 
time the abrupt red shape appeared, she knew that she was going up the 
stairs at work and, in that way, she could orient herself in time around 
that specific situation. Another pattern was how the arousal shifted from 
red to green when one user was talking or being quiet. These excerpts 
from an interview with a test person (made by Johanna Mercurio and 
Marie Sjölinder) who used the Affective Health during a period of four 
weeks, shows another situation where the user could compare situations 
and sensations with help from the visualisation. The user interpreted the 
continuous movements and changes that happened in her body, and, by 
relating them to particular situations, she created a dialogue with herself 
where she reflected upon different kinds of stressful moments.

‘Redpurple arousal; then I am moving on. Then it has to 
be fast. Then I am stressed. I see the pulse only when I‘ve 
been moving, then it turns red. But here we have a funny 
story: I was on my way home from work quickly to fix my 
girlfriends dinner. They were to come to my place at 18. I 

fig. 15, see p.106
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have a huge hill from the trainstation to my house so I get 
a lot of pulse here and the pulse keeps on because now I’m 
home. But then I get going at home: now I will do food, 
potter and lay the table and all of a sudden it has shifted 
colors. That is, the pulse is high, which is super exciting, 
compared to my arousal. [the arousal was less red than 
the pulse] This is the only occasion that this variant has 
shown. I’m in the middle of something at home, it is 
another kind of stress where I know that, ye yeah I have 
a lot of things to do but I can do it. I know I have to work 
hard and then somewhere, the pulse goes up.’

The deep red colour of Affective Health shifted from expressing 
arousal to showing pulse. This shift was interpreted by this subject as 
two different situations of stress and bustle. The patterns of fluctuating 
colours and shapes in the interface inspired her to discern different 
emotional experiences. The spiral interface, while somewhat provocative, 
was well-received by most users. Some restrictions emerged, however, 
with the spiral visualisation: The number of cycles that we could fit into 
the small display was only three, which limited the range in time that 
the users could watch. The kind of spiral that we used, the Archimedean, 
also made it difficult for the users to know the direction of time in the 
interface. In addition, the biofeedback data was tied (time stamped) 
to metric segments of clocktime and did not change with users’ shifting 
experiences. In the following iterations, we tried variations to solve 
these issues. 

Elastic or Linear
The next version of Affective Health was a cyclic interface that 

was designed for a mobile display and a tablet. This version contained a 
larger number of cycles, and we further developed the ability for the users 
to remould the visualisation 

   based 
on their own sense of time. What we added to this was the idea of being 

fig. 16, see p.106 & 107

able to stretch or compress the duration of sequences of time in the 
interface. If the users’ biofeedback data felt as if it was large, then the user 
could influence this by expanding a chosen area of the visualisation in the 
spiral. By pinching a chosen time period, they could stretch or compress 
it. The idea seemd promising, but it created problems in reading and 
following the shapes shifting places on the display.

As soon as users began to tighten and compress time elements, 
all data in the visualisation shifted. To the users, watching everything 
in the interface starting to move and adjust itself was a confusing thing. 
If we had made those adjustments visible only around the spot where 
users were pinching it might have worked. However, using many layers 
of a spiral also created problems in orienting oneself in the interface. We 
decided to abandon the cyclic timeview and move on to the ‘Shell’, which 
was a spiral shaped linear timeview.

This interface concept was made during a first phase of 
commercialization. Moving back to tying the data to a linear flow of time 
travelling through the new spiral shape 

    was reducing the 
difficulties in building the interface. When letting go of cyclic timeframe, 
where the visibility of all cycles was not as important anymore, we could 
allow the spiral shape to show time direction through shifting size. We 
could also more easily integrate the real time with the rest of the data 
visualisation. While this last interface was simple and nice and solved 
issues of readability, the questions around the timeview as a part of 
designing for self-reflection was down prioritised. 

The Tension between Clocktime and Felt Time
My designs in Affective Health sought to transform felt movements (such 
as a heartbeats, patterns of movement changes and arousal fluctuations) 
from number representation to visual shapes that conveyed the same 
information; the biosensor numbers were designed to transform the 
users’ senses of heat (arousal), movement and heartbeats into fluctuating 
colours and shifting two-dimensional shapes. As illustrated through 

fig. 17, see p.107
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the account of the four versions above, throughout the exploration, 
the material produced and users’ reactions brought the process towards 
thinking about visualising biofeedback data as felt life in which the 
temporal was key. 

The outcome indicates the desire and the skills our users had to 
interpret and create meaning of the self through visualisations without 
exact measurements of how they moved, which pulse they had or what 
stress levels their bodies reached. It also showed how important their 
relationship was with their outside world in their reflection process. By 
looking at the resonating pattern of their data, they could, distinguish 
between different kinds of reactions, and they could recognize and re-
imagine their sense of themselves on the basis of the visualisation. The 
richness in their interpretations unfolded the resource that there is if one 
is to transform users’ shifting bodily rhythms through computer systems. 
While I strived to move outside the restrictions of the ticking clock, the 
users, however, could not interpret the visualisation without a reference 
point in time. It proved to be a difficult task to move beyond or away from 
the clocktime view that most users and we ourselves in the research team 
usually relate to and work with. In Affective Health, it had to do with 
biofeedback data tied to a temporal framework of first this, then this and 
then this event, as if time and the human body were simply machine-
like mechanisms. With clocktime, every aspect of a body is treated as 
similarly quantifiable and evenly ticking forward; all things in the body 
come to be clock-like. This notion of time, I came to realize, did not allow 
individual, local or intimately human experience to be expressed or felt. 
It seemed to me that clocktime, as design metaphor, did not support, 
but rather disrupted, the opportunity for expression that exists in all 
biofeedback data systems. This expression does not have to be displayed 
through clocktime: it can be designed in the fluctuating ways people read 
in and come to express themselves through their interactions with such 
systems. Coming to this realization in my work was not easy, however. 
During my work process, despite my attempts to sketch (and design) my 
way out of this tension, I felt trapped inside clocktime. I found it difficult 
to bridge the gap between the body and the technology used to make 
sense of it in ways that escaped time as something other than clock-like. 

By one attempt after another, however, at designing with the 
sensual and aesthetic aspects of biofeedback data, I gradually came to a 
deeper understanding of how people’s thoughts, how they feel and what 

they do affect people’s experience of time. I saw, the complexity in the 
design of interactive artefacts that aspire to mirror people’s beings. The 
self-image of Affective Health inspired users to find new ways to look 
upon their lives and bodily reactions. Despite this, my research was just 
one step forward toward a felt, non clocklike dialogue, since Affective 
Health displayed people’s beings on an external and purely visual 
screen. Through the research with Affective Health I stretched my own 
capacity in that I acquired a greater awareness and aesthetic skills in the 
complexity of temporal experience, but I was also provoked and inspired 
by the tension between my desire to shape felt time and the restrictions 
of clocktime. 

Insights
Time is one of the most powerful influences on our thoughts, feelings, 
and actions, yet we are usually quite unaware of the effect of time in 
our lives. People are living through time and the ways time is viewed by 
a community become part of people’s sense of time. The interpretation 
of the self, our reactions and behaviours, are closely linked to our way of 
using time. By making people interpret their experiences in relation to 
the way their own data was visualised through time, I wished to have an 
impact on how they conceptualised their behaviour in ways that were 
refreshing and evocative for them; that offered them a new aesthetic of 
their time, of what it means to be. I saw, however, that clocktime was 
a key element in the interface when users reasoned regarding themselves 
to define and create identity. The interpretations users made were linked 
to the clock, and it is no surprise that it was difficult for them to use the 
suggestions I had created without clocklike time indications, since we are 
in a way lulled in a numbing sense of familiarity of our clocktime culture. 
Designers are as well accustomed and well-trained in understanding and 
shaping time using even segments of clocktime as organizing structures. 

The Affective Health research showed how felt time helped 
users build relationships and a sense of themselves through connecting 
rhythms of their lives with rhythms from their bodies. These temporal 
patterns of resonating rhythms had felt reference points that were not 
always linked to clocktime but also not to their felt life of walking the 
stairs or having vivid discussions, hurrying up and being excited or 
angry. Affective Health points to the possibility to explore other kinds 
of interpretations of human temporality. It indicates how a reflection 
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through past experiences can be made through reference points outside 
clocktime such as sensual properties inherent to different movements, 
activities and processes. Through Affective Health, I learnt that there 
is a space to explore where we can meet users’ desire and knowledge of 
seeing themselves and their activities reflected through felt time. I saw 
a potential to design artefacts that allow users to interpret and create 
meaning from more provocative designs. I thought that there are 
possibilities to design with other scales and measurements of time 
than the clock, and, if we explore these, we can conceptualise new 
and evocative experiences of the temporal in future interactive systems 
and artefacts. Users can make meaning from metric graphs and numbers, 
but, Affective Health showed, that the way designers shape time in 
products, services and interactions could offer people a possibility of 
looking upon their lives from a richer temporal perspective. This means 
that if we could start thinking about designing time in interaction 
through various phenomena rather than expressing phenomena 
through clocktime, we might unfold new and unexpected perspectives 
on ourselves, on life and our digital artefacts.
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Figure 7. Affective Health concept

Figure 9. Raw biofeedback data readings in Affective Health

Figure 8. Jakob Tholander, Claus 
Weymann and Jarmo Laaksolahti, 
testing Affective Health sensor set-up

Figure 10. Sketch geographical perspective

Figure 11. Sketches on circles and 
a concept tied to places.
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Figure 11. Sketches on circles and 
a concept tied to places.

Figure 12. Sketch on the 
layers concept.

Figure 13. Layers concept; 
Sketch and implementation

Figure 14. The functions of shapes and colours in the spiral concept.
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Figure 15. Screenshots of Spiral concept

Figure 16. The many and elastic cycles concept.

Figure 17. The shell interface.
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In Affective Health, I found a tension and a division between clocktime 
and users’ unceasingly changing, felt temporal experiences. The data 
fed into the visuals in metric rhythms dictated by seconds, minutes and 
hours, which hindered the expressive possibilities of the biofeedback. 
Within the Affective Health project it was a difficult task for the design 
team to move beyond a metric view of time and imagine other scales, 
units and measurements that could form temporal experience. Our 
struggle demonstrates the need for reflective explorations into the 
shaping of felt time that go beyond the tick tock of clocks. 

Looking back at my own experiences in classical music, I saw how 
time is at once obvious and carefully treated and I thought interaction 
designers should be able to develop a similarly rich aesthetics of felt time 
in the interaction gestalt. I became convinced that we have to approach 
time through a sensitizing process and an explorative approach. That is to 
say, to recognize, make tangible and reason around different experiences 
of time as well as exercise the skills in giving it shape. In this way the 
aesthetics of felt time can begin to appear and eventually find their way 
into the final designed artefact experienced by users. It was important to 
learn from well-established practices deeply involved in felt time, and I 
decided to search for insights relating to this question through artistic 
practice. Music was obviously an artistic practice that I am familiar with, 
but through Cheryl Akner Koler who, at the time, was guest professor in 
Grythyttan School of Hospitality, Culinary Arts and Meal Science, I was 
acquainted with the aesthetic potentials of felt time in the procedures 
and materials in culinary arts. Many different practices can be brought 
into interaction-design inquiry in the way I did. Sourdough Baking 
was suitable here as it is a familiar practice with a mature and carefully 
shaped, time-dependant process. It involves a living material that is 
intimately connected to the movements of the baker, and it had a suitable 
timeframe for the workshop. Cheryl Akner Koler introduced me to 
Sebastien Boudet, a renowned culinary artist in Sourdough Baking and 
desserts (Boudet, 2012), who generously invited me into his practice. This 
activity perfectly fit my needs of engaging a group of multidisciplinary 
researchers and practitioners in exploring felt time. 

Sourdough Baking
In his book The French Baker (ibid.), Sebastien Boudet writes that it is 
fascinating that so many people bake bread in Sweden. Despite this fact, 

there are shortcomings in their knowledge about quality of materials 
and the ‘soul’ of the recipe. According to Sebastien, there is a widespread 
confusion regarding what methods and materials to use. Sebastien’s 
work points to the difference and tension between the Sourdough Baking 
process, which makes use of natural yeast microorganisms, and the 
baking process based on industrially-produced yeast. Sourdough Baking 
is a thousand-year-old tradition that is part of our everyday culture. 
Sourdough Baking is closely connected to a past culture, in that the 
starter, the microorganisms that promote the chemical process and the 
fermentation originate from previous baking. The starter, the baking 
‘system’, is carried forward in time through the Sourdough Baking 
technique and tradition. Thus, a baker’s bread may have been initiated 
from far back in time or from a particular point or place in time. 

I see parallel dilemmas in his struggle against efficiency and time 
obedience in baking, and the ways time is treated in interaction design. 
Clock time is practical. It divides our lives into hours, minutes and 
seconds, forming the temporal framework around our jointly-organized 
lives. Likewise, baking with industrially-produced yeast is expected to 
produce bread within a certain clocktime measurement that can fit into a 
strictly scheduled life. It proceeds fast, and we know what kind of result 
we get. The rhythm of work in Sourdough Baking is shaped to fit into the 
amount of bread that is going to be baked, but the changeable, inconstant 
ingredients and environment demand the baker to recreate the process 
every time the process is performed. This requires the baker to constantly 
exercise and improve baking skills. Thus, the Sourdough Baking 
timeframe is created again 

   and again in each baking 
process and the result (the taste and feel of the bread) depends on the 
baker’s craftsmanship and sense of time through the dough. This fact 
would have analogies, I hoped, that could point towards shaping felt time 
in interaction design.

Staging the Exploration
In order to use Sourdough Baking in a research context, the 

fig. 18, see p.130
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artistic method known as Aesthetic Laboration (A-Lab) was used. The 
idea of an A-lab is that participants engage in a phenomenon through a 
shared embodied experience. Laboration in this context was given the 
meaning: ‘Interactive, embodied experiment performed in a collective, 
where the participants are free to explore many different approaches 
within and beyond the broad interpretation of the intentions of 
the laboration as such’ (AknerKoler 2007). The approach emphasizes the 
importance of creating a playful setting that supports aesthetic exchange 
and reasoning between participants around a chosen phenomenon. In 
this setting, all participants should take part in the activities on their 
own levels and from their own point-of-view rather than trying to agree 
upon one common view. I invited twelve people from my network who 
were involved in temporality and embodied thinking through research, 
current projects or their profession. Most of the discussions took place 
in Swedish and I have translated them into English. My hope was that 
the A-Lab would reveal aesthetics of felt time, that is, how time is 
experienced through dough, how felt time is created and manipulated, 
and how it is reflected in the baking material and process.

I prepared myself by learning the basic practice of Sourdough 
Baking in a course 

  led by Sebastien Boudet at Petite 
France, the restaurant and bakery he founded in 2008. From the other 
students who were more experienced in baking than I was, I learnt that 
what was important for them was to learn the felt knowledge. The books 
and recipes were not enough. As one student said: 

The books can take me no further. I need to learn with 
my body. 

This statement was, in a sense, describing what I felt about 
shaping time in interaction design: the design tools, techniques, and 
vocabulary that I knew were limited when striving to grasp and transform 
the sense of time that interactive systems can deliver. To explore time by 
Sourdough Baking was to move out of my normal context as designer 

fig. 19, see p.130

and try to get to know what time can be from a new and somewhat 
unfamiliar perspective. This process could potentially enable the way that 
we treat time in interaction design to dissolve and feel strange. At the 
A-Lab, Sebastien Boudet introduced and guided us through one day of 
Sourdough Baking. This is to say that Sebastien functioned as a somatic 
connoisseur (Schiphorst 2011). Through his guidance, we gained access to his 
expertise as a culinary artist, trusting his deep internalized knowledge 
of what and how things can be done with the material at hand in order 
to create something aesthetically expressive. To prepare the A-Lab, an 
office space at Mobile Life Centre was carefully prepared to fit the activity. 
I removed stuff lying around, covered bookshelves with curtains and 
arranged three big tables. Placement cards were used on the tables in 
order to create a dynamic mix of people.

At each place, we arranged the ingredients Sebastien brought 
with him: piles of flour, 

   salt, and bowls with water. 
Participants were asked to wear aprons and head protection, as in 
the bakery. Shortly, the session started with me explaining the procedure 
and intention of the day, and after that introduction, we began with the 
first task: 

 blending. We proceeded by letting the dough 
rest a while before we continued with kneading the dough and finally 
forming it. These four different tasks belong to the first phase of Sourdough 
Baking. After that, the dough was ready for the last long fermentation. 
At the end of the exploration, everyone brought his or her piece of dough 
home for fermentation overnight to be baked in the oven the next day. 

From Clocktime to Felt Time
The lab was an intense experience in which we were embraced by the 
rhythm of the process and living material. Sebastien guided us through 

fig. 20, see p.131

fig. 21, see p.131
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Sourdough Baking tasks and, in this way, we got access to and could 
ourselves create a sort of baker’s bodily dialogue with time through the 
dough. We involved in the experience of touching and holding time, 
and engageing in a timeframe dictated by the process while developing 
materials, not by clocktime frameworks. We blended ingredients, 
kneaded the dough, left the dough to rest, pressed it, held on to it, 
stretched, pushed fingers into it or heard the sounds from thumping.

The dough showed us a felt sense of time, but it also brought 
forth a wide spectrum of personal reflections and emotions.

Time as Desired firmness
Sebastien Boudet has named his way of blending ’La Fontaine’ 

since he starts with a pile of flour, which forms the walls of a circular 
pool. ‘La Fontaine’ pool showed us where the ingredients should be 
poured and guided our movements. We carefully poured water, salt and 
starter into the pool and started moving one hand round and round in 
the milky liquid. The blending of the ingredients (flour, water, starter 
and salt) starts a chemical process: the ingredients reacted immediately 
and created a sticky paste with soggy sounds. Sebastien introduced the 
materials and the movements of blending that made the ingredients 
come together: 

Sebastien: We are not going to knead the bread, not work, 
we will only connect with the ingredients. It is important 
to make it [‘La Fontaine’] big enough and the borders 
even. Otherwise the water will break the flour wall and fall 
on your feet and the floor. I only use one hand, because 
when you reach a certain stage you are going to use a 
dough scraper to add the last flour and then you may also 
answer the phone if it rings. 

Little by little, our movements made the wall of flour fall into the 
pool and blend with the liquid. The layout of the ingredients, La Fontaine, 
worked as a plan for the choreography of our movements. The ingredients 
arranged as a pool formed a physical score that guided the rhythm, shape, 
speed and duration of work. While we were blending, we reasoned around 
the changing texture. The participants explored the way the texture of 
the ingredients changed with more or less water added. At one point one 

participant had a very firm and dry dough. Sebastien told her to add some 
water. After adding water, she moved her hands through the sticky and 
slimy paste. She squeezed and pressed it between her fingers, it hissed 
and splashed: 

Cheryl: Is it ok to play around 

    
      like this?

Sebastien: Yes yes. There is no wrong. At this stage it is 
very hardy.

At this stage, the dough was sticky and hardy, and the process 
was hardy as well. If the dough got too firm, we could easily reverse the 
state of the dough 

  by adding water and return 
to the sticky and slimy stage of blending.

Time in the baking process is just a matter of when the bread is 
being baked in the oven. During all the proceeding Sourdough Baking 
phases, it is possible to reverse or stop the process of time as a feature of 
the overall property by kneading, 

    mixing more water 
or flour or removing water to dry the dough. Once the bread is put in the 
oven, the baker burns the microorganisms and kills the temporal process 
in the dough. After the oven, all that remains is to eat the completely 
transformed dough, and taste the product of the process.

The blending encouraged a meditative mood, by moving 

fig. 22, see p.131

fig. 23, see p.133

fig. 24, see p.130
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attention from the self to the embodied experience of working the 
dough. One participant’s reaction to the blending task related to the 
emotional sense of being in touch with oneself through the dough. He 
seemed to feel as if the dough became a part of his own body, guiding 
his attention to his own movements together with the dough — not as 
separate entities. 

P 7: I connect this to my work where I talk a lot about 
focus. When we form the flour as a circle and pour the 
water into it and work it together, it means that I collect 
and focus my thoughts into one point. To focus oneself 
and not jump between tasks is very positive. Then we use 
our forces in a good way. It feels like a way of directing 
focus. It seems like we are more harmonic when we don’t 
get stuck in introversion. The dough works like an anchor 
outside of oneself. Not too far though. You need to be in 
contact with the dough.

Similarly, another participant, Maria, reflected upon the blending 
as something that helped her focus herself. She felt how the rhythmic 
movements in the process made her feel as if coming together as a whole:

Maria: I have a deadline which means I am mentally 
stuck and in a way I think to do something out of ….She 
continues: It is more rational to calm down, to move from 
frustration mode to flow mode. I don’t have to think… 
So that means it feels like your body and mind comes 
together by doing things [like baking] intuitively. 

She also experienced the rhythm of work and movements to make 
her tune in with the others:

That’s what I felt. It has to do with the guidance, too. 
Because he [Sebastien] guides you but you do it yourself. 
If I just had got instructions, I would have had to 
think rationally. Now I could go with it naturally. It is 
interesting that after sometime you feel that you are part 
of a bigger context. Because all [of us] are into it.

The working, sensing, and thinking with the ingredients seemed 
to give these participants a particular sense of felt time. Their sense 
of becoming one with the dough through rhythmically working gave 
a feeling of connecting the whole self. It had to do with connecting 
oneself through sensitively moving and thinking by performing the 
tasks. In comparison with Affective Health, the interaction with time in 
Sourdough Baking created a particular kind of feedback loop. We sensed 
time through our bodily dialogue with the dough, but we also, at the 
same time, manipulated and shaped how time developed through that 
dialogue. 

Through the Sourdough Baking, we could experience a timeframe 
dictated by the inherent time of the dough together with our activities. 
This was a framework beyond time ticked off by clocks and was created by 
something subjective and contextual: human time (movement gestures) 
in tune with the dough time (the shifting texture qualities of the dough) 
in a setting where shaping of time was in effect the task at hand. Time was 
moving, that is to say, through this framework with a goal: to bake good 
bread. The dough texture worked like a time reference that told us how far 
we had reached in the process as well as how much work there was left:

Sebastien: When you get to the right texture, a kind of 
bodytexture, then you stop pulling flour into the dough 
and to compare you put your apron on it and when you 
put your hand on it, it should feel like body. 

To sense time through the dough we placed our hands on 
the dough 

  to test the firmness. The firmness showed 
us the end of the blending task and the beginning of the next, the rest.

Inner and Exterior Rest 
The rest, or the autolysis, is an important chemical process, 

firming up the corpus of the dough. It refers to the destruction of a cell 
by its own enzymes, or ‘self-splitting’. This means that enzymes in flour 

fig. 25, see p.131
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(amylase and protease) begin to break down the starch and protein in 
the flour. The starch gets converted into sugar, and the protein gets 
reformed as gluten. When kneading later on, we try to do the same thing 
but when we knead dough, we also oxidize it (expose it to oxygen) and 
over-oxidized (or over-kneaded) dough results in bread that is pale and 
tasteless. By giving the blended dough time to go through autolysis on 
its own, we achieve the same result, but without any of the unpleasant 
effects of oxidation. Additionally, every little flour particle is given time to 
absorb moisture which helps develop a gluten structure.

The gluten structure makes the dough plastic and elastic so that it 
keeps the dough stuck together throughout the baking process. All this 
chemical activity, however, is an inner activity that we can’t immediately 
watch. The exterior rest is characterized by silence and stillness of the 
dough resting on the table, 

      but inside the dough, 
activity and turbulence rule. To feel the effect of the rest, that is, how 
the inner texture had developed, we stretched the dough. Sebastien 
demonstrated the increasing elasticity by stretching it into a semi 
transparent film:

Sebastien: You wait and pull and wait and pull… He 
continues to wait and pull a few times… and see now 
comes the sun through! You can see how I have gotten it 
really fine. One could think that I have already kneaded 
and that you could bake bread with this dough, but I 
haven’t kneaded it. I haven’t done anything. You see how 
time is working for me. A short rest and now you see. 
A baker saves electricity this way. Turn off the machine 
one hour; leave the dough to rest.

Cristin: It’s like skin

Maria: Soft…silicone skin. 

fig. 26, see p.132

Fredrik: It’s an alternative way to think about time. 
Passive time. To allow everyone to have their own process. 
Not only active time.

The stretched dough was strong and elastic when it was ready to 
move on to the next task, but collapsed into

      
              a perforated 
clump if it had not rested enough. The elasticity formed an estimation 
of time intrinsic to the process and the material. One participant tried to 
stretch the dough as much as possible. In this way, she was unfolding and 
playing with the expression of the inner rest: 

You Le: I was playing to see how big I can go. I have seen 
pork fat. And then they grow it. The texture looks like 
those. 

 Transparent lampshade.

Rest had inner and outer properties and rest was a process that 
enabled the dough to develop specficic qualities that made it elastic. 
Through the dough developing inner properties we could sense time in 
how it transformed from being fragile to elastic. The stretching evoked 
associations to other materials and contexts, but it also unfolded a 
felt imagery of time as big, thin or transparent and that it can develop 
particular felt properties. 

Time as Strong and Glutinous
The pieces of dough were soft and silently lying and waiting 

for us on the tables. The kneading was performed with large energetic 
movements. Kneading is important in order to make all ingredients blend 

fig. 27, see p.132 

fig. 27, see p.133
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properly but also to smash the proteins so that the gluten can develop. 
To knead, we tossed the dough up in the air and thumped it down hard 
against the table. We folded it, pulled it up, tossed it through the air, and 
thumped it down again. Repeatedly thumping of the dough towards the 
table changed the binding structure within the dough and it became 
smooth and strong. 

Sebastien: You throw it away but keep holding on to it.

We indulged in the rhythmic movement of work and this provoked 
shifting reflections upon time and temporality inherent to the process, 
and, as mentioned above by P7 and Maria, time in life. The dialogue with 
the dough was a two-way interaction in which the work was sometimes 
dictated by the dough, sometimes by the participant. One participant 
allowed himself to be overtaken by the kneading movement and dough, 
eventually trusting the materials to develop with the kneading.

Jakob: This was lovely. In the beginning, I was nervous. 
Will this work? But then when I noticed that it [the 
dough] kept together, it was allowable. Like, I will just go 
on until this will work so I can just continue. It will keep 
together.

To be embodied with the material and relaxed in the process, it 
was important to find harmony in our movements with the dough. That is 
to say, we had to find a rhythm of work for the dough to hit the table 
properly. In doing so, 

   we could perform 
the tasks and reflect simultaneously upon the temporality of the 
experience. Another participant, Anna, felt her anger expressed through 
the kneading movements with the dough, but at the same time she could 
compare the sensual experience of the texture to another completely 
different sensation: the silkysmooth sense of the dough surface recalled 
the memory of the soft cheek of her daughter:

fig. 28, see p.132

Anna: To me it was very pleasurable, since it was about 
my aggressive outburst. Because I could hit this dough 
and I felt as if I got the anger out. I enjoyed thumping the 
dough down into the table because I was angry. Later on, 
it turned into more meditative sensation. But the dough 
reminded me of my daughter’s little cheek.

To Anna, the rhythm of work affected her in ways that were 
paradoxical. She performed the kneading movements with anger, 
and the dough answered by becoming soft, tense and vulnerable. The 
dough followed her movements and changed according to them, but 
the emerging felt expression evoked a surprising sense of tenderness. 
Kneading was an aggressive movement, as this participant described 
it, but her rhythmic movement gesture produced a smooth and soft 
surface expression. To Anna, the interaction with dough reflected 
both aggression through her movement gesture, and tenderness when 
touching and holding on to the dough. After kneading, one participant 
described how she sensed time through the texture — a technique to 
estimate time through aesthetic sensitivity that had shown itself both in 
blending and resting:

You-Le: ‘I like the part where it feels a bit messy in the 
beginning, like, it grows and it’s sticky and slimy and 
stuchy and you don’t know when this is gonna get ready. 
But when it starts to dry and it starts to smoothen up, 
it kind of creates…’ She continues: and no one needs to 
really tell you that it is good, but you sort of feel that it’s 
the right texture. So when it starts to detach from your 
hand, starts to feel less disgusting, or less sticky or less 
slimy and when it starts to build. You feel that it’s the 
right thing.’ 

The participants navigated in time through the dough texture. 
The dynamic interplay allowed estimating and sensing time through the 
changing texture of the dough and the feeling of our bodies moving. The 
task, the kneading, made time evolve in certain ways and the rhythm of 
movements with the dough created an experience of being inside or part 
of the temporal process. In this way, the dough turned into an extension 
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of ourselves and we were embodied in the dough and the task, but this 
did not happen at once. There was a process to follow, and a ritual, in 
which Sebastien Boudet played an important role in sharing his expertise.

Time Rebounds 
The last task that we performed was the forming. We learnt that to 

get a beautiful loaf of bread it is important to put care into the forming. 
First, we had to give the dough a top and a bottom, direction, let’s say. 
Then we started forming 

   by gently folding the 
exterior into the inside through the bottom of the dough. We gently 
formed the dough to a forming rhythm: we had to wait and form and wait 
and form 

 to make it become tense and strong. The 
tension in the dough helps it keep its shape during the fermentation and 
the finally baking in the oven. When we had formed the dough, we could 
estimate the tension by pressing a finger into it and feeling the rebound. 
That is, 

 the surface returns to its original shape after 
someone pushes a finger deep into its surface. 

Sebastien demonstrated the forming carefully and explained the 
rhythm of forming and how sensitive the dough was at this stage:

Sebastien: …It’s sensitive and very tense because you have 
kneaded it so much earlier. Now you have to put force 
into the dough without making it crack. The dough has a 

fig. 29, see p.132

fig. 29, see p.132

fig. 29, see p.132

top and the bottom. You work; you let it rest. You work, 
and you let it rest. And if I want to have a nice long loaf of 
bread,

 I use my stomach. 

And he continues: 

It’s like when you hold a baby. There is a way of touching 
it that hurts and there is a way of touching it that feels 
good. 

 Like a body. 

The inherent life in the dough — the microorganisms — is 
manifold: it is about osmosis, autolysis, and splitting proteins. It is 
about the gluten structure and gas production for fermentation. It is 
a smart and mindful system, which adapts its performance to fit the 
baker’s activities and the changes in the environment, but, most of all, 
Sourdough Baking is to shape felt time. It is to treat and use time to 
get a desirable and expressive bread. 

Exploring Felt Time through a Living Material
In Sourdough Baking, we stepped out of clocktime to indulge and get 
sensitive to a time controlled by Sourdough Baking structures and 
measurements. We learnt ways to interpret and make meaning of time 
in a way that, instead of measuring size, tempo, number or weight, 
was about shaping and manipulating time to achieve an aesthetically 
desirable goal: an expressive loaf of bread with beautiful cuts in the 
crust that tastes delicious and has a juicy texture. This way of working 
sensually with time offered opportunities and openings to create and 
imagine how time actually behaves when we can hold on to it, when 

fig. 30, see p.133
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people physically manipulate things and textures that can express and 
also dictate our sense of time. 

Diverse artistic practices have developed their methods and 
approaches to shape, manipulate, and express time through different 
media. They apply time thoroughly in their procedures and practices, 
which then, lets them express what they want to say. The baker has a 
bodily dialogue with time to form the baking process; the dough speaks 
to that time management. One might say that I formulate my desired 
shape of the music by setting rhythm, pulse and tempo: by forming the 
patterns of time, melody and sound. The expression of the musical gestalt 
speaks to that time management. The interaction with time in Sourdough 
Baking can be described as managed through a feedback loop: time was 
shaped by our touch and movement gestures and those in turn affected 
the development of time in the different phases of the Sourdough Baking 
procedure. That is, the process was dependent on how we attended to the 
dough changes and how we shaped our interaction according to that. 
Whether it was the dough or the participant who was dictating time, the 
process was not set. Sometimes the dough dictated the work, sometimes 
the baker. For example, one participant allowed himself to be conducted 
by the kneading movement until a stage at which the dough was well 
blended and smooth. The rhythm of interaction constantly adjusted 
during the intense and embodied exchange of aesthetic information. 

This meant that we used particular techniques to estimate time 
in the process. To understand time in dough and baking, one technique 
was to compare the firmness of the dough to what it feels like to touch a 
human body. For example, one participant compared the silky smooth 
dough to the softness of her daughter’s cheek. Another way to estimate 
time was to stretch the dough when it was resting or the rebound of 
the dough after having formed it. These future aesthetic aspects of time 
were very specific in baking as they appeared through the material 
characteristics. Participants became sensitised to these and how 
demanding and essential it is to care for them. It taught us awareness 
of the aesthetics of felt time. It taught us to manage time through an 
interface with inner and exterior sensual properties which had their own 
life and temporal development. 

Insights
My goal with the A-Lab was to explore felt time by indulging in the 

procedure and materials of Sourdough Baking. Basically, Sourdough 
Baking consists of three ingredients: flour, water and salt plus the starter. 
In comparison to industrially produced yeast, this offers a tremendous 
amount of variation in texture, appearance and taste. Similarly, time 
experienced through our bodies, senses living materials and emotions, 
compared to clocktime, conveys a vast spectrum of temporal experiences. 
Thus, we can play with time as sensual and as something we can hold, 
touch use, and treat to reach a desired felt experience, as in baking 
bread or performing music. Designers can imagine time with volume, 
thickness, plasticity, tension or strength and as having inner and exterior 
properties. Designers can begin to play with the aesthetics of felt time to 
access a rich spectrum of dynamic expressions in the interaction gestalt. 
This experience could not be more different than using the visual senses 
to watch clocktime and for the mind to use clocktime conceptualisations 
to discipline the body — as seems so often the case in many mobile, body-
sensing applications. 

Looking at the ways we used felt expressions of time in 
Sourdough Baking, some aspects of time stood out as possible paths for 
further inquiry. I summarised them into four aspects: outside clocktime, 
rhythm, rest and felt timers. First, the process performed outside clocktime. 
Time in Sourdough Baking is dictated by the baker’s movements and the 
life of microorganisms within the dough. Secondly, the rhythm of the 
work was the most obvious form of time in Sourdough Baking. The clear 
rhythms of activities and rests in the process and the expressive rhythms 
in each task formed the temporal gestalt of baking. Rhythms were 
carefully crafted in each detail, and the pattern created from the interplay 
between the participants and the material made us become embodied 
with the process and the ingredients. 

Thirdly, Sebastien strongly emphasised the role of rest in baking, 
which is as important as the activities. The most prominent rest in 
Sourdough Baking has two characteristics: the exterior rest, which 
expresses silence and stillness, and the inner rest, which is characterised 
by the turbulent activity of the microorganisms. Compared to rest in 
Sourdough Baking, the pause in artistic music practice is a shape of time 
which carries the musical gestalt and that characterises the rhythm. A 
pause can be long, short, sustained, a full stop or uncertain, and it is 
controlled by the performer’s aesthetic awareness and skill. Without rest, 
the bread and also, from an everyday perspective with digital artefacts, 
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our lives turn into flat and stone-hard bread. We fill up space and we fill 
up time, but, without rest, we will not get complexity; we will not get to 
express the tensions and resolutions of time. Finally, time in Sourdough 
Baking is estimated through the baker’s aesthetic sensitivity: felt timers 
helped us to estimate time in the process through being embodied with 
the dough as opposed to how we use a clock timer that disregards when 
we enter into an intentional process that we need to pursue. 

However, it is not trivial to convert these insights on time into 
interaction design and shaping time with interactive materials. Thinking 
of how to make use in interaction design of what we have learned, it is 
important to know that materials and movements in Sourdough Baking 
are tied to a specific aesthetic temporal gestalt with a particular goal. 
There is a significant difference between the creation of time in artistic 
practice and interaction design. There is a shared methodological kinship 
between the way I shape time through my instrument, the viola, and the 
way Sebastien Boudet shapes time through the materials and process in 
his Sourdough Baking. We both have a limited number of variables to play 
with, and these are framed within a strong cultural tradition. We both 
express ourselves today, yet we are connected to roots in the past. We are 
aware of how others assess us because the conservatoire and the guild that 
preserves and transmits the traditions of craftsmanship, interpretation 
and performance practice are still active in the music and culinary culture 
of today. Despite these restraints, individuals are encouraged to develop 
their own vision and personal expression within the practice. 

In interaction design, a vast quantity of new materials is 
continuously being invented and developed. The interaction-design 
process and interactive technology are open and undefined, malleable 
to particular problems: in design activities such as explorations, 
experiments, and workshops in which there are no specific previously 
cultivated processes or materials. The designer shapes the placement of 
the exploration, decides which materials to use, and sets a goal in each 
situation. My question after Sourdough Baking was whether the findings 
could inform interaction-design research, which has a brief history and 
little tradition of craftsmanship compared with Sourdough Baking, in 
which tools and materials are limited. In the next phase of my research, I 
investigated how to abstract and articulate the different ways to sense and 
shape felt time, so that it could be passed on to articulate design knowledge 
and eventually become elements in concrete design products and services.



Figures



130 / 288 131/288

Figure 18. Sebastien Boudet teaching baking 
at Petite France.

Figure 19. Sebastien teaching 
Sourdough Baking at Petite France.

Figure 24. Participants blending. Video of blending: 
(https://vimeo.com/151139655)

Figure 20. The tables with piles of flour and 
placement cards.

Figure 21. The participant Christin gently 
touching the flour.

Figure 22. Cheryl is  squeezing the 
sticky paste while blending.

Figure 25. One participant is sensing if the dough is firm like a body
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Figure 26. Resting dough.

Figure 27. Stretching dough:  
dough collapsing. Video:  
(https://vimeo.com/188634096) 

Figure 28. Everyone is kneading.  Video:  
(https://vimeo.com/188295615)

Figure 29. Participant forming dough.

Figure 23. Water added re-creating a slimy stage 
of blending.

Figure 27. Stretching dough: left elastic dough. 
Video: (https://vimeo.com/188634096) 

Figure 30. Forming dough. Video:  
(https://vimeo.com/43610166)



6 
BodyTimeTech



6. BodyTimeTech136 / 288 137/288Exploring the Aesthetics of Felt Time

After a first cycle of analysing Sourdough Baking, I left the process for 
about a year and a half where I worked on another research project, Delete 
By Haiku, which is mentioned as related research in this thesis (Simbelis et 
al., 2016). I also had maternity leave with Lars, my third child. When I got 
back, I looked at how the insights from Sourdough Baking could transfer 
into interaction-design research. The difficulties in explaining how 
aesthetics of time in Sourdough Baking could be transferred revolved 
around how to bring it from a context where it is deeply embodied- and 
culturally-grounded. There was a risk that the richness of aesthetic 
experience when interacting with the living material in baking would 
get lost in translation. I had to sensitively move them from the context of 
Sourdough Baking into other situations involving interactive technology. 
I decided to bring the four aspects that I had found most prominent in 
Sourdough Baking into a discursive and practice-based exploration with 
interactive technology and to let participants choose how to illustrate 
the transition. 

Shortly, the aspects revolved around ways that we can shape time 
outside clocktime, the rhythms that can make us feel embodied with the 
process and the materials, rest as a fundamental part of those rhythms 
and how we can use aesthetic sensitivity to estimate time, that is, felt 
timers. During BodyTimeTech workshop, one aspect that I had chosen not 
to bring from Sourdough Baking claimed its space and that was how our 
experience of time in interaction can be made mouldable by treating it as 
plastic. The goal was not to provide clear-cut solutions on how to design 
for felt time. My intention was to uncover a space where we could start 
playing with ways that aesthetics of felt time can be explored and shaped 
with interactive technology and physical materials. 

I was hoping that we would not only re-discover the time 
aspects from Sourdough Baking, but also unfold variations of temporal 
gestalts with and through them. Thus, I did not only present them from 
a Sourdough Baking perspective, but I also involved music practice to 
explain the aspects and broaden the pool of imagination. 

To design and plan the workshop, I put together a group 
consisting of a music and theatre expert, Jonas Söderberg, an 
interaction-design researcher, Anna Ståhl, and an expert in embedded 
programmeming, Karl-Petter Åkesson. We invited 15 researchers and 
practitioners skilled in design, art and technology. The process ran for 
three working days, and we formed three groups that we asked to explore 

the four felt time aspects from Sourdough Baking through an explorative 
prototyping process using low-fi and high-fi technology materials. The 
prototypes were used to traverse the design space and stimulate reflection 
(Lim & Stolterman, 2008). Each group had at least one person that had been 
participating in the Sourdough Baking so that they could bring their 
first-person experiences of felt time in baking to the workshop. I will 
explain how I staged the BodyTimeTech workshop. I will also explain 
how my research into procedures and materials points towards ways in 
which aesthetics of temporal experience in artistic practice can inform 
interaction-design research. 

An Explorative Workshop
I started the first day with a series of exercises that had the purpose 
of creating a shared point of departure and sensitizing the participants 
to the felt time aspects that I brought from Sourdough Baking. I also 
introduced the technical platform for the occasion, Phidgets, with 
various sensors and actuators. In short, the exercises showed and 
exemplified the aspects from different perspectives, from sharing 
personal experiences of outside clocktime, sensing rest through holding 
and squeezing dough, listening to ways that musicians estimate time 
in music and stretching dough to performing a John Cage composition 
together. 

The first exercise was to share personal experiences of time 
outside clocktime. I asked the participants to introduce themselves by 
telling a story from their lives illustrating some sort of outside clocktime-
experience. These stories proved to be an important source for starting 
discussions of felt time later on in the workshop. One person shared 
the feeling of time growing while waiting for her baby to be born. 
Several participants talked about the sense of time when sleeping that is 
hidden from wakefulness and which can be strange and distorted. One 
participant told how she had to find a rhythm between using the lights 
and the heating in her house that has an old electrical connection. When 
she turned the light on, the heating went down and if she wanted to have 
a warmer temperature inside she had to turn off the light. The rhythmic 
play with light and heat created for her, a very physical way of living with 
her house. Another participant shared her frustration in the conflict 
between bodily time and clocktime when traveling globally:
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Kristina: I came back from Toronto, Boston and New York 
where I spent two weeks. Everything is still upside 
down and it is really odd when a lot of the sense in your 
body tells you one thing [about time] and your life and 
industrialised working life tells you that you have to be at 
work at nine.

The stories emphasized a common sense of time as shaped by 
individual sensitivities, memories and preferences and that there is a 
tension between our individual, felt time and clocktime. The next exercise 
was to illustrate rest as felt experience: I brought a piece of newly blended 
dough that the participants could touch and hold to sense the stillness 
and silence of the cool, firm body of the dough. I explained the 
importance of rest for the dough to develop and, that, below the surface 
the microorganisms were working: inside the dough activity and 
turbulence ruled. Hence, the resting dough had inner and exterior 
properties that could be discussed, shaped and prototyped in various 
ways. The third exercise was a performative John Cage activity that I had 
learnt from discussions with Mia Göran who is a practicing musician and 
John Cage expert (Göran, 2009). It was a composition created on the spot by 
all the participants together. The exercise was a mix of activity and pause 
taking place in its own space of time: we formed a large circle of chairs 
without tables 

 in a conference room.
The exercise was based on a sound, which in this case was chosen 

to be the sound of each participant saying ‘Ah’ 

      at a specific 
moment in time. That moment in time was dictated by a simple chance 
composition: Each participant had to (quietly to themselves) choose to 
be a respondent or an initiator. To be an initiator meant to say ‘Ah’ on 

fig. 31, see p.154

her or his own initiative. To be a respondent meant to choose another 
participant and say ‘Ah’right after that person had said ‘Ah’. On a specific 
queue (I clapped my hands) the exercise started. The exercise was built 
from a particular outside clocktime concept, namely unpredictability, 
or chance and it created a strong focus on the present moment and the 
emerging composition of intertwined ‘Ah’ rhythms. 

To illustrate ways to interpret and estimate time through 
aesthetic sensitivity, we listened to two different recordings of a piece of 
music (Bach Cello Suite No. 1) while the music script was sent around. 
The two recordings that we heard were interpretations by two different 
musicians. It was easy for everyone to hear that one recording sounded 
quite different from the other. Not only was the tempo different, but 
also certain passages where, for example one of the musicians stretched 
or emphasized a tone while the other did not was different. With this 
example, I showed how time in music cannot be measured through a 
clock timer or a metronome external to the musical performance. The 
speed and duration of the music is not essential. It is the expressiveness 
that matters, which can only be estimated through aesthetic sensitivity. 

Finally, each group was given a studio and a task to get started: 
the Hall of Fame moodboard exercise was intended to make the groups 
express their common feel of their process and emerging vision and 
goal. Hall of Fame is a simple generative method used in, for example 
Graphic Design to build inspirational material. First you chose a 
character, for example a person, organization or event. On that character, 
you are supposed to assemble ideas of expressions tied to: tone (e.g., 
sad, aggressive), target (e.g., playful, unemployed, brave), shape (e.g., 
geometric, soft), colour and size (e.g., green, global, multidimensional). 
The Hall of Fame exercise and the moodboards came to be shaped both as 
video, physical materials and images and showed to feed the process with 
situations and associations that could illustrate the different ideas that 
emerged throughout the discussions. 

Felt Time and Digital Materials
As mentioned above, there were three groups, and I have named them (to 
be able to keep them apart) the Horror group, the Baroque group and the 
Erosion group after the themes of their moodboards. Basically, I asked 
the groups to investigate how interactive technology can mediate time 
outside clocktime in interaction. I also asked them to explore rhythm as 
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something that is ongoing in and around us and which can be formed 
in interaction into various kinds of temporal gestalts. I asked them to 
develop their reasoning around rest as a fundamental part of rhythm 
and that has both inner and exterior properties. They were also asked 
to research different alternatives of estimating and interpreting time 
through a movement, shape or texture that is part of a process rather than 
a fixed clocktime interval, that is, through felt timers. At the beginning, 
the groups had tentative and sometimes conflicting discussions that 
formed an important part of their process along with the prototyping. 
All three groups had different ways of approaching the task: the Baroque 
group started by discussing the aspects in relation to Baroque aesthetics 
and Sourdough Baking. The participants in the Erosion group were 
unsure regarding how they should be working.

Their discussion shifted between what physical materials to 
manipulate, how they could form various interfaces with time and what 
kind of scenarios and dialogues with time these material interfaces could 
be part of. It was clear that the participants approached the complex task 
from diverse perspectives. Their ambivalence led them to start 
prototyping pretty much immediately 

    inspired by 
timestories and physical materials. The Horror group used scary movies, 
different stories and situations as the basis for their discussions. Their 
drift towards ideas 

  around expressing emotional 
experiences led them into difficulties in transforming their ideas into 
concrete, felt expressions. Nevertheless, all the groups gradually came to 
develop their ideas into rich variations of discussions and rough 
prototypes revolving around ways to shape felt time with physical and 
interactive materials. The discussions helped the groups move forward in 
creating meaning and rephrasing my questions, but the fact that they 

fig. 33, see p.154

fig. 34, see p.154

were supposed to develop their discussions into some kind of interactive 
felt interface with time pushed them towards more concrete ideas and 
conceptualizations. A broad spectrum of ideas appeared at various stages 
and abstraction levels through the workshop process. Some were semi-
functioning prototypes or an installation, some captured only a dynamic 
expression or a model. One example was how rhythms were explored 
as pattern 

 through transforming an 
artificial heartbeat into low frequency sounds displayed in thick 
liquid. These cymatics7 were carefully and slowly turned around while 
drying, and this process produced a dried pattern with its own thin 
relief characterising the original rhythm. Another example is the 
plans of working with air as a medium for unfolding felt moments and 
measurements of time. This ended in a still model since air showed to 
be quite difficult to process given the limited time of the workshop.

I will describe and discuss a selection of the outcomes in more 
detail to show how the felt time aspects brought from Sourdough Baking 
charged the process with energy to imagine and prototype felt time 
through interactive and physical interface expressions. I will start by 
describing two explorations into the aspects and how the groups used 
felt imagery and imagination to build their prototypes. 

To Unhide Rest 
The Erosion group reasoned around time during rest as time that is 

completely different from time in wakefulness and which proceeds outside 
clocktime. Their ‘Breathing Wheel’ prototype was an attempt to unhide 
time when sleeping. They built a rough prototype from a sanding wheel 
that could rotate by help from a motor. The motor was connected through 
an ultrasound sensor to the movements of a person lying down on the 
floor. When the person breathed in, the motor inside the sanding wheel 
started to rotate. When the person breathed out the sanding wheel stopped.

The wheel sanded on a bed of papers. Slowly the wheel wore the 

fig. 35, see p.155

7  Cymatics, http://nigelstanford.com/Cymatics/ (Retrieved 30 Nov 2016)
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paper through and the underlying papers became visible through 
crumbles of paper. This prototype showed the way the Erosion group 
imagined and prototyped an interface with time that had inner and 
exterior properties. The rhythms 

    of breathing 
were first collected through the ultrasound sensor and re-shaped into 
circular movements and scraping sounds, which then were transformed 
into 

traces and 
crumbles of paper. 

They used the rhythmic movements of breathing to form a 
temporal gestalt, which transformed the inner hidden temporality to 
exterior expressions. It seemed as if they, by imagining rest as something 
that had inner and exterior properties, managed to approach felt time 
in a manner that was new and refreshing. Instead of talking about the 
duration of rest or movements of the body at points and periods in 
time, which is often used to describe sleeping patterns, they used the 
tension between internal and external expressions and erosion traces as 
inspiration for their exploration of the hidden time of rest. 

Beyond using erosion and inner and exterior as felt imagery for 
rest and pause in time, the Erosion group used breathing for creating 
the inherent time of the prototype. Compared to Sourdough Baking 
where living microorganisms dictate the process together with the baker, 
Breathing Wheel was given its time through the ultrasound sensor. 
Time in Breathing Wheel was dictated by the breathing movements 
of the human gestalt lying on the floor. This rhythm, however, when 
transformed through the Breathing Wheel, had a character of its 
own that was not smoothly fluctuating like human breathing, but a 
distinct rhythm of scratching movement and silent stillness. 

fig. 36, see p.155

fig. 37, see p.155

Uncanny Experiences
The Horror group made an extreme interpretation of outside 

clocktime by starting to model a sense of no time at all. They thought 
about uncanny experiences that sometimes arise from curious 
coincidences and they strived to transform this emotional experience 
of being in a time void into a felt temporal gestalt. They started out by 
sharing personal stories of losing a sense of time, which revolved around 
sleep paralysis, time and place distortion and curious coincidences. 
Their discussion evolved into trajectories that meet in various ways; for 
example someone who is having fun and to whom time flies meets a 
person that is bored and thinks time is unbearably slow. Another example 
is to unexpectedly meet someone from childhood or from a particular 
place. These threads of time meet in a way that might not be possible 
without certain technological development [riding the Stockholm 
subway for example]. The Horror group also shared stories of sleep 
paralysis, time and place distortion: 

Vincent: unsettling experiences of time. There is this 
sleep paralysis. Where you sort of are half awake and half 
asleep. You try to scream but you can’t move your body 
and you feel that something is coming.. There is also this 
thing if you sleep in an unfamiliar place. Waking up and 
not knowing where you are.

Kia: Yeah, where am I and which way should I be turning? 

Per: If you fall asleep at home at the wrong time and then 
you wake up and you don’t know where you are. 

Their stories of uncanny time had a central feature in common: 
the sense of disruption between time, body, emotion and space. It had to 
do with the experience of being unable to tie the memory of past events 
into the present now or into future expectations and to not being able to 
settle a person in time or space. But this kind of time experiences seemed 
to be the opposite of the sense of outside clocktime that we experienced 
in the Sourdough Baking process. The Horror group focused on a feeling 
of discomfort and disruption. They continued to discuss expressions of 
these unsettling experiences through digital and physical materials: what 
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kind of concepts and metaphors could be used that represented uncanny 
time and curious coincidences? They struggled to find ways to create a 
felt interface with time from their discussions. To be able to develop their 
ideas, they worked to find a concept that they could work with. After 
some discussions of different kinds of time distortions, they decided 
to create a sense of a ‘glitch’. A glitch is most often considered a short-
lived fault in a system that corrects itself. They began to shape a glitch by 
building a composition from a formless shape and rhythmic movements. 
Their formless shape was soft, sticky and fragmented. It had no direction 
and was unpredictable in its physical shape and exterior. 

They made its inside move rhythmically through putting a step 
motor inside it that was programmed to follow a rhythm recorded by an 
ultrasound sensor hanging in a lamp stand above a person lying down on 
the floor. Users were told to lie down on the floor below the sensor with a 
hand on the formless shape 

    that 
would start following the rhythm of the person’s chest moving up and 
down when breathing. The motor was programmed to shift rhythm 
into a different pattern abrubtly at certain ‘random’ points in time to 
create a strange and dreamlike, almost non-perceptible felt glitch. The 
Horror group wanted to convey the sense of mistake or error, but also 
unpredictability and uncertainty so that the person would become 
uncertain whether the phenomenon was real or just imagination playing 
a trick. To emphasize the expression they added peculiar sounds, which 
also changed at the same time as the rhythm of the motor changed.

In the reflection session this prototype was the most perplexing 
and strange one, and no one could understand what sense of ‘time’ it was 
thought to communicate. In a sense, this was what the Horror group 
strived to achieve: an experience of strangeness and unsettling time. Even 
though the Horror group did not manage to create a sense of uncanny 
time, their experimentation reveales the complexity and difficulty when 
transforming an emotional experience through a temporal getalt. The 
Horror group worked to find metaphors and dynamic expressions in 
rhythmic movements and sounds that could give co-participants a sense 

fig. 39, see p.156

of uncanny time. Instead of searching for inspiration in the felt time 
aspects that I had provided, they decided to use glitch as imagery, but this 
metaphor turned out to be difficult to help imagining a physical temporal 
gestalt. Glitch as metaphor was not helping them to find a rich sensual 
way to express their idea of felt time as uncanny experience. 

Sensually Estimating Time
The ‘Baroque’ group, who was named from their moodboard 

theme, started out by building a tangible moodboard from Baroque 
aesthetics 

 

     where they had, among other things, a toaster 
where they toasted and burned, bread.

Sensing the smell of burnt bread pushed their discussion towards 
the complexity of smell as time, space, memories and emotions:

Cheryl: Did you feel that it was dangerous? [the burning 
in the toaster]

Jonas: I felt it was burning but not that it was time to 
evacuate.

Karl-Petter: Burnt hair is horrible

Markus: The smell of fire is very positive to me. Being in 
the forest and my dad making up a fire.

Cheryl: There is a limit of when we feel the need to 
extinguish the fire?

Markus: Fresh buns smells wonderful, but if it is too 
much smell then it is suspect. When is the limit of smell? 

fig. 40, see p.156
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Jonas: But this is a timer. We start the toaster and then we 
sense immediately that ah, now it went too far.

The smell formed a timer but a particular one with particular 
felt properties that were different from a clock timer. The toasting and 
the smell had completely different durations in time. The smell was 
telling something about time both in the present moment of toasting 
but it also spread over time, that is to say, it stayed as a sensory smelling 
image telling about the event for a while after the toasting. The smell of 
burnt bread spread as well beyond the visual, out into the corridor so 
that others who were not part of the project could sense time of toasting. 
It also evoked aesthetic considerations of how toasting or burning as 
felt timer spreads through time and space and what kind of emotional 
reactions it may evoke. 

Moulding and Probing a Sense of Time
The second day of the workshop, one of the members in the 

Baroque group brought a piece of dough with her from the bakery Petite 
France8, and this led their exploration into a new direction. The sense 
of a desired sensual and haptic property of time in the baking process 
from now on inspired them in their work. They began investigating 
the firmness and rebound of the dough together with Baroque music 
ornamentation9. They wanted to make the dough interactive so that it 
could sense ‘kneading’ movements to activate various tasks. After having 
measured conductivity in the dough, however, they concluded that 
dough was not possible to use given the limited time of the workshop. 
Instead, they investigated various industrial materials and found memory 
foam to be a fascinating material to work with: memory foam has a 
delayed movement response to pressure and ‘remembers’ (for a certain 
short period of time) the shape of the form (fingers, hands, bodypart) it 
interacts with. 

The Baroque group started to play with how to modulate and 

8  The bakery founded by SebastienBoudet at Kungsholmen in Stockholm in 2008.

9  Ornamentation is decorative elements added to something (for example music) 
to enhance its appearance.  
See more on https://ask.audio/articles/music-theory-ornaments-and-
embellishments or at https://en.wikipedia.org/wiki/Ornament_(music)

10  Reactor https://www.native-instruments.com/en/ (Retrieved 1 Nov 2016)

ornament the plastic shape and slow rebound of the memory foam in 
relation to changing tempo of a piece of Baroque music (Pachelbel canon). 
Bend sensors were placed inside the rolled memory foam and then it was 
connected to a Phidget board that transferred the bending data to a 
computer playing the music (through the programme Reactor10). In the 
prototype  

 that they named 
‘KneedingSound’, the tempo of the music was not fixed, but depended on 
participants’ haptic movements with the sensor-enabled form. Through 
KneedingSound they could modulate the tempo in the music through 
squeezing and bending interaction. When participants released their 
pressure on the memory foam, allowing it to slowly return to its original 
shape, the music returned to its initial tempo. The tempo of the music 
became closely connected to participants’ changing sense of firmness 
and rebound of the memory foam. Or as one of the participants expressed 
himself when grappling with the experience:

Mattias: I like this. Emotionally it feels like it reacts with 
my squeezing. Would be good to have a way to expand 
it to make things slower. It feels like... slowness and 
expansion fits together. I don’t know why. 

Here we saw how Mattias connected his experience of hearing 
the tempo of the music shifting with his sense of firmness with the 
prototype. The music had its own time, but in the interplay between the 
sound of the music and Mattias’ squeezing, a mouldable gestalt of time 
emerged. 

It seemed to me that this way of working could be a viable path to 
design how users could change and transform, in dialogue with a digital-
technical material - if we, as designers, could mould and present it in that 
manner: as plastic. 

Unfolding Possibilities 
My objective with the BodyTimeTech workshop was to show possibilities 

fig. 41, see p.157
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to discuss and prototype the rich aesthetics of felt time that we 
experienced in Sourdough Baking. By transferring aspects of those 
experiences, I wanted to unfold a space where designers could find new 
ways to play with expressions of time in interaction. The aspects of felt 
time were used quite differently, which made the outcomes of the groups’ 
work diverse. Participants’ different individual associations of the aspects 
that I presented created a resource for exploration, but also a difficulty 
to focus and I saw as well how easily their conversations wondered when 
dealing with such an overwhelming and engaging phenomenon as our 
experience of time.

When introducing the aspects the first day, I was careful in 
the way I posed my question to the participants. There was a balance 
between creating a clear framework through the design of the workshop-
process and at the same time letting participants play with and frame 
the tasks from their own individual perspectives. I could have given the 
participants a more limited choice of ideas and materials, say, only one 
aspect, but, at this stage of my research, I did not know if the outcomes 
of Sourdough Baking could be translated into interaction design, nor 
did I know what kind of scenarios or situations of time that would 
illustrate such transitions. Thus, the way I formulated the task had an 
open character. In BodyTimeTech, I could see that all the groups more or 
less managed to approach the four aspects that I suggested and that they 
effectively discussed and prototyped examples of felt time shapes and 
expressions. Some of them were interactive, and some were illustrations 
and installations showing potential ways to move forward. Emerging 
through the descriptions above is how the felt time aspects; outside 
clocktime, felt rhythm, rest, and felt timers as well as plasticity, charged the 
process with energy and felt imagery that charged the creative process 
with the power to investigate and shape aesthetics of felt time.

For example, the Erosion group decided to express shapes of rest. 
They were inspired to imagine rest as inner and exterior felt properties 
as they appear in Sourdough Baking. In Breathing Wheel, they used this 
felt imagery of rest by translating it into an interactive prototype that 
connected human breathing and interactive technology. Another example 
is how the Erosion group and the Horror group worked with temporal 
rhythms to run the process of their artefacts. In KneedingSound, the 
process was run through the music (Pachelbel canon). Compared 
to the microrganisms in Sourdough Baking, the temporal process 

in BreathingWheel was dependent upon the sensor reading, while 
microorganisms in the dough have their own complex lives and stop 
working only if they dry out. Additionally, in the KneedingSound 
prototype, the Baroque group brought forth and applied a fifth aspect 
from Sourdough Baking: plasticity. They used firmness and rebound 
and created a mouldable temporal gestalt where the participants could 
re-shape the tempo of the music. Through these examples, we came 
to see and feel how technology-enabled forms can answer to our ways 
of touching, moving and sensing time. The formlessness of digital 
materials and felt time is a tremendeous resource when we aim to create 
dynamic interplay between different organisms, users, artefacts and 
environments. The outcome shows how mouldable our experience of 
time, as well as the digital material is. It points towards the resources we 
have to play with if we start imagining time as a sensual transformative 
design space rather than a measuring instrument. 

Insights
In this chapter I have described the challenge and the possibilities in 
using the art of Sourdough Baking to develop ways that designers can 
imagine and construct felt time in interaction-design research. Compared 
to artistic practices such as Sourdough Baking or music, which have been 
developed over centuries and are deeply rooted, it was a complex task to 
design felt time with digital means. 

Bakers, as well as musicians use a deep internalized-knowledge 
of what and how things can be done with the material at hand to 
create something aesthetically expressive. To compose music, play an 
instrument as well as baking is craftsmanship that demands skills. On 
top of the skills, however, there has to be the ability to grasp a gestalt 
and form aesthetic value to give it meaning. In interaction design, we 
can transfer knowledge from these practices but it is not trivial. The 
knowledge from Sourdough Baking was not objective and had to be 
relocated in new dynamic processes. We needed to be aware of what 
sensitivity and felt knowledge we brought into the process of designing 
interactive systems. The difference indicates how much further we 
have to go before interaction design with its fundamental dynamic 
gestalt becomes as grounded and well-established as other practices. 
Nevertheless, the groups turned out to apply aesthetic investigations to 
felt time explorations with interactive technology and while there are 
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differences, I also note strong similarities: in both Sourdough Baking and 
BodyTimeTech we could, imagine and understand how time can be used 
to provide shape to a (living) interactive material. 

The learnings from Sourdough Baking provoked and inspired 
the ways we approached the digital materials. By directing attention 
to the modelling of the temporal gestalt through drawing parallels to 
Sourdough Baking, we totally changed the way we approach the digital 
material. The ways we did our imagination was to feeling time, through 
our movements gestures, through our touch and through emotional 
engagement. This meant that we highlighted a sense of the temporal 
and its embodied shape in the design process. It shows that the felt 
knowledge of time may build the fundament to how we discuss, explore 
and shape dynamic gestalts in new interactive systems. 



Figures
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Figure 33. Participants 
from the Erosion group are 
working in their studio and 
in the kitchen.

Figure 31. Participants sitting in a circle.

Figure 34. Horror group discussing in their studio. 

Figure 35. Left; dried cymtics patterns. Right; non-working 
model for air dynamics

Figure 36. Participant 
trying out Breathing Wheel 
prototype.

Figure 37. Crumbles of paper and the breathing wheel.
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Figure 39. The Horror group playing with 
formless materials and digital technology.

Figure 40. Baroque group moodboard.

Figure 41. Participants building 
and playing with versions of the 
KneedingSound prototype.



7 
Rhythm Poetry
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The research I’d made so far helped me to highlight felt experiences 
of time manifest in interaction with living materials and interactive 
technology. I had designed users’ pulse, movement and shifting arousal 
to be experienced as visual, fluctuating shapes and colors. I had learnt 
how felt time is formed by people, materials and tasks in Sourdough 
Baking and I had explored how to investigate the insights from 
Sourdough Baking with interactive technology. The process of designing 
these artefacts and staged explorations had shown the richness and 
complexity that is involved when designing for temporal experiences. 
In this particular component of my research, I explored further how felt 
rhythms in sound can be shaped through interactive technology. With 
Rhythm Poetry I was hoping to be able to provoke and inspire people to 
tell me more about how rhythms are shaped and recalled, what different 
elements and processes or behaviours do people practice when creating 
and experiencing rhythms. In Rhythm Poetry I designed sounds into 
visual objects in order to show how these could unfold one and the same 
rhythm but from different perspectives. I wanted to show how we could 
design experiences that transform the one into the other and as they did 
so, might provide new forms of wonder and self-expression. To build the 
system, I worked with the computer scientist, Fredrik Hagnell. We were 
just about to finish the practical work in another research project Delete 
by Haiku (Simbelis et al., 2016) and I knew he would be able to engineer my 
ideas. In Rhythm Poetry, I chose to use peoples’ — clapped — expressions 
of rhythms and transformed these into visual rhythms formed by text 
imposing an additional layer of information by the significance of a 
word and the character of the sentence structure. I will explain how the 
Rhythm Poetry system worked. I will explain as well how the experience 
of its use points towards ways in which felt time may be re-imagined, 
re-felt if you like. How it did so and the reaction this created in users, is 
central to my discussion. I will argue that there are lessons here for — and 
even dictates — design processes which highlight the temporal.

Rhythm Poetry, the Probe
Basically, Rhythm Poetry recorded the sounds from clapping and their 
rhythmic production through the mobile built-in microphone and 
transformed these into visual objects and arrangements. The recording 
function was visualised by a cursor moving across the screen and typing 
text. We used a collection of elements and features; sounds, silence, 

touch, movement, force, loudness, tempo, duration, syllables, words, 
typing, typography and syntax patterns in our design exploration. Users’ 
clapping was, crudely speaking, mapped towards the amount of syllables 
in a word (one clap=one syllable). A forceful clap or long duration of 
silence between the claps created the start of a new word. The application 
altered rhythm from one ‘felt-shape’ to another; that is, from clapping to 
reading, from sounds to words, from being felt in the palm of one’s hand 
to being the read object on the screen of a computer. The shape of sounds, 
arranged through time in patterns, were transformed into words spatially 
presented in sequences on a screen. We measured the silence between 
sounds and made the length of words, i.e., the number of syllables, echo 
the temporal shape of the clapping — long, slow, fast, short and so forth. 
In the interface, the words created a verbal ‘score’, like a musical notation. 
Thus, the sounds of clapping produced an image of words. The temporal 
arrangements of each were the key that tied the words together. 

To Re-imagine Felt Rhythms 
We designed and explored a number of alternative elements and features 
throughout the process. By testing them ourselves and by collecting 
feedback from people, we were encouraged to continue with some of the 
ideas, while others were dropped. Throughout the process we met with 
various persons. Some were chosen based on their expertise in rhythms 
and words, for example an opera artist and an amateur poet, a journalist, 
a cardiologist and a musician but we also collected feedback from other 
people who tried the system in user encounters, exhibitions and in the 
studio. Each subject was invited to, from 15 minutes to one-and-a-half 
hour, think-aloud user encounters. The people interviewed were between 
6 to 70 years old and were selected to catch a wide range of reactions to 
creation and interpretation of rhythms with the system. We deliberately 
did not seek a specific user group during the first part of the process 
since at this level we were interested in general in people’s relation with 
rhythms. These feedback sessions collected information which fed 
into our ongoing iterative work guiding our decisions. At the end of 
the project, we chose to interview three users each with more specific 
professional relations with different kinds rhythm. The argument for 
choosing them were that they might be better equipped to reflect upon 
and describe the experience of rhythm with the system.
We started out by designing a demo where we could change different 
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parameters such as the tempo of the cursor, which also affected the 
duration of the recording. We could turn syntax rules on or off, there were 
variations on how to start new words and there were variations of the 
timing between users’ clapping and the application typing words on the 
screen. 

Basically, the sounds were transformed into 
syllables, words and sentences depending on the clapped rhythm, its 
tempo and loudness. If a user clapped once (ta) (using simple syllables 
like (ta) is a technique developed by Kodaly for musicians to describe 
rhythms), the application would type a one syllable word, for example 
‘me’. Two claps (tata) created a two syllable word, for example ‘morning’. 
If a user clapped (tatatata) the app would have to type a four syllable 
word. To exchange all the words for others with the same pattern in the 
typed text the user could tap on the word refresh on the screen.

Users could add three lines and three overlapping layers of 
rhythm. In order to distinguish the different layers from each other, we 
gave them different fonts and font sizes. The notations or poems 
mirroring the clapping 

       were saved 
and could be reached again by swiping the display.

The experience of these transformations from sounds to visuals 
depended upon how we shaped the rhythmic pattern between the user’s 
clapping and the way the text was typed by the application on the screen. 
Either we could let the application type one syllable directly following 
each clap, or we could let the system record a whole sequence of clapping 
before it typed a complete suggestion of text mirroring the clapped 
rhythm. The later alternative would leave the screen empty while the 
users were clapping. In the first alternative, the application sometimes 
had to change text that was already typed: For example if a user clapped 
(ta), Rhythm Poetry typed a one syllable word, such as ‘that’. If the user 

fig. 42, see p.188

fig. 43, see p.188

clapped again quite tightly to the first, the app would have to add one 
syllable 

 to the first word. 
But since there was no two-syllables word in the library starting with that, 
Rhythm Poetry retyped ‘that’ 

    into ‘noth….ing’.
The function of retyping syllables revealed a basic problem: The 

limited amount of words in the vocabulary. We used around 100 000 
words, including conjugations and names but it turned out that even 
with this small application we bumped into unpredictable strange 
changes of words using such a small amount of words. An example of 
a situation like this was when an obvious continuation of the typing 
would have been touching but since the word touching was not in the 
vocabulary Rhythm Poetry retyped ‘touch’ into ‘noth….ing’.

A Library Made up of Poetry and Song
Now, we could have used words from for example a dictionary. 

Instead, we chose to use a vocabulary divided in two parts with texts from 
the poet and writer Karin Boye (1900-1941) and the Country Music artists 
Dolly Parton and the Carter Family because we were curious about how 
we could experience their artistic and poetic use of words and rhythms 
formed in text from new perspectives. No greater reason than this seemed 
required at this point in research; we needed a vocabulary resource: 
here was one, a library made up of poetry and song. The application had 
a simple syntax structure, which was designed so that the application 
would try to match the word order that was typed on the screen to any 
of 220 different sentences in the vocabulary, thus creating grammatical 
patterns similar to the style of the original authors but with other 
combinations of words. For example one syntax structure could look 
like this: ‘have you no use for my poor soul? = (verb usu participle)

fig. 44, see p.188

fig. 44, see p.189
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(pronoun)(positive adjective)(noun)(preposition) (pronoun)(positive 
adjective)(noun). 

Spontaneous and Unexpected
In addition, the visual appearance of the word was mapped 

towards the duration of silence: Words could be cut up and its syllables 
spread out across a larger space, or they could be typed more compact: A 
sequence of four claps (tatatata) might come out as ‘shimmeringly’ but 
if the user clapped with more air, 

    (tata   tata) 
the word was typed in a similar pattern spatially; ‘Shimmer  ingly’.

If the user clapped a lot of sounds tightly, 
(tatatatatatatatatatatatta) the words on the screen would 
be squeezed together and overlap one another, and in this case the 
application was designed to sometimes make overlapping or colliding 
words readable by moving them up vertically a few points on the screen. 
In one interview where we used an early version of the system, Linda, an 
opera artist claps rhythms and reacts to what she sees: 

Now I felt clearly that I talked through this [the 
application] but I don’t know what I said… but now.. now 
it really went bananas. But I think I actually speak like 
this. It is like this I breath: nananananana [she takes a 
breath] nananana [she takes a breath] nananana. In this 
way it is maybe like the way I phrase , but I did not think 
about the words.. If you have a strong feeling like large 
letters. In music it might be an emotion that bursts.. 
a crescendo — some kind of feeling that needs to be 
brought out. If a word breaks in parts maybe…When I 
speak, it moves so fast I don’t think about the words. It is 
more like a flow. Hopefully I can say what I want.

The way Rhythm Poetry typed in resonance with this user’s 
clapping: how it typed and retyped text to adjust to her growing rhythmic 

fig. 45, see p.189

phrase, made it seem to her that the system was really listening to the 
clapped rhythm she made. The typed image reminded her of her felt way 
of speaking. It was not so much about the meaning of words but how 
they were arranged and typed while she was clapping that mattered. The 
design created a sense of a rhythmic improvisational exchange between 
Linda and the application. Rhythm Poetry was thus characterized in 
this user’s mind by its mouldable nature, based on a sense of rhythm 
and improvisation — like ordinary talk. The speed of the cursor moving 
across the screen appeared to be an important element that affected 
the way users experienced the application. To be able to adjust this to 
different users, we added a feature called ‘tempo’ whereby they could 
change the listening frequency of the application. As a case in point, 
Linda, the opera artist started to clap quite fast while the cursor moved 
at a low speed. The result was few words because the application could 
not produce syllables in the tempo that she was clapping. I increased the 
tempo of the cursor and she clapped a rhythm again: 

It feels quite obvious when they appear [the words on the 
screen] I speak like that… fast and pouring. The fast was 
more the way I am..I feel confident when we [the app and 
herself ] are on the same tempo level that I have. It makes 
it easier to control. A bit like the metronome — you have 
to get the right flow. 

Here I could see how the discussion revealed the importance of 
the mouldable tempo that had to adjust or be possible to adjust so that 
the felt tempo of this user matched the tempo of the interactive artefact. 
The tempo 

 in the 
recording which was represented by the cursor moving at a steady pace 
across the screen had to respond to her felt tempo to make her blend with 
the system while she was clapping. The tempo, as Linda pointed out, had 
to respond to her felt tempo and intention in order to make sense.

Sometimes, because of surrounding sounds, the microphone 

fig. 46, see p.189
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couldn’t register variations of clapping sounds. The users had to clap very 
strongly to start new words. We experimented with different tap tools 
such as sticks and hollow shapes besides clapping but the response of our 
subjects suggested that this was not helping them understand what the 
system was doing: 

This [the hollow shape] is something in-between one self 
and the text.. When you get something like this you think 
of sound. 

 How can I touch this to 
create something fun. It’s like an instrument to found 
nice sounds but not to find nice words. [She tried another 
hollow shape made of paper]: Instinctively it feels closer 
to clapping since this one does not generate any sounds, 
but it is still in the way, it is still to easy to create rhythms 
without words. The purpose becomes that [points to the 
bubble] and not this [points at the application]. When 
you clap it is an extension of one’s word and body.

As it turned out, the tools for creating rhythms were perceived as 
something that should create a special sound, like a musical instrument 
that the user had to relate to, which was negating our purpose. The main 
purpose was to use sounds coming from people’s spontaneous expression 
of rhythms, which would then be transformed into rhythms described 
by the displaying of words in different visual forms. To be able to control 
how the application registered sounds from the surroundings we added 
a function whereby the users could set the sensitivity of the microphone, 
that is, high sensitivity meant that it would be sensitive and register even 
quiet claps.

As a final version we explored, still focused on rhythms from the 
user, their spoken word rhythms that were caught and re-imagined 
through Google voice recognition system. For example, if a user said 
‘mama’ we thought the system could respond with displaying another 
word with the same duration and amount of syllables, such as ‘papa’. We 

fig. 47, see p.190

also added a function whereby users could playback the sound of their 
clapping and they could hear the words their clapping or speaking had 
led the system to select — in the odd tones of computers of course, not 
the user’s own voice. 

   One user, 
an amateur poet, was interested mostly in the dictation function since 
this is the way he creates poems, by associations. He imagined that he 
could find many different words with the same rhythmic character in this 
way. That is to say, he would keep the rhythm but exchange these for other 
words and thus the meaning of his poems and the associations it would 
evoke would alter too.

We exhibited Rhythm Poetry at the maker exhibition and event 
at Digital Art Center (DAC) in Kista. DAC11 is lead by Ingvar Sjöberg 
Stockholm university, DSV - Department of Computer and Systems 
Sciences and is a public outreach environment where researchers, 
entrepreneurs, artists, students and the public can meet, learn and 
develop through exhibitions, seminars and programmes in the fields 
of ICT, science and art. Rhythm Poetry was also exhibited at other 
events such as open house exhibitions at Mobile Life Centre and at 
SICS (Swedish Institute of Computer Science). At these occasions we 
collected feedback and reactions and we learnt how the system startled 
and delighted people in its performance. While they soon learnt to 
adjust their own actions to what the system did, clapping fast or slower, 
so as to see how the system responded, many of those who used it 
would giggle and talk in apparently confused ways as they did so. Their 
engagement with the system seemed to coincide with wonder. 

My goal, to reiterate, was to use Rhythm Poetry to provoke 
and inspire people to tell me more about rhythm: How rhythms 
might make them see temporal shapes from new perspectives, how 
people create and experience shapes of rhythm in form of words. 
Unfolding these perspectives of rhythm I thought would add to the 
discourse in interaction-design research on how the experience of 

11 Digital Art Center http://digitalartcenter.se (Retreived 2 Dec 2017)

fig. 48, see p.190



7. Rhythm Poetry168 / 288 169/288Exploring the Aesthetics of Felt Time

time and temporality may be manipulated and imagined in new 
interactive systems.

From Sound to Sight, From Clapping to Words
We then settled on a form of the application, which had the mouldable 
improvisational character; it recorded the sounds of clapping and typed 
syllables and words directly following each clap. We kept the library of 
around 100 000 words including conjunctions and names and we kept 
the simple syntax rules. We also kept the possibility to adjust the tempo 
of the recording and the sensitivity of the microphone. We did not use 
voice recognition anymore 

    and neither the playback 
function. We kept the possibility to clap three layers and a version of the 
vertical move preventing some words to overlap.

From now on the programmer, Fredrik Hagnell left the process 
and I continued by deploying the system with three subjects. One was 
a journalist, one a musician, an oboist and the third was a cardiologist. 
The three users were chosen on basis of their expertise in different areas. 
I hoped that they would be able to reveal a variety of reactions from 
their different perspectives of working with text, working with rhythms 
through music and working with our most basic human rhythm, our 
heart beats. As they used or interacted with the application, I asked 
them to discuss what they were thinking, doing and feeling. In these 
discussions they tried to explain their perceptual issues they all dealt 
with and they tried to clarify what the words on the screen could explain 
about their clapped rhythms in terms of their own understanding 
of rhythms. 

A Journalist’s Desire for Sentences
After a short introduction of the system, I asked Sanna, the 

journalist, to start the application, clap a rhythm and watch the result. I 
asked her to tell me how she had imagined her rhythm, what she could 
see on the display and if she felt that the text that was typed on the 
display reflected her intention. Since her profession entails shaping text 

and words into meaningful sentences and narratives, she naturally felt a 
need — and thought she was supposed to — interpret the meaning of the 
words on the screen. I had assumed that her expertise would make it 
easier for her to understand or create meaning from the text, even though 
it did not form sentences but mostly discontinuous compositions of 
words. Sanna’s first attempt 

  

    of clapping a rhythm and reading 
the typed text made her confused. She saw that her energetic rhythm 
made the application type words continuously close to each other and on 
top of each other in accordance with the tempo of her clapping.

She could also connect her clapping style to the way the text was 
typed on the screen — fast, slow, loud, quiet, but the result, arrangements 
of words on the screen, 

   the pattern they 
created, were hard for her to use, because she was disturbed by not being 
able to read all words and she kept searching for sentences. 

‘Trips hate shine   kiss ess some   thing  rip short though 
sand free beer mile spring.’ Hmm. Not enough words to 
create an image in my head. Maybe I clapped too intense. 
I can’t see the last words because they were typed into 
each other. I want to see what the word was. I think 
immediately that it [the words] has to build some kind of 
logic in relation to each other. They are mixed together, 
overlapping. I get lost. I rather watch a sentence, like 
poetry. When poetry can form an image in my head, then 
I like it.

fig. 50, see p.191

fig. 50, see p.191
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[Designer] What kind of image is poetry creating?

That I can understand what it is trying to say, some kind 
of meaning. 

[Designer] And when you clap? What is your meaning?
I have no words for that. It has a very clear pattern, but I 
never put words on it. It’s hard to see that ah, this were 
the words from my rhythm. 

She tried again clapping a new rhythm: She clapped carefully, 
with light silent claps emphasising some of them: 

‘Proudly nothing happened pretended’. That felt ahlright!! 
Now, I gave it time. Now I feel that the words make more 
sense. Now I tried to clap to get, another result.

[Designer]: Does this poem mean anything? 

No, but; ‘proudly nothing happening pretended’, I think 
this is almost a Haiku. It generates an image in my head. 
I can interpret this. This was a bit more. This is kind of 
what I feel like: Nothing happends and I pretended. I 
could make a poem from this.’ Sanna claps one more 
time: ‘Young run crazy, her leading differ … difference 
hopes……young run cr’’.. I try to find the pattern.. What 
kind of image do these words compose…? 

She found a nice sounding sentence, a poem almost, at first, 
but then she was perplexed. Sanna tried to create a composition that 
she could read and interpret; she was not expecting prose; more a poem 
— words as shaped meaning. She hoped and was excited about the idea 
that the system would interpret her wordless rhythms into some kind 
of textual expressions that made her think, as a poet might. Sanna was 
disappointed since she came to realise soon after engaging with the 
system that what it did was produce words in a rhythmic pattern. It did 
not, at the same time, create meaningful sentences. They could be read 
as a sentence, but in Sanna’s eyes, these sentences were meaningless. 

Grammatical, but without point. The typed text also reminded her of 
her need to feel the pattern in order to understand. She explained the 
experience of her clapped rhythm, the ‘pattern’. She needed to see that the 
application made a pattern of her clapping, that is, a sentence. 

It might be interesting to some people with the words 
but I think immediately that it has to build some kind 
of logic, but maybe this shows how I think. Because my 
rhythm. It follows a pattern. A self-evident pattern and 
then I think there should be a clear pattern in the words 
as well.

Sannas way of interacting with Rhythm Poetry was in a sense a 
paradox: we had built a system to show rhythm from a new perspective, 
but this user couldn’t see her rhythm because of the words the system 
produced on the basis of that rhythm. She altered her clapping rhythm 
to make the text appear in certain ways on the screen so that she could 
read it as a sentence or poem, but she could hardly see the rhythm pattern 
because of the words and all their separate meanings. This is what this 
user expected — and it created ambiguous feelings on her part, evident in 
the unfolding of a changing view as she used the system:

I like clapping like that: Dacka do donk dacka Do donk. 
I like clapping backbeat like that.. I thought. I like moving 
with that rhythm, but they overlap [the words on the 
screen]. I clapped too tightly. I cannot read all the words. 
If I did not see the words I would probably look at the 
rhythm. 

At this point it seemed to me as if she started to move beyond 
her desire for fixed meaning, what I earlier imply was her way of treating 
words as a result of her being a journalist. She seemed to become 
more willing let words playfully represent her sounds of clapping. The 
production of words made her consider the rhythm of her clapping. She 
changed her tempo, force and intensity of clapping in order to change 
the emerging shape of the textimage. One could say that this user, a 
journalist, placed an especial and particular value on words — not their 
shape or sound, but their meaning: this is the purpose of journalism, I 



7. Rhythm Poetry172 / 288 173/288Exploring the Aesthetics of Felt Time

would say. Since the meaning of the words were crucial to Sanna in this 
sense, she worked on ways to make the text readable and understandable. 
Nevertheless, once she began to see how the system worked, without the 
meanings she had expected, she engaged with the system and, as she 
did so, began to play with it. She varied her clapping rhythm so as to see 
how the resulting text that she could read the output more easily. She 
explained the way she tried to control how the words on the screen varied 
by her clapping: 

(Now) I do not watch the words but I interpreted it more 
like it shouldn’t be too tight [that is, the space between 
the words on the screen she now sees reflects what the 
system is trying to convey]. 

To this user, a particular concern, at first, was that the meaning 
of the words or the absence of meaning in them disturbed her focus 
on rhythm. In addition, I could see her moment of excitement when 
the meaning of words matched her emotional state: She hoped and was 
excited about, that the system would interpret her wordless rhythm 
expression. In a sense, she thought Rhythm Poetry was trying to 
do many things at the same time but in fact all it did was typing words 
in a rhythmic pattern. It did not, at the same time, also try to create 
meaningful sentences from her clapping. In sum, Sanna was pleased with 
the experience that the system offered but it was not as she expected; 
and as she settled into interaction, so she turned away from the meaning 
of words towards how the placement of words on the screen reflected 
the tempo and force of her clapping. Thus, instead of my transforming 
application leading this user to think about the temporal aesthetic 
of words, the aesthetic in language, she used the visual placement of 
words to re-imagine the visual patterns of her clapping — the aesthetics 
of intensity, tempo and loudness of sounds. The Rhythm Poetry 
transformations led her back to the clapping rhythm that I transformed, 
not to the output that was generated. 

Maria, a Musical Interpretation 
Maria, the oboist started, as the journalist by trying to translate 

her clapping into the meaning of words. She based her first rhythm on 
the sense of energy that she recalled from the atmosphere in a TV 

programme. At first she recalled the feeling that she used when she 
clapped her rhythm, 

  but the next version of text was 
disappointing, because she couldn’t connect the meaning of the words to 
her clapping anymore. She clapped a first rhythm and read it aloud: 

‘At these stars soft earth blues though with deep all 
of some found they earth who open pale songsas side 
land’. It’s beautiful in a way. I did not think so much, 
but clapped this sense [of rhythm] that I fetched from 
a TV series that I watched about a family, but it was 
a nice translation; the stars and earth: cool. 

She clapped another rhythm, read the result and then wondered: 

‘Ris on speak half surge.’ What does that mean? ‘Stands 
flesh. Gain out half … …nongonefly.’ This is weird.. 
nongonefly…hah. I don’t know. It’s just nonsense. It was 
probably what I clapped. The words say nothing.

As I had expected, her expertise as a musician was manifest in 
her way of describing the transformation of rhythms; she talked about 
phrases, the ticking that keeps her rhythm going and her detailed 
descriptions of what the experience of pause means to her. 

The pauses. The voids. Something here made a new 
word. But I wonder if there was a pause. When I do this 
[clapping a rhythm phrase], I have a motor that is going. 
I’m always moving towards the ending. There is a pause 
and you hear nothing but inside of me, its moving on, in 
my mind and body. The real pause is at the outside of this 
[points at the screen] that’s when I relax, switch off.

She clapped a third layer in a slower tempo and read the result: 

fig. 51, see p.190
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That was fun! With the lower tempo there is space. The 
rests becomes something different. They turned into 
something. In high tempo, you don’t keep up.. it [the rest] 
just ends the phrase. In a high tempo, the emptiness of 
the rest ceases to exist. 

Maria explained her sense of tempo and energy shifting with 
with tempo of the system. As Maria familiarised herself with the system, 
she increasingly focused on the way each clap related to the other and 
how she came to relate to the pace of the interaction. She continued 
by describing the way each of her claps related to the other. Her way of 
describing her clapping seemed to me to be a reaction to how Rhythm 
Poetry typed and retyped words in resonance with her clapping. However, 
this typing instrument had a peculiar property. Clapping the same 
sequence did not always produce the same word or set of words: 

I know it’s fast. Then it ticks on inside: plingplingpling, 
when the app is slow, I adjust to that, I’m affected of 
course. It’s ticking on in my head at another pace. I 
change energy every time I clap. Somewhere I should 
shape a stronger clap, and a weaker clap, and when is the 
next clap coming? It is some kind of energy that shifts. 
One clap is never like the other.

The interview with the oboist revealed, how she began by reading 
the result of her clapping as poems and how she came to a view on this 
which evolved, despite her sense of confusion at first. From what she 
said, she came to find the first text beautiful. Then after a few more 
attempts looking at the words and reading them, she couldn’t understand 
the ‘nonsens’, but then she turned to her musical knowledge; she let go 
of the meaning of words, and she started watching her clapping as an 
image and notation. She allowed a transformation to occur and for her to 
react to it. Once this had happened, she started to shape and reshape her 
clapping in a spontaneous dialogue with the system. She began to shape 
words through her clapping, reading them and altering her clapping 
accordingly. She explained to me how her felt experience emerged in the 
composed image on the screen, the verbal score: 

You can see a shape here. The picture says something. The 
phrase. For me it’s about the phrase that turns into small 
poems. It shows a form, like where I put my energy. There 
[pointing at the screen]. I see more words and at the end it 
is kind of empty, like a wave. I see this as my composition, 
because I see the weight here at the top. It is almost like a 
whale or a hedgehog. 

Maria shifted between reading the meaning of words to watching 
the image as a rhythm notation. She saw her rhythm on the screen in 
front of her. She saw the tempo speeding up and down, she saw energy, 
thickness and weight of her clapped rhythm. Maria interpreted Rhythm 
Poetry through metaphors: felt rhythm as things, movement and energy.

The Cardiologist Sensing the Transformation
I assumed that Jan, the cardiologist, who in his daily work, 

examines, discuss, explains and diagnoses people’s patterns and rhythms 
of heart beats, would be able to share knowledge on rhythms from a 
completely different perspective than the musician and the journalist. 
It turned out that also he began by trying to grasp the meaning of the 
words. Like Sanna and Maria, he could not hide his first disappointment 
at not being able to interpret the meaning of the words and sentences on 
the screen, but his experience of the system evolved during the session. 
It was when he turned into clapping heart beat rhythms that he finally 
released himself from this expectation and began to interpret the image 
of words differently. He began by using the melody of a lullaby to imagine 
and clap his first rhythm. At this stage he was expectant and curious. He 
clapped something like this: (ta tatA  ta ttA  tAtatA  tAtatA), 
and read the typed text: 

‘Said bears fluds’.. or: ‘said bears god.. fluds.. without gate.. 
my air tells though sands march near.’ Ah, interesting! It 
was a lullaby that I clapped. I wanted to clap both slow and 
fast and not along a special pattern. I had a melody in my 
head: den ddutt   du denn ddude dutt, and I tried not to 
repeat myself. Suddenly I felt I wanted to clap that special 
melody that was in my head. I stopped clapping when I 
was done, but I don’t know if everything got recorded?
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He clapped again. I asked him if he could see on the display what 
the system was doing with his calpping. He thought carefully to himself 
before he read out loud the words: 

‘Blue if loose ….spaces each.. shores.. …spheres  why good 
on glit .. ter..ing.’ 

  Yes, well actually, 
after the first two… or three, [words] there is a longer pause.

He clapped a third rhythm while looking at the image of words 
emerging on the display: 

It was a little interesting that it could change the words too.

At this point the cardiologist was confused. He did not know 
if he should read the words as poetry or look at the image they formed 
while he was 

 clapping. To create meaning of the words 
and sentences that were typed he tried to read them in different manners: 
He emphasized different words. He tried to connect the words that were 
cut up in syllables and spread out on the screen. It did not work and he 
had to give up his attempts to create sentences and meaning from the 
words. Now, he continued to clap five different heartbeat rhythms and it 
was at this point he came to change his way of interpreting the output. He 
started watching the words as a kind of notation: he started by clapping 
a heartrush (Tachycardia), which is a fast rhythm. Then he clapped a 
limping rhythm with an extra beat, a regular with rushing sections 
and finally an irregular rhythm, an ‘Atrial fibrilation’. The Tachycarida 
sounded something like this: (tAtatata tatatata tatatata 
tatatata tatatatatA). 

fig. 52, see p.191

fig. 53, see p.191

This was someone having a heart rush. He read the words 
on the screen aloud: ‘Some there at.. where meet… though 
them mist but …. .. his past strong non gravel.. rept.. or pail.’ 
[Designer] Was this how you would describe that 
rhythm? 

Jan: Erh, no, no I don’t think so.

[Designer] Can you describe the heartbeat by reading 
your poem there?

Jan: No, I cannot.

[Designer] Can you try?

Jan: I got stuck [in reading the text] and it was not quite 
as I had imagined.

After some hesitation he gave it another try and now his way of 
using the words was different and he tried to create a sounding pattern 
from the syllables: 

‘Some there at where meet though them mist but his 
past strong gra vel rept or pail.’ Now I had more flow. He 
looked at the words on the screen: There are failry equal 
distances between the beats. It seems pretty regular 
anyway. It doesn’t seem to be very long pauses between 
syllables.

In his attempt in understanding the last output, he started 
ignoring the meaning of the words and instead watched the image and 
re-imagined the regularity of beats through the empty spaces between 
the words: At this stage, it seemed to me as if his view transformed into 
looking at the words as if they were an illustration and a notation rather 
than words in a song or sentence. When he continued to clap a series of 
different heart beat rhythms, he focused on the image and how it was 
building up. He sensed how his clapping rhythm governed the way the 
words were typed on the screen. He reflected upon how his clapping 
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changed the already typed words, re-shaping the overall result and the 
‘average’ rhythm as he called it referring to how the machines at the 
hospital change the average heart beat per minute if it measures an extra 
heart beat. He also noted that when he clapped a limping rhythm with 
every second clap stronger than the first, Rhythm Poetry typed pairs of 
one-syllable words. 

‘ Once,        those place,        would fit,       much scar’s.’ 
Compared to the other [the first] rhythm, I can see certain 
regularity. This was a regular heart beat rhythm with 
one extra beat in between the normal ones. It typed new 
words all the time. In the previous it changed the words 
and retyped them a lot. The first one was with the same 
force on all beats.

At the end of the session, Jan added several layers of rhythm into 
one image and described them as he created them:

‘Each walk closed.. lift steals.. play.. been some whet now..’ 
[He pressed refresh for another version of the typed 
rhythm]: ‘tops in want …... last a foot through plum…’ 
This was an Atrial fibrillation. Previously I clapped two 
fairly regular rhythms and now I wanted to clap one that 
was completely out of order. 

He looked at the text on the screen: 

There are completely different spaces between the 
words and the length of the words. Here is a short 
beat: ‘in’ and ‘through’ and ‘plumb’ are longer beats. He 
finished off with a rhythm with slower and faster parts: 
‘(ta  ta   ta   ta   ta tatatatatata tata…
ta   ta..tatatatata   ta   tatatatata) 

[Designer] Was that really a heart beat rhythm? 

Yes, with some extra beats. 

It seemed that he now had switched to ‘painting‘ the different 
rhythms onto the display and compared the images, the painting, while 
he clapped. He noticed how ‘short’ and ‘long’ beats of clapping altered 
the length and grouping of words and if a word was cut up or not, and as 
he did so, he also reflected on what a short beat is from a cardiologist’s 
perspective. He wondered whether a slower beat is stronger than a fast 
beat; that is, if the auditory signal is distinct from the tempo. A short 
heartbeat is ‘weak’, he explained, because if the heart beats fast it does not 
have time to beat properly (since it is a muscle moving). 

But this is not always so: if the heart beats one extra beat, 
it takes a rest the next time and this rest feels [to the 
patient] as if, oohh, the heart stops! Then when the heart 
finally beats again it is usually experienced as very strong.

This person, a cardiologist, placed a particular value on the 
relation between his clapped rhythms and the objective depiction of them 
— thinking of the space between the beats, the stronger or weaker beats 
relative to each other — This is the way that he sense and understands 
heart beats in his daily work at the hospital. Words in medical work and 
cardiology has a very specific meaning which aims to explain rhythms 
and patterns and hearts’ behavior as exact as possible and convey 
expertise and professionalism. Since the meaning of words was crucial 
to him in this sense, using the meaning of poetic words to re-imagine 
and explain heart beat rhythms was quickly abandoned and the way the 
cardiologist interpreted Rhythm Poetry changed. Instead of reading his 
felt rhythm as the meaning of words or being the exact measurement 
of sound, he decided to watch it as a living picture, which was typing 
visual objects reflecting his emerging rhythm. The transformation that 
occurred when he gave up on this, shows that, although it required some 
work on his part, the cardiologist could re-imagine his clapped rhythm 
through the aesthetics of the composed word image. He had to evolve his 
interpretation of the image from one where he sought to interpret the 
meaning of words, to watching a visual notation; a score made by words.

Three Variations of Meaning Making
When Sanna, Maria and Jan clapped their rhythms, they used 

different strategies to interpret the output. Each of them ‘painted’ the 
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screen with her or his imagination. Each of them talked about the words 
on the screen in their own way; they talked about the result on the screen 
by evoking how they had created meaning in their clapping: Sanna, 
the journalist focused at the significance of the words that she saw on 
the screen (perhaps because she is a ‘wordsmith’ by trade, namely a 
journalist). She explored different kinds of clapping and mixing words 
to be able to read their meaning. Thus, her experience shifted between 
trying to read sentences and trying to change the text through her 
clapping style. She never came to interpret the composed word image. 
The words were in the way for her to see the rhythm in the image. Maria, 
the oboist is an expert in interpreting a musical script, thus she used her 
musical knowledge to re-imagine her clapping as phrases, pace, rests and 
movement. She described how words formed relating to pictorial and 
physical motion such as tempo, energy, weight or lightness. She described 
the ‘ticking’ that made her clapping rhythm move forward and she 
described a rich variety of rest experiences. The cardiologist re-imagined 
his clapped rhythms by interpreting the image as voids, arrangements 
and shapes of words. He saw how his clapping rhythm governed the way 
the words were typed on the screen thus the cardiologist drifted towards 
interpreting the image as a graphic illustration, but without adding any 
further felt descriptions of what those elements meant. 

Emerging Rhythms
Rhythm Poetry was designed as a probe aiming to provoke and inspire 
people to tell me more about what a rhythm feels like when it is created, 
interpreted and experienced in different forms, and how, in particular, 
the felt aspects might be altered and created anew, with digital means. 
Throughout the process I highlighted ways in which rhythms can be 
shaped and how a system may respond to the rhythms of a person. I 
highlighted ways in which a system can reflect people through rhythms 
and ways in which a system may help them re-imagine their rhythms 
from new perspectives. While the system transformed auditory signals 
into visual arrays in various ways, my experiences with developing the 
system, made it apparent that small design choices could make a big 
difference to the experience delivered — aspects such as the tempo at 
which the words were typed, how soon the words appeared on the screen 
after the user clapped, and so on. This showed that every design choice is 
a delicate and sensitive detail which may give an important nuance to the 

experience; in one design the system may seem more alive, reactive to the 
actions of the user, in another somehow more stiff and wooden. The final 
version gave the users the feeling that it was responding to their rhythms, 
but that is was also, to some degree, unpredictable; I wanted Rhythm 
Poetry to seem spontaneous in a similar way to how improvisation is 
made in music. Improvisation in music means that you transform your 
knowledge, feeling and imagination, through your instrument to form a 
spontaneous and unpredictable expression. Improvisation created in the 
moment may well be formed into a satisfying whole, just as good bread or 
well-performed music. Similarly with my Rhythm Poetry but here it was 
the spontaneity of clapping that would be transformed into the apparent 
spontaneity of words. 

Hence the same words were not always selected when the same 
number of syllables was heard; words were pulled from the database 
in an unpredictable manner. My desire to explore this also uncovered 
something that would seem obvious but disappeared from view in the 
development work; that the transformation between sound and vision 
allowed other transformations to be seen — namely one to do with 
meaning. 

From the interviews I could see how all the users were perplexed 
in one way or the other, because these persons had an intention in their 
clapping and when they looked at the words that were created by the 
application, they assumed that the words would make meaning in terms 
of sentences or poetry. But our system mainly offered words as spatial, 
see-able objects, paints on a screen. When they saw little meaning with 
the words they abandoned their first hope and ended up doing something 
different — they changed their own ways of making meaning from 
reading to watching, from understanding to seeing. This meant that they 
began to re-imagine their sense of clapping on the basis of the aesthetics 
of the image itself. They started looking at the arrangement of words, the 
length of them, the thickness of the picture, the energy, the empty space, 
the sounds of syllables. As a result, the felt aspects of the rhythm were 
quite particular. The rhythms perceived in words did not equate to the 
rhythms of sound; the shape and sound of words was seen as quite other. 
Sounds, the auditive space, does not easily conform to the spatial, the 
typed text in this case. The users had to work to make meaning from the 
images that emerged while they clapped. 
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Significance of Words
As shown above, the three test subjects started all three by 

searching for meaning in the significance of words. In some cases they 
succeeded, but most often they did not. The meaning of the words 
produced by the system was unpredictable since our system was only 
designed to describe the sounds through the way it constructed and 
typed the words and syllables as visual shapes onto the display. However, 
what the words added to the system was, as we saw, expectation, a sense 
of surprise and evocative wonder. The meaning of the words created 
a tension in that, occasionally, users found a word or even a whole 
poem through which they could create an image or self-reflection. For 
example, Sanna found a poem that was ‘kind of what I feel like.’ Words 
were also experienced as ‘nonsense’ but even in that case, Maria, the 
musician, described the meaning of the words as ‘It’s just nonsense. It 
was probably what I clapped.’ But, the significance of the words appeared, 
not surprisingly, rarely and it was no wonder that the three users were 
confused. Consider the ubiquity of activities people do with words. We 
read them, we gaze at them, we write and type; we renew them again 
and again. But primarily we engage with their meaning; that is what 
we do with words. To interpret words and poetry, is not only about 
the propositional sense. It is how it is done: the sounds, the tempo, 
associations, long or short sequences of ideas, the images that the words 
creates in the reader. The rhythm is the unifying temporal shape. But 
there are even more things that we can do with words. 

Words as Designed Objects
We can treat them as designed objects. Just look at the avant-

garde artists John Cage and EE Cummings; the one a musician the other 
a poet, both sought, from their respective specialities, to challenge the 
existing form of the flow and rhythm of both music and lyrics. Unlike 
an illustration of dots, lines, graphics, bars and other more orthodox 
musical notations, words can have dimensions that make them different 
to work with even when they are doing notational work, as they do in our 
Rhythm Poetry. Words are shaped by a myriad of syllables, letters, lines 
and strokes. They are drawn shapes and combinations. Different fonts 
use thickness and ornamentation for highlighting letters and shapes in 
different ways. Words can be placed spatially with regard to one another 
and they can be cut up into pieces. The words’ visual, graphic shape and 

location in the image that our users created by clapping was at the end 
what Sanna, Maria and Jan focused on to create and re-imagine their 
felt rhythms of clapping. The word image, that seemed quite different 
from the original clapped rhythm, could be recognized, interpreted and 
it could inspire the users to re-imagine and develop their experience of 
their clapped rhythms that formed that image. Shapes of time that 
represent one and the same rhythm do not have to coincide, hence, the pool 
of possible shapes and expressions for dynamic interplay starts to grow. 

Insights
My aspiration was to explore how we might experience the world of 
rhythms more richly, more evocatively and I strived to design a system 
that helped deliver this. The project I report was, partially successful 
in this. My purpose had been to design for aesthetics of time in ways 
that pushed the boundaries of understanding and expectation in 
quite unsettling ways; and this perturbed my subjects. Rhythm Poetry 
thrived upon the clappings and rhythm-experiences of the users but 
re-articulated and changed those, in effect asking them questions about 
their rhythm. And the users answered by developing both their own and 
my understanding of how to make meaning through aesthetics of the 
transformation that I had designed. I learnt how the users interpreted 
their clapped rhythms by the aesthetics of the output in unexpected and 
new ways in the moment of — and after the clapping. This shows how 
rhythm in interaction can be a powerful transformative experience. 

Thus, what the clapped rhythm meant to the users during the 
process, and how they described it was not settled. The system did not 
produce a beat that treated the users felt rhythms as predictable or linear. 
It formed emerging shapes, pictures, illustrations and movements from 
the sounding rhythms. These shapes were the clapped rhythm after they 
had been transformed, thus conveying new meanings. The outcome 
unfolds ways to use aesthetic transformation to unfold experiences 
of time, not only translating users’ own rhythms, but filtering them 
through new forms and expressions which unfold unexpected sensual 
properties such as thickness of time, the energy, weight and voids. 
Metric representation of beats, the exact illustration of the silence and 
sounds, such as traditional notation, provides a plan and a picture of 
the composition, but for the score to turn into music, the musician 
must create an interpretation. Rhythm poetry created a particular kind 
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of notation through its algorithm, which interpreted and transformed 
users clapping sounds with words. It created an improvised image of the 
interaction that had taken place.  

This unfolds important insights for the creation of rhythm in 
future interaction designs. People can create meaning through rhythm 
in other ways than through an exact transaction. They need a clue, an 
inspiration and aesthetic articulation which ‘speaks’ to them about 
their rhythm. This interpretation might not be easy, but it needs not 
to be. People’s desire to imagine and create meaning is fundamental. 
Rhythm Poetry delivered a thought-provoking experience, a system 
that made the mind wonder anew and speculating at the rhythms and 
temporal patterns, which are underpinned by both the technologies 
we use and our everyday affairs and felt movements. It points to future 
design explorations to consider, how the artfulness entailed in shaping 
and imagining rhythm might be augmented. Devices and services that 
are portraying, mirroring and representing rhythms might actively 
transform and re-shape rhythms to unfold the potential temporal 
richness that is inherent in the dynamic interplay between the user’s felt 
rhythm and the rhythm of the object.



Figures
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Figure 42. First demo version.

Figure 44. Sequence of  frames showing Rhythm Poetry erasing and retyping words.

Figure 45. Variations of shimmeringly.

Figure 46. Early interface testing.  
Video: https://vimeo.com/164555252

Figure 43. Saved poems.
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Figure 47. Testing tap tools.

Figure 48. Playing with Google speech.

Figure 51. Maria is clapping and 
creating a word rhythm.

Figure 50. Sanna clapping and a resulting image with three layers 
of poetic words.

Figure 52. Jan’s text: blue if loose.

Figure 53. Jan clapping rhythms.



8 
To Re-imagine 

Experiences of Time



8. To Re-imagine Experiences of Time194 / 288 195/288Exploring the Aesthetics of Felt Time

As I recount in my discussion of music, felt time is self-evident and 
handled with care. Musicians resonate their own sense of rhythm, pulse 
and tempo with those they play with and, in a sense, with the composer 
whose musical scripts they interpret. They transform the imagined shape 
of time in the score into the heard and felt experience. Musicians might 
use metric time in the training (for example by using a metronome) 
to compare their own sense of time with the one that is notated or 
suggested. In performing the music, however, the musical gestalt must 
be released from that. In Sourdough Baking, which came to play an 
important role in my research, the baker shapes rhythms and tempos of 
work in the various tasks to help the dough develop into good bread. The 
baking process takes place outside clocktime and the baker manipulate, 
estimates and plays with time through the living material. That time is 
carefully shaped and manipulated to create a desired experience in these 
artistic practices is obvious. But the shaping requires skills and aesthetic 
sensitivity for the artist to manage to create something expressive 
and desirable. Continuous exercise, a strong culture with techniques, 
methods, and a mature vocabulary give practitioners in these arts a rich 
array of tools to accomplish their work. 

An important feature of interactive artefacts is that they can be 
designed to respond differently each time in the interaction with a user. 
In comparison, a musical instrument or the dough responds to the artist 
largely depending upon how she performs her movements and tasks. 
It cannot change its nature in the same radical way as the interactive 
material can. But, in comparison to music and baking, interaction design 
is not a mature and well-established practice, in particular not when 
it comes to shaping sensual temporal experience. There is no specific 
terminology for supporting a rich aesthetic discourse on time, and there 
are few established procedures for exploring felt time, but the sense of 
time — the aesthetic experience of a carefully shaped temporal gestalt 
— is as relevant to interaction design as it is to other time-dependent 
practices. This phenomenon is what makes shaping time in interaction 
design captivating and complex. Sensitivity and awareness to the 
aesthetic of felt time enable designers to explore, discuss and shape 
subtleness of dynamics in interactive computer systems.

In the previous chapters, I have described a research 
methodology that fosters carefully considering and playing with felt 
time in interaction. I have explored time through digital materials, 

playful aesthetic explorations in both a designerly and art-oriented 
manner. Below, I will re-iterate my processes to articulate key aspects of 
felt time that I have uncovered through my investigations into design. 
These aspects are the tension between clocktime and outside clocktime 
as a resource for designers through which they can investigate and 
form refined temporal experiences; non-clocktime rhythms that unfold 
in each detail of a process and which extend our bodily and perceptual 
experience; the rest and pause moments which give vitality to non-
clocktime rhythms; how the relationship between the felt shapes of time 
creates resonating patterns; felt timers that allows us to estimate time 
through aesthetic sensitivity; how we can remould felt time by treating 
it as plastic; and finally, aesthetic transformation is a filtering process that 
can help us connect with the world in new ways. 

Looking at Affective Health: Clocktime and Human 
Temporality
There is no certain or obvious way of transforming a person’s unique 
sense of body, time and place: no lines or numbers, nor colours or 
shapes — after all, how does one separate a stressful moment from one 
of exercise and fun? High levels of arousal and pulse may be interpreted 
as some kind of negative stress and time pressure. But it may as well be 
a situation of tension and nervousness similar to that of performing 
a concert or giving a speech. We continuously adapt our behaviour to 
changes around us, in part as a response to what our bodies tell us: 
biofeedback is, as it were in Affective Health, a part of our own voice, and 
it is through the dialogue with this voice that we can express ourselves. 
Our goal with Affective Health was not an interface so much as a dialogue 
between the design and the user: with Affective Health, we wanted 
to offer an analogue of tones to a musician, ways that users could see 
themselves anew and which would lead them to act in new, perhaps less 
stressful ways. 

I used sketching processes to find non-metric visualisations of 
the users’ biodata to give them a felt sense of their body and movements 
rather than a precise measurement indicating some kind of well-defined 
state. Affective Health was not a metric description of the body’s 
various stages or performances but a design exploration of how colour 
and shape may reflect sensations of a person’s being. In one of my 
designs, I tied fluctuating colours and shapes to the spiral timeview. 
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The biodata — heart rate, arousal and movement — all played their own 
role in this real time body ‘score’, but it was the shifting composition of 
them that created the sense of aliveness in the visualisation. The relation 
between the three created a resonating pattern of tensions and contrasts 
that users could connect to their own perceived bodily sensations in 
different situations. 

I did not try to interpret individual perceptions of time through 
Affective Health. I showed changes and shifts and different combinations 
of rhythms which pointed to possible experiences of excitement, stress, 
calmness or speed. Temporal aspects of the biofeedback data were used 
to convey a sense of self and through the biodata visualisation, users 
could see some of their felt fluctuations and inner temporalities with its 
own inherent rhythms and patternings. Hence, if they looked at their 
bodily rhythms as fluctuating colours and shapes, they might begin to 
imagine and relate to their bodily expressions differently. Additionally, 
through the relation between the visualisation and their memories of 
places, events, and people, they could begin to see themselves in these 
relations from a new perspective. That is, if they saw their heart beating 
in a particular way in a particular situation, they might start to relate 
to that situation differently. The visualisations were easy to understand 
in real time; however, to make sense of the visualisations, the users had 
to have reference points that referred back to their experience of the 
particular situations reflected in the display. Clocktime was what I used 
to facilitate this referencing, and that helped the users to connect the 
visualised biodata to their memories of events in the past. Clocktime and 
felt time were thus both designed with reference to each other. Through 
user encounters during the Affective Health process, I started to see this 
referencing as a double focus. Users could see their bodies through time, 
but they could also see time through the biodata visualisation. The users 
saw their felt time and clocktime through the visualisation, and it became 
evident that there was a tension and a division between their own shifting 
sense of time and the ticking clock. 

The tension between clocktime and felt time showed the 
complexities of designing expressions of time emerging from both the 
user and the artefact. Time, body and emotions were all entangled and 
could be interpreted from multiple perspectives simultaneously. In 
these kinds of interactions, designers cannot know the optimal user-
interpretation, but we may explore what kinds of experiences different 

shapes and compositions of time bring forth. My work with Affective 
Health uncovered an aesthetic dilemma of time and designing the 
temporal gestalt in interaction — some shapes and experiences of time 
simply don’t fit with others — clock time with felt time being a case of this.

Looking at Sourdough Baking: From Clocktime to 
Felt Time 
Provoked as well as inspired by the space of tensions in Affective Health, 
I began to research time on a basic level, emphasising the experience of 
time through our senses and movements. In discussions with Cheryl 
Akner Koler, I decided to investigate time through the artistic practice 
of Sourdough Baking. My approach was explorative, seeking a way to 
see how the sense of time beyond clocktime could be created through 
interaction with a living material and in an embodied work procedure. 
In this aesthetic laboration (A-Lab), we did not consider clocktime or 
interactive technology. We focused on our bodily dialogue with time 
through dough. Through indulging in Sourdough Baking, it was possible 
to understand, create, and imagine how time actually behaves when you 
can touch it. When people physically manipulate things that can express 
a sense of time, they can also grasp the dynamic gestalt that results from 
the rhythms of work and the temporal process inherent to the material. 

The intimate dialogue between a person and the artefact that we 
strived for in Affective Health was inevitable in Sourdough Baking. Any 
touch changed the ingredients. In Affective Health, people used selected 
moments in clocktime to measure time intervals of various bodily states 
or to connect the visualisation to situations in their lives. In Sourdough 
Baking we had nothing like that. We could not set a timer to 20 minutes 
of blending. We had to relate to other scales, units and measurements 
of time that could help us decipher the effect of our activities. Basically, 
dough formed an interface of felt time: time showed itself through our 
sensual, bodily interaction with the dough. This is to say that we learnt 
various ways of estimating time through fine aesthetic sensitivity instead 
of using a clocktimer. We could get a rich feel for we were in the process 
through working with the dough. This estimation of time in Sourdough 
Baking had to do with sensing the texture through the subtle information 
we got when touching, holding, thumping, pressing or stretching the 
dough with our hands and fingertips or whole bodies. One example 
of estimating time was to compare one body to another. Sebastien 
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compared, for example, the firmness of the dough to that of a firm body. 
Another way to estimate time was, through our intimate contact with the 
dough and the changing texture, to grasp the whole process, the whole 
dynamic gestalt: where we came from (texture was at first a sticky paste) 
and where we were moving (towards a desired texture). 

The rhythmic interplay between us and the dough guided us in 
how to move, when to move, the tempo, the duration of the activities and 
the rests. The rhythm of work affected the inner and exterior form of the 
ingredients and the form of the ingredients affected our activities. But 
we not only managed time in the process; there was the intrinsic time 
of the dough as well. The process was dependent on how we attended to 
the dough changes and how we shaped our interaction according to that 
attention. In other words, time in Sourdough Baking was managed by 
our rhythms and movement gestures resonating with the intrinsic time 
of the dough. Thus, we also learnt ways of treating time as plastic: the 
timeframe of the process was created and re-created through our dynamic 
interplay with time intrinsic to the dough and the baking process. Beyond 
estimating time and treating time as plastic, our interaction also meant 
rhythmically working with the dough, allowing the participants to 
sense their bodies and movements through the dough. Inspired by this 
shared expressiveness, we were able to reflect upon ourselves, our bodies, 
emotions, and thoughts. The rhythmic relationship that was created in 
Sourdough Baking formed a counterpart to the interplay between the 
users’ bodies and the real time biodata representation in Affective Health. 
However, while Affective Health was an external, purely visual display, 
the Sourdough Baking came to feel like a part of our bodies. We were 
intimately connected with the living material through our movements. 

Of course, the dough was not an interface such as that of 
Affective Health, in which we could watch more accurate measurements 
of our bodies and compare them to quite exact moments in time. The 
answer from the dough to our movements and rhythms, however, was 
rich and expressive. It inspired surprising reflections both about how 
to measure time through a felt object but also about the shape of a 
rhythmic interplay between a person and an artefact. The aesthetics of the 
dough with its inner and exterior life was evocative and also sometimes 
unpredictable. The fact that the dough had its own intrinsic life and 
time that was reflected through its texture provided a rich felt temporal 
experience. These ways to think about time in manners such as firm, 

strong and plastic and so on, can inspire future aesthetics of felt time 
delivered by industrial materials and interactive systems. Sourdough 
Baking showed how we can shape time within a process guided by 
measurements and values of time other than the clock. It points to 
possibilities for designing processes considering felt life of time as rich 
and expressive; a place that novel design could explore and help create. 

In the next component of my research, I investigated how 
to develop a similarly-rich expressions of felt time with interactive 
technology. To begin with, I thought of experiences in the baking process 
that had been the most prominent and those that seemed to be suitable 
for exploring further. Eventually I chose to describe my insights through 
four aspects. First, Sourdough time is an example of a time that is 
dictated by the materials and activities inherent to the baking process 
— it was performed outside clocktime. Secondly, through the diverse 
movement gestures in the tasks we experienced how non-clocklike 
rhythms in blending, kneading and forming unfold in each detail of the 
tasks and extended the sense of our bodies. Thirdly, rest in Sourdough 
Baking is equally important as activity. Rest had two characteristics: 
the exterior silence and stillness of the dough and its inner activity and 
turbulence. Finally, rather than setting a clocktimer, we estimated time 
through aesthetic sensitivity, felt timers. 

Looking at BodyTimeTech: Felt Time and Digital 
Materials
In the BodyTimeTech workshop, I incorporated insights from Sourdough 
Baking in form of four aspects: outside clocktime, rhythm, rest and felt 
timers. Something that I did not emphasize at first but that became visible 
during the BodyTimeTech workshop was how the experience of baking is 
characterized by plasticity, which describes how the felt sense of time can 
be made mouldable in interaction. These aspects constituted a practice-
based and discursive exploration with interactive technology. I was 
hoping that I would not only re-discover the felt time aspects from the 
Sourdough Baking, but also unfold variations of temporal gestalts with 
and through them. Thus, I did not only introduce them from a Sourdough 
Baking perspective, but I also involved music practice to explain and 
broaden our pool of imagination. My design of the workshop sought to 
make the participants playfully examine these aspects to shape felt time 
in interaction in new explorative manners. 
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During the workshop, I could see several ways to work with 
the aspects. In comparison to Sourdough Baking and my background 
as a musician and the kinds of dialogues we would have, the workshop 
discussions and outcomes seemed unfocused and tentative, and the 
participants often misunderstood one another. In contrast to music and 
Sourdough Baking, in which the terminology used builds on a shared 
felt knowledge that has been established and practiced for centuries, 
the associations and embodied knowledge in BodyTimeTech differed 
from person to person. Despite this drawback, the three groups forged 
ahead and playfully came to develop their ideas into rich variations of 
discussions and rough models and prototypes revolving around ways 
to shape felt time with physical and interactive materials. Some of their 
work was easily traced back to the Sourdough Baking, while some of the 
discussions were completely different from those I had imagined. 

By discussing and prototyping the aspects, I could see how 
particular characteristics of them were transferred from Sourdough 
Baking into working with interactive technology. I saw how the felt 
imagery from these aspects charged the design process with energy 
to investigate and experiment with time as felt. For example, the 
participants used felt imagery such as ‘inner and outer’ rest and ‘firmness 
and rebound’ in their work with the felt time aspects. As one example, 
in ‘KneedingSound’, the Baroque group showed how plasticity could 
be applied to tempo through connecting sensual properties of sound 
and haptics. This prototype was inspired by the intimate relationship 
between time and haptics that we experienced in Sourdough Baking. 
As felt imagery they used firmness and rebound. Through their work 
with KneedingSound, they brought forth the plasticity of time: how the 
experience of and interaction with time can be made mouldable if we 
treat it as plastic. In KneedingSound, the prototype was run partly by 
the music, partly by the user, similar to that of the interplay between the 
microorganisms in the dough and the baker. Participants could interact 
with the tempo of the music through the sensor-enabled physical 
material. They could squeez and bend the tempo while sensing the 
increasing or decreasing firmness of the temporal gestalt. 

With ‘Breathing Wheel’, the Erosion group extended the 
discussion concerning rhythm and rest. Inspired by the aspect of 
rest and the imagery of inner and exterior properties, the group 
decided to play with properties of resting and pausing moments. 

In Sourdough Baking, rest had both an inner and exterior expression 
and the development of rest time was measured through stetching the 
dough. The Breathing Wheel was built as a grinder, which was run by 
the breathing movements of a resting person. The prototype rattled 
and scraped and dug down through a pile of papers. The idea was to 
unmask the hidden, inner activity and turbulence expression of the 
rest. From this prototype I saw how the aspect of rest with the sensual 
inner and exterior felt imagery helped explore sensible expressions of 
rest and pause moments. The Erosion group could explore the aesthetics 
of the process beneath the resting person’s bodily surface by collecting 
and transforming breathing into rhythmical sounds and movements and 
physical traces. 

Another example, ‘Uncanny Time’, moved far away from the 
aesthetics that had characterised Sourdough Baking. The Horror group 
used dissolved and formless shapes of both time and materials. This 
experience can be juxtaposed to the baking, with its clear sense of felt 
time in the procedure and the smooth transformation of the dough’s 
texture. The Horror group focused, on the contrary, on the sense of getting 
lost in both time and space. Although it was not completely satisfying, 
I have reported on their attempt in order to point to transformations 
between emotional time and physical time. 

When first examining the results from the BodyTimeTech, they 
did not seem to correlate with those of Sourdough Baking, with its 
carefully shaped process and outcome. However, when moving beyond the 
rough finish and quickly-made prototypes, looking at how the participants 
treated the aspects of felt time in BodyTimeTech, it showed the richness 
with which each aspect of felt time could be interpreted and worked with. 
It also showed the difficulty of working and exploring aesthetic experience 
of felt time through prototyping with interactive technology. Compared 
to artistic practices such as Sourdough Baking or music, it was a complex 
task to design felt time with digital means. The BodyTimeTech deepened 
our understanding about the formlessness in the digital material. The 
formlessness, however, is not a problem, but a resource with which 
designers can offer richness and complexity in interactive dynamic 
gestalts. The three-day workshop was not enough to form subtle temporal 
gestalts of interaction, but points to ways that felt time can be explored 
with interactive technology. Through opening up myself to ‘designing 
time’, my research began to show how we can better understand the 
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richness in experience of time, and how it can be processed in interactive 
systems. While it is not surprising that we can experience time in many 
different ways, this exploration shows that we can also meet that richness 
in experience in our designs with computational forms. It is possible to 
transform an embodied sense of time from artistic practice into digitally-
enabled temporal gestalts. 

Several discussions and outcomes in BodyTimeTech included 
working with rhythm at different levels. The groups used rhythm as a 
means to translate and transform aspects of felt time in different ways. 
In BodyTimeTech, the rhythm aspect appeared as an accessible means 
to express different shapes of felt time, but we found ourselves at a level 
of roughly-formed, rhythmic expressions. The ambiguity of the work 
produced a result in which details of each expression were not subtly 
investigated, so I decided to explore felt shapes of rhythm further. 

Looking at Rhythm Poetry: To Re-imagine Felt 
Rhythms
Through Sourdough Baking and BodyTimeTech, I aimed to move beyond 
the tick-tock of the clock and uncover ways of exploring and shaping felt 
time in the interaction gestalt. Rhythm Poetry was a design and reflection 
tool in which I transformed sounds into visual objects in order to see 
how these could reveal one and the same rhythm, but from different 
perspectives. The application was built as a probe, to uncover what kind 
of new rhythm experiences that transformations between clapping and 
words could afford: that is, designs that not only transcribe rhythms but 
that also help us understand rhythm from new perspectives through 
filtering these rhythms through new forms and expressions. Rhythm 
Poetry transformed the sounds of clapping into visual shapes of syllables, 
words and syntax rules on the spot. It measured if there were several claps 
close together, stronger or weaker clapping and the duration of silence 
between claps. 

We tried many variations during the exploration. I did not 
intend to settle on a final solution but to explore the space of rhythm 
transformation and what kind of wonder it might bring forth. To impart 
a lively character, Rhythm Poetry was designed to type words directly 
following each clap. The consequence of this action was that it sometimes 
had to erase a one-syllable word to type a longer word, which gave the 
interaction a spontaneous and responsive character. In addition, by 

typing text on the go, spontaneously directly after the claps, Rhythm 
Poetry made the particular resonating pattern between the user and 
the system visible by the way the text was typed on the screen. Through 
Rhythm Poetry, I managed to find new and surprising expressions of the 
original sounding rhythm shapes. The problem and the possibility of 
transforming the rhythm of clapping and words is that, by their nature, 
their expressions are quite diverse. A clapped rhythm has a distinct 
sound with short beats, which can vary in loudness, tempo, and rhythmic 
pattern. The rhythms of words have length and melody. Words take some 
time to pronounce and also to write or type, and words are linked to 
sentences in syntactic patterns. When Rhythm Poetry transformed the 
clapped rhythm by typing words, it formed a new dynamic expression. 
This new form that emerged in the interaction between the sounds and 
words belonged to neither the words nor the clapping. It was made by 
both. After the clapping, when the users were interpreting the output 
to recall their experiences of clapping, they started to describe the new 
perspective of the rhythm, which mixed aesthetics of clapping rhythms 
and word rhythms. They used the word image on the screen, their felt 
memory of clapping, and their own expertise in journalism, music 
or cardiology to interpret the output. The way they made meaning 
developed into a mix of using individual professional experience and felt 
memories evoked by the aesthetics of the composed word image. 

Thus, Rhythm Poetry did not produce a ‘beat’ that treated the 
users felt rhythms as predictable or linear. It formed words, shapes, 
pictures, illustrations, and movements from the sounding rhythms. The 
users interpreted the aesthetics of the output and uncovered unexpected 
ways to describe their original rhythms. In Rhythm Poetry, I stretched the 
boundaries of re-shaping and re-imagining rhythm. Felt time experience 
can be precise but never static because rhythms are relative to a context, 
to the felt life of space and personhood. Rhythm Poetry points to a space 
that reveals how designers can form new shapes of felt time through 
transformation. It exemplifies how we as humans can create new forms 
of time and how an application can be the partner in that process.

Key Aspects of Felt Time
Through my research, key aspects of felt time emerged that I will now 
explain. Some of them have been addressed in previous research, for 
example, rhythm (Hallnäs & Redström, 2006; Höök, 2010; Löwgren, 2009; Vallgårda, 2015) 
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and resonance (Hummels, 2007), while others are less salient in interaction-
design literature. The aspects are not to be seen as a static list or a 
recipe for successful design, but rather as a resource to describe my 
own endeavours and inspire other designers to explore and shape felt 
time in new interactive systems. The meaning of the aspects, however, 
is embodied in my prototyping and design explorations. It is also 
embodied in my reasoning around Sourdough Baking and my own felt 
experience in music practice. Here, I will now briefly summarise what 
the aspects are, but to really understand them and fill them with content, 
you have to read the whole thesis. In order to articulate the aspects, I 
have kept them separate. However, in most design work, it is all about 
relationships: in artefacts in which the interaction involves human 
temporality, embodiment, emotions, and materials, both industrial, 
organic and digital, the entanglement of time aspects is unavoidable. 
Bearing these observations in mind, I would like to start by articulating 
outside clocktime. 

Outside Clocktime
Outside clocktime, in a sense, does embrace my entire research 

endeavour: through my explorations, I have strived to move away from 
the ticking of the clock and expand the sense of time that physical 
materials and interactive systems can deliver. I have emphasised that we 
consist of, are surrounded by, and constantly create, outside clocktime 
experiences. Examples that I have drawn attention to in this thesis are: 
our bodily temporalitites that we saw in Affective Health; the Sourdough 
Baking process, which is dictated by the bakers’ activities and the 
living material; the exploration of interactive interfaces to felt time in 
BodyTimeTech; and the play with rhythm patterns in Rhythm Poetry. 
These explorations were all made to investigate aesthetics of felt time 
outside clocktime. Additionally, the investigations and the analyses of the 
outcomes were made while I thrived in music performance through my 
own experience and knowledge of felt time.

In the first part of my research, Affective Health, the steady 
ticking of clocktime met with the users’ unceasingly shifting bodily 
temporalities. The visualisation was designed in the tension between 
the users’ need for clocktime reference points and their own felt 
temporality. When we, in my next exploration, indulged in Sourdough 
Baking, we completely left clocktime and stepped into ‘doughtime’. 

While baking, we used our embodied knowledge of the materials and 
rhythms of work to know the time. We indulged in ‘doughtime’, but we 
also related to clocktime: the workshop began at 9 am and ended at 4pm. 
We moved between felt ‘doughtime’ and clocktime. Similarly, I move 
into ‘musictime’ when playing my viola. When I perform, the audience 
is invited to the carefully shaped musical gestalt (as described by, for 
example, Dyrssen (1995). We are all entranced and moved by the time 
dictated by the musical gestalt, but after the concert my fellow musicians, 
the audience and I are pulled back into clocktime. 

We shape work, leisure, and play in life in the tension between 
felt time and clocktime. Clocktime is a practical tool to measure time 
independently of space, emotions or thoughts. Its most prominent 
restriction is, however, that there is little we can do to make it resonate 
with our felt beings. Clocktime does not resonate with what we do, feel or 
think; the clock disregards when we enter into an intentional process that 
we need to pursue. Outside clocktime, on the other hand, is responsive to 
circumstances that we have to deal with. For example, the baker must be 
sensitive to the changing felt properties of the dough, and the musician 
has to interpret and shape the music to make it come alive. Nevertheless, 
we can adapt to and learn both these systems of time as they both have 
their own restrictions that we can interpret and make meaning from. My 
explorations point to the tension between them as a space for playing 
with the aesthetics of temporal experience in interaction. Designers 
can explore the consequences for the user-experience as this space of 
tension unfolds.

Non-clocktime Rhythms 
The rhythms presented through my research are just a few of 

the rhythms which intersect, are negotiated, created and processed by 
humans, and which are collected through senses and movements and 
shape the felt experience. Rhythms can be processed in interaction to 
extend and give new perspectives of the experience of oneself alone or 
together with others. Musical rhythm can guide movement in work and 
ritual, as described by Langer (2009). Rhythmic movements can dictate the 
shape of the design, such as in the example of coiled basketry described 
by Ingold (2000 p 341). In some interaction-design research, rhythms are 
suggested to create a ‘beat’ or conveying a tempo of interaction to a 
user (as explained, for example, by Löwgren, 2009) or how the quality of rhythmic 
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movement in terms of speed and anomaly will decide whether a thing is 
associated with mechanical or biological behaviour (Vallgårda and colleagues 
2015), but rhythm can also be used to pose questions or reflect like in 
Rhythm Poetry and Affective Health. Rhythms can run a process as in 
Sourdough Baking or make time tangible and sensible. 

In Affective Health, bodily rhythms created the expressions on 
the display that users’ interpreted and reflected upon. While working 
with Affective Health, we encountered a problem in that people often 
relate their shifting individual needs and emotions to clocktime rather 
than what we might say are our essential wishes for rest, food, play or 
other felt rhythms of our existences. We visualised users’ rhythms of 
their heartbeats, shifting arousal and movements so that they would be 
able to weave together the body as a ‘self ’, linked to the external world 
in which rhythms dynamically change, creating stress, rest, sorrows, 
and so forth. Through our system, the users could compare and reflect 
upon their own rhythms displayed by Affective Health and external 
rhythms in their lives. While Affective Health was run by clocktime, 
Sourdough Baking was an example of a time system that was run by 
its own inherent time development, but which could also adapt to our 
working rhythms and activities. Rhythm in Sourdough Baking was 
not a repetitive, monotonous pattern, but each participant interpreted 
the rhythm of the task in their own way, through their own bodies. The 
rhythms varied in size, volume, tempo, force, and shape. The interaction 
through these non-clocktime rhythmic movements created a sense of 
being embodied with the material and the process. A more detailed 
investigation into rhythms was Rhythm Poetry, in which the rhythms 
created by the users were interpreted by the application and reflected 
by the words typed continuously on the screen. As in the dough, the 
users’ rhythms were listened to by the system, but in Rhythm Poetry 
the expression was created through the application typing syllables and 
words on the display. The shaping, listening, and re-shaping of rhythm 
was an attentive activity (just like between the baker and the dough). The 
application was in effect asking users questions about their felt rhythm. 
Most interesting when considering rhythms during BodyTimeTech, was 
that the participants used rhythm as a tool to investigate how felt time 
could get a surface and become tangible through interactive technology. 
They used rhythmic movements and sounds to translate and transform 
emotional experiences into tangible expressions. They used the tension 

and release of motion, stillness, sound, and silence. They used rhythms 
to express inner and exterior expressions of resting as movements, 
scratching sounds and sanded traces on paper. Non-clocktime rhythms 
appeared to be a promising tool for exploring the aesthetics of felt time 
through interactive technology. 

Resting and Pausing in Felt Time
Rest is a prerequisite to shape the subtleties and vitality of 

rhythm. Rest has a variety of shapes and roles: it is often considered a 
break, interruption or pause in work or exercise. As such, it is an essential 
part of life for recovery, to catch up with oneself and one’s emotions. I call 
this kind of rest ‘off stage’ as it is in music when the performance ends 
and the musicians leave the stage to relax. An experience of rest as ‘off 
stage’ may concern change of place, mindset or a breath, and, as such, it 
may be mediated by interactive technology. 

I explored the ‘off stage’ kind of rest through Affective Health. 
There I learnt how users could re-experience themselves through 
interpreting the visualisations of rest. I learnt that the ‘off stage’ rest 
easily dissolved and disappeared in periods of high energy. In Affective 
Health, I displayed restful moments in life that users were not always 
aware of. Their reflections helped them re-imagine their felt experiences, 
possibly leading to another ordinary view of themselves — calmness 
through calmness if you like, rest. 

Another perspective of rest that emerged from my research was 
the ‘on stage’. In the Sourdough Baking process, rest moments showed 
themselves clearly in that they were essential to being able to bake bread. 
Rest was equally as important as the activities. In Sourdough Baking 
we also learnt that rest can have inner and exterior properties. These 
properties of rest were picked up and re-shaped by the Erosion group 
in the BodyTimeTech workshop. Through applying inner and exterior 
properties of rest to an interactive prototype, they exemplified how 
felt imagery from Sourdough Baking could help imagine aesthetics of 
felt time in interaction-design research. The ‘on stage’ rest is also the 
anticipation to promote readiness to act, in the terminology of Sheets-
Johnstone (2015), but it can also be the lingering feeling, the reverberation 
of an experience after it has ceased to happen such as a sustained rest. 
A sustained rest in music means that when a progression reaches its 
point of rest within a piece, the music does not stand still, but moves on. 
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Its drive may carry the music rhythmically beyond the last sound. For 
example as in some of Bach’s work, such as the fourth solo suite for cello, 
where the last measure is a silence.

The ‘on stage’ rest or pause moments play a primary role in the 
temporal gestalt. As a musician I shape the rhythmic character of the 
music through pause expressions. The musical pause can form rhythmic 
movements to be, for example, soft and bouncing or sharp and edgy. Like 
a conductor of an orchestra, the pause dictates the rhythmic character 
of the music: the pause is the silence between tones, the moments of 
anticipation, intersections of various kinds, breaks or ‘air’. A conductor 
communicates through her or his gestures and movements, these pauses 
to the musicians in the orchestra. Some expressions of rest were used and 
interpreted by the people testing Rhythm Poetry. One user, Sanna, had 
to extend the pauses between clapping to make the words readable, while 
Jan read the rhythms in the resulting word image through the empty 
space and voids between words. By considering silence as important as 
sound, John Cage found a new approach to compose music (Göran, 2009; 
Pritchett, 1993). Using rest as an equally important temporal shape as activity 
can help designers widen their perspective when shaping the temporal 
gestalt in interaction. 

Resonance of Temporal Shapes
Resonance can be described as a rhythmic relationship between 

temporal shapes, which creates different resonating patterns. At a 
higher level, resonance can also be defined as the fit between the kind 
of interaction of an artefact and the user’s concern, value systems, 
personality, skills, senses, and effectivities (Hummels, 2007). Ingold (2000 
p 154) describes the resonating patterns of a musical ensemble to be a 
precondition for a successful performance. That is to say, sensing and 
watching each other, listening to the sounds of the music, our eyes 
meeting and our bodily gestures are all ‘inseparable aspects of the same 
process of action’. Similarly, when playing the viola, but on my own, I 
use the bow to pull the sounds out of the body of the viola through the 
strings. If I pull too fast, the instrument cannot follow, and the resonating 
pattern between me and the instrument is broken. 

Through my research, I saw how felt shapes of time can be 
designed to resonate with the users’ sense of time. This was the sense 
of resonating that appeared in Sourdough Baking when our sense 

Figure 54. Last part of Cello suite no 4 Bach.
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of rhythmically working resonated with the development of dough 
texture or in Rhythm Poetry when the users’ sense of clapping rhythms 
resonated with the way the system typed words on the screen. In 
the KneedingSound prototype, the participants’ sense of physically 
squeezing the speed of the music resonated with the tempo of the 
sounding music coming out of the speakers. 

In Affective Health, I sketched to find visualisations that gave 
the users a sense of their bodily pulsating and resonating rhythms, 
movements, and changes rather than a numerical measurement of their 
felt reactions over time. The aim was to give a stronger voice to temporal 
representations that resonate with our ‘pulsating selves’ rather than 
reductionist, machine-like, clock-oriented representations of our body 
data. As a result, users could see the resonance created by their bodily 
movements and changes in the patterns of colours and shapes on the 
display. They saw how their heart rate, arousal, and movement varied in 
expression: colours shifted and shapes fluctuated. Instead of measuring 
results, Affective Health showed how bodily rhythms and changes 
resonate in the human temporal gestalt. The resonating patterns of their 
internal world of interwoven rhythms offered an image of themselves 
as resonating temporal creatures. Additionally, a social perspective of 
resonance emerged very strongly in Sourdough Baking. The participants 
worked their dough as they heard, watched, and felt each other’s 
activities. Of interest here were the sensual properties of the relationship. 
The rhythms that the participants felt while blending, kneading, and 
forming were diverse and individual, yet they felt as one: they sensed each 
other’s gestures, subtle glances, and sounds. They formed an ensemble 
that was part of the same process. 

The resonance is sensitive to the rhythms from both users and 
artefacts. Rhythm Poetry showed how fragile the resonating pattern 
is to changes in the design of the system. One subtle change of tempo 
or delay could turn the interaction spontaneous and give the system 
an attentive character. 

Sensuous, Felt Timers
Felt timers help us estimate time through aesthetic sensitivity. 

When setting a clocktimer, we often try to predict the duration of 
an activity. Sometimes we just follow the time schedule given in 
instructions, a recipe for example. A felt timer helps us estimate time 

through our senses, emotions and thoughts, which together can notice 
the slightest change in expression. A felt timer shows you where you are 
in the process. 

In Affective Health, the users had the clock as reference in time 
to link their activities with the visualisation. However, they could also 
interpret aspects of time by their biofeedback data rendered in temporal 
patternings on their mobiles. I asked myself how to design ways to 
measure time through something that is part of the context, as opposed 
to clocktime, which merely symbolises itself. What I found in Sourdough 
Baking was a more complex measurement that took several parts of the 
process and the participants’ sensitivities into account. In Sourdough 
Baking, the dough showed us — when we held on to it, stretched it, 
tossed it or pushed a finger into it — whether we had reached the desired 
state and how much work there was left. The dough formed a felt timer 
that adjusted continuously to the process meaning that, if we stopped 
kneading, the dough, the ‘felt timer’, would never become strong and 
glutinous. It would never reach the desired state or development of time. 
In the subsequent workshop, BodyTimeTech, the Baroque group played 
with smell as timer. Smell from toasting formed a particular felt timer 
that was dependent upon the way it travelled through space and time. 

These ways of describing felt timers calls to mind my work with 
designing for the connection between past and present experiences 
in Affective Health and how the experience of present time unfolds in 
music. In performing music, the aesthetics of the present now might 
seem to be passing since it is a sound, but by performing a strophe or 
melody the now may be expanded and held on to (Göran, 2009). The strophe 
comes from the prior components of the music, from the past, if you 
like, and it is anticipating the future. It ties an extended present together, 
similar to how we sensed the process of baking through the dough 
texture. The texture in Sourdough Baking and the smell in the toasting 
experiment form an analogue to a strophe in music in that they let us 
sense the past and the future in the felt present. 

I have explored how time can be estimated through aesthetic 
sensitivity in Sourdough Baking, music, and explorative interactive 
technology. It shows that if we move beyond clocktime measurements, 
the opportunities to be found in this design-space indicate ways that 
we can estimate our behaviours, movements, outputs, and deliverables 
through expressiveness and aesthetic value.
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Plasticity: Remoulding Felt Time
We can make the experience of time mouldable by treating it as 

plastic. Our bodily rhythms and fluctuations are not metric or linearly 
predictable, neither is our experience of them. In Affective Health, 
we saw how the users’ temporalities as well as their experience of their 
temporalities were plastic and depended upon their emotional, physical, 
and intellectual circumstances. The visualisation of the human data 
in Affective Health fluctuated in form and colour, but it was fed into the 
spiral in a steady pace of seconds, minutes, and hours. Our Affective 
Health interface was, to some extent ruled by time ticked off by the 
clock. The reason for this result was that the biodata was stamped 
with clocktime. While I might have imagined time as plastic the way 
it is perceived through music, in which every kind of tension, every 
qualitative content can be perceived through the sounding forms 
(Langer, 1953 p113), I had completely different and less refined tools and 
materials to work with in Affective Health. Still we managed to treat the 
users’ idea of themselves and their pulsating bodies as plastic, and we 
saw that the users could change and re-imagine their experience of their 
heartbeats, arousal and movements based on their dialogue with the 
system. They could for example re-imagine moments that they first 
thought of as stressful as calmer. 

In comparison with Affective Health, the sense of felt time as 
plastic strongly characterised the aesthetics of the Sourdough Baking 
process and material. Each phase in Sourdough Baking had its own felt 
expression that we were able to shape to fit our individual ways of moving 
and acting. This formed a subtle experience of plasticity in interaction 
in which every movement changed the material and our experience of the 
interaction. In the BodyTimeTech workshop, the Baroque group made 
an attempt to build a temporal gestalt with inspiration from the sense 
of time as mouldable similar to that in Sourdough Baking. They aimed 
to change tempo in music through their ‘KneedingSound’ prototype, 
in which participants could interact by squeezing or releasing the sensor 
enabled memory foam. Their prototype was successful in that they 
managed to treat the temporal gestalt as plastic. 

In Rhythm Poetry, the system listened to the user’s clapping and 
adapted continuously to the emerging clapping sequence. This made the 
user adapt and re-shape her clapping rhythms to what was typed on the 
screen continuously. Rhythm Poetry was characterised by its mouldable 

nature, based on a sense of rhythm and improvisation — like ordinary 
talk. The user and the system shaped the output together. Similarly, 
when performing music, I know and sense that I can shape and re-shape 
time by changing the character of the music. Through moving with my 
instrument, I shape the sounds. I treat time as plastic in the interaction 
with my viola, and the sounding forms speak for that plasticity.

The way of treating time as plastic in the systems, materials and 
prototypes presented above is strongly related to how the interaction 
was performed. The output — the dough texture, the changing tempo 
or words being typed in different manners — continuously adjusted 
to the users’ own subtle sense of time, which was then confirmed and 
strengthened through the interaction. It seems to me that these examples 
present a viable path to design how users can mould their sense of time 
in dialogue with a digital-technical material. 

Aesthetic Transformations of Felt Time
Transformations are operations that help us connect with the 

world in new ways by filtering activities through different expressions 
and forms. It can be for example the transformation of heartbeats into 
colours or shapes and sounding rhythm patterns transformed into poetic 
words. What these transformations do is a two-way movement. The 
things (the expressions) that are the new experiences do something to the 
original experience. In the transformation, the user and the artefact shape 
the emerging experience together. Their interaction creates a new entity, 
a new sense of a shape that is not about meeting halfway, but is a property 
developed by both. 

I have been arguing in my thesis that our existence is suffused 
with felt time and with the rhythmic patterning in our bodies, movements, 
emotions, and thoughts. I have shown that these felt rhythms in all their 
variety can be transformed in and through interactive systems. Doing 
so can create new experiences, delightful ones, but also practical ones, 
those that can help calm the spirit, as we saw in the research on Affective 
Health, or those that create wonder, as with Rhythm Poetry. For example, 
in Affective Health, I transformed the users’ experience of felt time in the 
form of heart beats, arousal, and movement to another form of felt time 
that echoed the temporal shape of the former but somehow also blurred 
the linkage: hence when one sees one’s heart beats as fluctuating colours, 
one starts sensing the heartbeats differently. The interaction created 
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a transformation in which the one affected the other. Similar to George 
Khut’s work, which had to do with transforming the bodily rhythms 
into audio and visuals in several steps (Khut, 2006), it was not about self-
absorption, but about a form of dialogue in relation to the system.

In Rhythm Poetry, the algorithm was designed to transform the 
users’ clapping rhythms into syllables and words. But the results on the 
screen were paradoxical, that is, the new entity, the rhythms perceived 
in words, did not equate to the rhythms of sound. As a result, when 
users saw their clapped rhythm as words they started thinking about 
their felt rhythm differently and in unexpected ways. The change evoked 
transformative engagements. Similarly I transform through playing 
the viola. I move my fingers across the instrument and pull and push the 
bow across the strings. I move and listen and the instrument answers 
through vibration and sound. Together we engage in transformation. 
This is as well what happened in Sourdough Baking: the participants 
moved, the dough changed and they transformed together.

With aesthetic transformations we can experience time as 
palpable, not just a part of everything — all aspects of the felt life 
— but alterable, something we can design for and with. This entails 
re-imagining how to shape emotional and sensual dynamics in the 
interaction gestalt. Designers can transform the very way we use time, 
touch time and sense time in interaction design, and these efforts, 
if successful, could mean real changes in the way interaction design 
operates. Without transformation or true change between the ways we 
connect our actions with physical and digital materials, there will be 
no real new perspective and no possibility for new experiences.  

‘Make your interactions with people transformational, not just 
transactional.’ (Patti Smith)
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Through my practice-based as well as my theoretical work, I have gained 
understanding into how to broaden the way we treat time in interaction-
design research. The main contribution of my research is the key aspects 
of felt time which emerged through my research explorations. Through 
articulating the aspects, I point to a space where designers can playfully 
explore and re-imagine the sense of time that physical materials and 
interactive systems can deliver.

I have emphasised that we consist of, are surrounded by, and 
constantly create, outside clocktime experiences and that the tension 
between clocktime and outside clocktime is a space for playing with the 
aesthetics of temporal experience in interaction. 

One part of this space is non-clocktime rhythms and how they 
shape temporal experiences. For example elements of activity and rest, 
are weaved together into a process such as baking or a piece of music. 

In common to those rhythms are the rest and pause moments 
that form their vitality. 

One way of working with time is to see how felt shapes and 
rhythms of time resonate through the temporal gestalt in interaction. 

Felt timers help us estimate time through aesthetic sensitivity. 
If we want to know what the time is relative to a process, we need ways 
to examine and measure the time that is sensually refined. For example 
the texture in baking works as a felt timer. By listening to and sensitively 
probing sensual changes, we can orient ourselves in time.

We can treat time as plastic, that is, by approaching time as 
a form and shape that we can hold on to, squeeze, stretch, sensitively 
measure and weave together into temporal gestalts, we can find tools for 
delivering a plastic sense of time in systems, artefacts and services. 

Finally, I have, throughout my research, worked with aesthetic 
transformations. These processes filter activities through different forms 
and expressions and unfold possibilities to connect with the world in new 
ways. Re-shaping temporalities such as heartbeats or walking or talking, 
can provide a changed sense of the original one. It can lead people to start 
experiencing things from new perspectives and with a different approach. 

Through these aspects, I advocate the importance of being 
sensitive to felt forms and expressions of time and to having an evocative 
design language of time to approach the temporal gestalt in interaction.

I have investigated possibilities of how to use biosensor output 
to create an interactive visual display through which people could 

reflect upon their lifestyles and behaviour by watching their reactions, 
rhythms, and changes in real time and through the past. This work 
entailed developing the Affective Health system. I staged a specific 
aesthetic laboration with Sourdough Baking, which entailed working 
with an embodied time-dependent process with a living material. In 
this work, I sought to apply felt knowledge of time to interaction-design 
research by bringing the disciplines of Sourdough Baking and interaction 
design together. I staged an explorative workshop, BodyTimeTech, in 
which I showed possibilities of how to transfer aesthetics of felt time 
in Sourdough Baking to interaction-design research. I have developed 
Rhythm Poetry: an interactive system designed as a probe to collect 
reflections and reactions which revealed ways that felt rhythms can be 
transformed and re-imagined through a dynamic interplay between a 
person and a system. 

I have used my own background and felt knowledge of time in 
artistic practice of music to further develop and articulate my research. 
Although my research did not aim to develop music practice, I notice 
today when I pick up my viola to play that I have deepened my sense and 
awareness of the temporal. 

A sense of Time
How do interaction designers approach the aesthetics of felt time? 
Can we approach them through the aspects that I propose? My thesis 
shows the importance of being sensitive to the aesthetics of temporal 
expressions, to an expressive language of time. By building a felt time 
repertoire, designers can feed a sense of time into their design work more 
sensitively, and this can help them produce an interaction gestalt that is 
richer, more sensual, more aesthetic; with this gestalt, they can ‘blend’, 
‘knead’, and ‘form’ time. 

My research on this question suggests that this process is not 
entirely easy, however. One has to develop a ‘feel’ for time. I know I fought 
with this issue and, for a long time, could not formulate my thoughts 
properly; not in words certainly, nor in sketching. My ‘feel’ remained 
‘clock-like’, but gradually I learnt that time can be shaped; I learnt that 
one form of time can be shaped into another, that clocktime could be 
made into other forms. I learnt as well that these transformations are not 
merely possible, but evocative; this point is very important — they open 
up the design imagination. 
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A personal reason that formed a driving force for my research was 
that I searched for ways to bring my own felt life of time in music into 
interaction-design research. By turning to aesthetics and artistic practice, 
I hoped to find keys to this quest. Using Sourdough Baking and music 
to understand felt time in interaction-design research is not a trivial 
pursuit, but through connecting my research to artistic practice, I have 
uncovered a potential of temporal aesthetics in interaction design. Time 
as experience is an infinite problem, and, in interaction design research, 
we are far behind other practices and research areas. Thus, this work can 
never really be completed, because it is only one step towards the ongoing 
formation of new interaction-design practices. But, rather than seeing 
this fact as a problem, we should see it as a challenge — an opportunity 
to develop our field. There is a whole design space here that has been 
untapped. Time vibrates and thickens, firms and smoothens, stretches 
and sticks. We recognize and experience our world through these 
temporal forms, through movement and change, and retain all these 
impressions in our memories. We also anticipate these temporalities in 
the future — in what we expect. Time in life is a constantly emerging and 
re-created felt experience.

As designers, we can work with felt time not only from a utility 
perspective, but from an aesthetic point of view as well. Rendering time 
in different forms and expressions make the temporal more available 
to people, encouraging reflective practices and use of time. The aspects 
that I present is a source for exploring felt life of time with interactive 
technology. They unpack different ways of thinking about time and 
point to possibilities for rendering data in for example sports, health 
and wellbeing as something that is not only portraying and transcribing 
rhythms and movements in the present now but also considers 
transformative engagements and an extended present. The aspects point 
to transformations that encourage rich interpretations and imagination 
of data that we collect or capture. They point to how designed artefacts 
can encourage people to treat time as mouldable, something that is 
developing in relation to the processes and interactions that people are 
involved in. They point to how we can connect a bodily sense of time with 
the sense of time expressed through various time-based media. People 
can move in or out of clocktime, they can stretch time, weave rhythms 
of work and leisure together, make some time soft and bouncing and 
other time sharp or large. Design researchers can develop a practice 

where interaction with designed services and artefacts is not only 
about measurement and ease-of-use, but also expressive creativity and 
critical reflection on time and temporality. The possibilities for applying 
alternative ways to think about time are wide and encompassing. Our 
society is permeated with a particular timeview that is changing, partly 
through the development of interactive technology.

 As I look around the world today, I do not think that time has to 
become simpler, more linear, more linked to clock-like rhythms of our 
smart phones or our wearables and social networks. The second decade 
of the 21st century is not one, big, technological rhythm, but many, and 
all are emerging and re-imagined. If we begin to act with the temporal 
expressions, creating new possibilities for experiencing felt individual 
and shared time and temporalities, we can make new shapes, a new feel to 
21st century life. It may be that the world we create will look peculiar but 
it may also be one that makes us happier or less stressed. With new forms 
of time, perhaps we can make time for us to live, to be, to shape what we 
want. My hope is that this thesis opens a door for further explorations 
into the aesthetics of felt time.
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