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Summary

Self-tracking technologies that attend to physiological processes
artificially turn bodies inside out. Feminist theorists and
phenomenologists show that the body is not an a-historical, pre-
cultural or neutral object to be discovered through biological science.
These theories reject Cartesian dualism, where the self is split into the
cognitive mind and the mechanical body. They warn that this attitude
leads to the erasure and oppression of bodies that do not fit the white,
male, able-bodied norm that is held preferable in Western society. It is
therefore relevant to consider the particular ways in which we
understand and define the body within the design self-tracking
technologies. This dissertation shows how current self-tracking
technologies can be seen to treat the body as an object of science; to be
measured and diagnosed through quantitative and normative
practises. This approach to the body risks re-enforcing reductive and
essentializing perspectives through treating the body solely as an
object.

In an attempt to imagine alternatives to Cartesian dualist designs of
self-tracking technologies, feminist theorist Elizabeth Grosz's theory of
‘embodied  subjectivity’ is adopted and augmented with
phenomenological theories on how the inside of the body is
experienced. Grosz's theory holds that the body as object and the body
as subject are entangled in a mobius-strip-like relationship. This
approach seems relevant where the group of users or the design case
at hand is a particular facet of the body or anatomy; a particular
chronic disease or one aspect of anatomy or morphology. This
approach highlights how the body is not a neutral design space and
supports designers in making choices about the body politics they
want their devices to enact. The approach of designing for embodied
subjectivity is explored and developed through the design of two self-
tracking devices; Ambient Cycle, a menstrual cycle tracking device that
visualises data through ambient colour changes in the home
environment, and Ovum; a ceramic ovulation tracking device that
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projects a magnified silhouette of the user’s saliva sample out into the
room, when the user is fertile, salt crystals appear in this projection.

Long-term deployments of Ambient Cycle and Ovum showed how the
approach of designing for embodied subjectivity supported a less
normative notion of the body by facilitating the tracking of a wide
range of bodily experiences; facilitated conversations and reflections
on body politics in society; and produced novel, positive, forms of
interactions with the insides of bodies, rather than interactions that re-
enforced that the biological body was an aspect to be negated and
controlled through self-tracking. In presenting the particular ways in
which Ambient Cycle and Ovum failed to live up to participant’s
expectations of self-tracking devices, this research highlights how
Cartesian dualist definitions of the body is still present and preferred
in self-tracking practices, even when irregularity, uncertainty and
inaccuracy is an inherent aspect of the body itself. Other contributions
include accounts of the implications of designing for embodied
subjectivity on the experience of the designer and the removal of
technologies as a research method that produces knowledge through
disturbing user’s habitual relationships with their devices.
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Sammenfatning

Self-tracking teknologier, som bruges til at analysere vores
fysiologiske processer, vender kunstigt vrangen ud pa vores kroppe.
Feministiske teoretikere og feenomenologer viser os, at kroppen
hverken er en ahistorisk, prae-kultural eller neutral sterrelse, som kan
udforskes ved hjeelp af naturvidenskaben. Disse teorier afviser
kartesisk dualisme, hvor selvet kan opdeles i et kognitivt sind og en
mekanisk krop. De advarer ogsd om, hvordan denne holdning kan fore
til udviskning og undertrykkelse af kroppe, som ikke passer ind i den
hvide, maskuline, sunde og raske norm, der foretraekkes i den vestlige
verden. Derfor er det relevant at overveje de bestemte mader, vi forstar
og definerer menneskekroppen pa, nar man designer self-tracking
teknologier. Denne afhandling viser, hvordan eksisterende self-
tracking teknologier kan opfattes som at behandle kroppen som et
naturvidenskabeligt objekt, som skal males og diagnosticeres ved
hjeelp af kvantitative og normative metoder. Denne tilgang til
menneskekroppen risikerer at forsteerke reduktionistiske og
essentialistiske holdninger ved udelukkende at behandle kroppen som
et objekt.

[ et forseg pad at forestille mig alternativer til kartesisk dualistiske self-
tracking teknologier, bruger jeg den feministiske teoretiker Elizabeth
Grosz  teori om “embodied = subjectivity” sammen  med
feenomenologiske teorier om, hvordan kroppens indre opleves. Ifolge
Groszs' teorl er kroppen som objekt og kroppen som subjekt uleseligt
forbundet som et Mobiusband. Denne tilgang er relevant nar design
casen er et bestemt aspekt af kroppen eller anatomien, en kronisk
sygdom eller et aspekt af anatomi eller morfologi. Denne tilgang
understreger, hvordan kroppen ikke er et neutralt designomrade og
understotter designere 1 at treeffe beslutninger omkring, hvilken
kropspolitik de vil have deres devices skal agere under. Jeg
undersoger, hvordan man kan designe for at imedekomme "embodied
subjectivity” og udvikler dette ved at designe to self-tracking devices;
Ambient Cycle, en menstruations tracking device, som visualiserer



data igennem omgivende farveskift i hjemmet, og Ovum, en keramisk
eeglosnings tracking device, som projicerer en forsterret silhuet af
brugerens spyttest ud 1 rummet. Nar brugeren har seglosning, er der
saltkrystaller i billedet.

Leaengere tids brug af Ambient Cycle og Ovum viste, hvordan tilgangen
med at designe for oget "embodied subjektivity” understotter en
mindre normativ opfattelse af kroppen ved at facilitere en bred vifte af
kropslige oplevelser. Det faciliterede samtaler og refleksioner over
kropspolitik i samfundet og producerede nye, positive former for
interaktioner med kroppens indre i stedet for at skabe interaktioner,
der forsteerker et syn pad den biologiske krop som noget, der skal
negeres og kontrolleres gennem self-tracking. Ved at fremlzegge de
aspekter af Ambient Cycle og Ovum, som ikke stemte overens med
deltagernes forventninger til self-tracking devices, kaster denne
forskning lys over, hvordan kartesisk dualistiske definitioner af
kroppen stadig er fremherskende og foretrukne i self-tracking
procedurer, selv nar uregelmeessighed, usikkerhed og manglende
preecision er uundgéelige, nar man har med menneskekroppen at gore.
Der medfolger ogsa andre overvejelser omkring implikationerne af at
designe for embodied subjektivity for designeren og hvordan man kan
fjerne teknologier som en forskningsmetode, der producerer viden ved
at forstyrre brugernes vanemeessige forhold til deres devices.

Vi
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Introduction

Over the last three years I have explored possible and
preferable futures for the design of technologies that track
inner-body processes. There are typically three cases in which
technologies are used to provide information about the insides
of the body. The first case is to be found inside the clinic. This is
where healthcare professionals employ technologies to
measure the body in times of ill health. An example of this is the
heart-rate monitor positioned beside the hospital bed. The
second use case is where technologies are prescribed by
healthcare professionals to be used outside of the clinic either
to prevent, manage, or improve ill-health. Patients uses these
devices on their own bodies. A common example is the glucose
measuring device that is used in the management of diabetes. A
third, emerging, use case is where users themselves adopt so-
called self-tracking devices to gain more insight into their own
health and bodies.

Self-tracking, which is also referred to as the quantified self,
personal informatics or personal analytics, has long been
practised through analogue means such as journaling, the use



of calendars, and writing down numbers by hand (Lupton, 2014c;
Wernimont, 2018). Increasingly, developments in hardware and
software facilitate a range of possibilities for collecting,
measuring, computing and displaying self-tracked data through
technological means (Crawford, Lingel, & Karppi, 2015; Lupton,
2014c; Wernimont, 2018). The majority of commercial devices
and research on self-tracking attends to the self-tracking of
steps, actions, moods and behaviours. However, due to both
technological developments and advancements in biological
science, self-tracking is also increasingly applied to inner-body
processes in cases such as chronic diseases and syndromes
such as migraines, digestive health and to track physiological
processes such as pregnancy, heart rate, the menstrual cycle
and menopause. These technologies are not prescribed by a
healthcare professional, but rather purchased commercially
and adopted by users of their own volition. These devices are
either in the form of mobile apps, or hardware devices that are
often paired with mobile apps. These technologies make visible
aspects of bodies that were previously invisible; “what was
depth is artificially made to surface” (Leder, 1990, p.53).

Devices that track the insides of the body either use clinical and
quantitative methods to measure the body directly through
sensors or employ user’s self-reporting of felt symptoms to
understand and track what is happening in the inside of the
body. Some self-tracking devices use a combination of these two
methods. The research presented in this dissertation attended
specifically to cases where users decide themselves to adopt
self-tracking technologies to provide information about the
insides of their bodies.



There are two particular implications of these types of self-
tracking technologies. These implications represent my key
areas of interest. The first implication of the adoption of self-
tracking devices is the fact that these technologies use clinical
methods within non-clinical settings. What was previously the
domain of the clinic is now migrating into our homes, pockets
and onto our bodies (Ludden & Vallgarda, 2019). This means that
interactions between users and their own data that would have
previously been mediated by a healthcare professional now
takes place between users and their technological devices. A
range of other factors, such as variations across participant’s,
social contexts, resources, places and routines, also influence
the experience of self-tracking in a non-clinical setting (Elsden,
Selby, Durrant, & Kirk, 2016; Gronvall & Verdezoto, 2013). How
these factors are addressed is a concern directed towards the
design community. One such example of a designerly approach
to addressing the non-clinical context that self-tracking is taken
place within is the Philips uGrow baby development tracker
(Figure 1.). The design of this device reflects the fact that
multiple people will participate in tracking of the health of a
baby (Kollenburg et al, 2018). The use of wood and the
aesthetics of the device are used to reflect the domestic
environment that uGrow will be used within. My own research-
through-design process explores what these non-clinical
contexts could mean for the design of self-tracking technologies
in terms of their materiality, form and the interactions they
afford between users and the insides of their bodies.



Figure 1. The Philips uGrow baby development tracking device
(Kollenburg et al,, 2018).

The second implication of a proliferation of technologies
designed to track the inside of the body outside of the clinic is
the fact that clinical processes are now being applied to track
and measure healthy bodies (Lupton, 2013, 2014b). Self-tracking
devices are not adopted as a form of necessary medical



intervention, but rather with other aims and motivations. This
includes “documentary tracking”, where there is no goal beyond
the act of tracking itself (Rooksby, Rost, Morrison, & Chalmers,
2014). By providing increasingly granular data on the insides of
the body, these devices re-configure cultural and societal
definitions of the “normal” and “healthy” body through their
design (Chrysanthou, 2002). Self-tracking practices often act as
a form of patient-led preventative health-care (Macri, Mirarchi,
Pagliaro, Russo, & Vizza, 2015). The body is kept “healthy”
through monitoring and “nudged” to adapt lifestyle choices in
accordance with data (Schiill, 2016). Knowledge about the body
i1s no longer only produced through felt sensations, but also
through medical and scientific models based upon objective,
biological facts. This means that user is both the active observer
as well as the passive object being observed, and this influences
how the body is experienced and conceptually understood
(Ruckenstein, 2014; Smith & Vonthethoff, 2017).

My research works from a belief that medicine and science are
never outside of culture, and that these cultures shape how the
body is lived and understood societally (Harding, 1986; Lupton,
2012).Targue that the proliferation of technologies used to track
the insides of the body in non-clinical context and in non-
medical cases already facilitates new cultures around the body
In Western society. Designers of digital technologies will be as
influential as healthcare professionals in shaping these new
cultures through the devices they design (Btihaj, 2018; Lupton,
2020). The pertinent question for designers then becomes; what
kinds of cultures around the body do we want to support
through the devices we design?



Research Perspectives

The research presented in this thesis is possible because of
current research perspectives both in the self-tracking domain,
and in the field of design within human-computer-interaction
(HCI). Current perspectives in the domain of self-tracking show
self-tracking to be a practice that fundamentally changes who
self-trackers are and how they come to understand themselves,
and current perspectives in design acknowledge that designers
are influenced by, and go on to influence, cultural and societal
norms and values through the devices they design. My own
research perspective, which is influenced by my background
and positionality, also shape the types of questions I ask and the
ways in which I conduct research.

Research Perspectives Within Self Tracking

Research perspectives within the domain of self-tracking have
changed over the last few decades. Rather than conducting
research with the solutionist aim of producing efficient and
accurate devices that result in better health and fitness
outcomes, researchers instead attend to how self-tracking
practices take place in situ (Ayobi, Marshall, & Cox, 2016; Elsden
et al,, 2017; Morozov, 2013). There has been a move away from
understandings of self-trackers as ‘rational data scientists”
carrying out scientific investigations on themselves in a
bracketed and controlled environment (I. Li, Dey, & Forlizzi,
2010). Designers are now recommended to consider the
psychological, societal and cultural, and social factors of
everyday life in both the design and in the evaluation of the use
of self-tracking devices (Elsden, Kirk, Selby, & Speed, 2015;
Epstein, 2015; I. Li et al,, 2010). Terms such as “lived informatics”
(Rooksby et al, 2014), ‘lived data” (Kaziunas, Lindtner,



Ackerman, & Lee, 2018), and ‘lively data” (Lupton, 2016a) all
point to perspectives that attend to the phenomenological
experience of self-tracking. For example, Sharon and
Zandbergen, (2017) show that, although gaining objectivity and
self-optimization through “data fetishism” may be a key initial
motivation in the adoption of self-tracking technologies, self-
trackers in fact use data in practices of mindfulness, as means
of resistance against social norms, and as a communicative and
narrative aid (Nafus & Sherman, 2014). This shift in perspective
is also evident in the types of research methods used. Situated
methods such as ethnography (Nafus & Sherman, 2014;
Schwennesen, 2017) and autoethnography (Forlano, 2017;
Salmela, Valtonen, & Lupton, 2019; Williams, 2015) are used to
understand how self-tracking practices are carried out in the
wild. This perspective has also resulted in the acknowledgment
that episodic use and the abandonment of self-tracking devices
is a normal aspect of self-tracking, rather than a failing in the
design and usability of the artifact itself (Epstein, Caraway, et
al,, 2016; Epstein, Kang, Pina, Fogarty, & Munson, 2016; Gorm &
Shklovski, 2017).

Current research on self-tracking shows that the design of self-
tracking technologies influences the users experience of their
own bodies and, consequently, how they understand
themselves. These devices operate as a “laboratory of the self”
(Kristensen & Ruckenstein, 2018). Identities, selfhoods and
embodiments are produced through interactions with self-
tracking devices (Lupton, 2014a, 2014c, 2020). Self-trackers are
fundamentally changed by their interactions with devices.
Sociologist Deborah Lupton argues that, although there is a
large body of literature on the ways in which self-tracking is
enacted through digital technologies, “little attention has been



paid to the ways in which the specific types of hardware and
software that are used as part of the contemporary self-tracking
cultures draw on, reproduce and in some cases reconfigure
concepts of selfhood” (Lupton, 2014a, p.79). Similarly, Rapp and
Tirassa (2017) describe how a theoretical foundation is missing
to the particular type of “self” being designed for within self-
tracking. They state that the discourse “emphasize(s) the
benefits that allegedly derive from “self”-reflection and “self”-
knowledge, but what is the “self” they are designed for?” (Ibid,
p.337). Rapp and Tirassa argue that most understandings of the
“self” in research on self-tracking are drawn from behavioural
models. These are inadequate as they account for only external
manifestations that account for what self-trackers do, but not
who they are. Rapp and Tirassa propose that researchers
should reject a behavioral, external perspective and instead
adopt a wider philosophical and existential enquiry into how
theories of self are used, developed and produced in self-
tracking.

Though there are a number of examples of philosophical and
theoretical enquiries into what understanding of self has been
used in the design of self-tracking technologies, there are far
fewer projects that take up this enquiry through the design of
the self-tracking technologies themselves. Some researchers,
including Rapp and Tirassa (2017), provide guidelines for how
self-tracking  technologies might be designed with
phenomenological theoretical commitments. Similarly, Ohlin
and Olsson also present guidelines for post-phenomenological
approaches to the design of self-tracking devices (Ohlin &
Olsson, 2015). One important exception is JafariNaimi and
Pollock’s research exploring the results of adopting a feminist
approach in the design of heartrate tracking devices to as a



way of troubling the androcentric dominance of modern
scientific lenses on the body (Figure 2.) (JafariNaimi & Pollock,
2018). They use a material engagement with the way in which
data is interpreted by designing variations of heart-rate
visualisation devices that aim to be evocative rather than
authoritative. Through their research, JafariNaimi and Pollock
call for an inclusive definition of science as a postcolonial,
queer, and feminist enterprise through explorations into how
physiological data is visualised and presented. This is done
through exploring the relationship between matter and
meaning. In my research, I have answered this call to
interrogate the politics and cultures of science through asking
philosophical and existential questions about the “self” being
designed for. These questions are addressed through the
process of designing critical and speculative self-tracking
devices.

Interpreting the Graph

Amplitude :: Frequency ::
Respiratory rate Heart rate

A "‘Mﬂ».‘ L
""""l. '-“:.‘,“J\"“l‘

shallow breath deep breath low heart rate high heart rate

Color :: Galvanic Skin Response (SGR)

lower sweat higher
response sweat response

Figure 2. A diagram presenting the construction behind JafariNaimi and
Pollock’s proposals for how physiological data might be visualised as flowers
(JafariNaimi and Pollock, 2018).



Research Perspectives in HCI

My research is situated within current landscapes within the
field of human-computer-interaction (HCI). Research
perspectives in HCI have shifted in relation to how technologies
have become embedded in all aspects of our lives; HCI is well
into its ‘third wave. A third-wave approach to HCI
acknowledges the emotional, embodied and social aspects of
interactions with technologies, rather than focusing on
technologies as tools for work and completing tasks (Bodker,
2006).

My own research draws on and develops third-wave
perspectives that prompt questions about how technologies
shape and define “the good life” (J. Bardzell & Bardzell, 2015). As
technologies become increasingly ubiquitous, HCI researchers
have begun to ask whether the design of technological devices
really benefits all users. These questions require a humanistic
approach to HCI and called for enquiries into the values
embedded in and enacted by technological devices (J. Bardzell
& Bardzell, 2015). Critical theories are often used to interrogate
the mechanisms in which social injustices are reproduced
through technologies (S. Bardzell, Bardzell, Forlizzi,
Zimmerman, & Antanitis, 2012). This is evident in approaches
such as reflective design (Sengers, Boehner, David, & Kaye,
2005), the CHI4Good and the HCI for development (HCI4D)
movement (Toyoma, 2010), value-sensitive design (Borning &
Muller, 2012), feminist HCI (S. Bardzell, 2010), and post-
colonialist design and approaches (Irani, Vertesi, Dourish,
Philip, & Grinter, 2010). These examples are often motivated by
addressing under-served groups in HCI with the perspective
that once we become aware of and reflect on the varying
assumptions and biases embedded in our view of the world,
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then we can re-configure our approach to developing
technologies in order to combat injustice in society through
taking up particular theoretical commitments. The research
presented in this thesis builds on the perspective that the
objects we design shape politics and cultures (Winner, 1980).
This perspective acknowledges that cultural and societal norms
and values are both embedded within and enacted by the
devices we design (DiSalvo, 2012; Nunes et al, 2015). As
Frauenberger states, "our choices matter, quite literally”
(Frauenberger, 2019, p.17).

From the perspective that cultural and societal norms and
values are both embedded within and enacted by the devices we
design, the question of which conceptualisation of “self”
designers are designing self-tracking devices for becomes more
pertinent. Current research perspectives in self-tracking state
that designers are not only designing technological devices, but
also bodies and selfhoods (Lupton, 2016b; Smith & Vonthethoff,
2017). Johan Redstrom states that definitions are made through
design (Redstrém, 2018). Designers of self-tracking devices are
not only making definitions of the practice of self-tracking
through their designs of self-tracking technologies, but they are
also making definitions of bodies and body politics in society
and culture. Current research perspectives in HCI would
therefore state that the understanding of the “self” that
designers design for is shaped by the cultural and societal
norms and biases of the designer. These norms and biases are
then embedded into devices that go on to shape culture through
their use. There is a choice for designers to make between re-
enforcing current cultures around the body and the “self” in
self-tracking and re-imagining these cultures through their
design work. Working from these perspectives, I first present a
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critique of current, Cartesian dualist cultures around the body
before adopting feminist and phenomenological theoretical
commitments and applying these commitments in the design
process of developing self-tracking technologies.

My Own Research Perspective

In order to counter the “god trick” and the “gaze from nowhere”
that gives research an air of false objectivity, it is important to
declare my own perspective as a researcher (Haraway, 1988;
Bardzell and Bardzell, 2015). This has been an individual project
in terms of the framing of the research topic and research
program, but I have collaborated with others in the IxD Lab at
ITU in the design and fabrication processes. My co-authors and
collaborators have shaped my research, but since [ am alone in
writing this kappa, I will only account for my own research
perspectives.

Digital humanities scholar Jaqueline Wernimont asks “(d)o we
really want a suite of quantifying tools built largely by a long
progression of white Christian men to be the dominant media
for understanding and living human life? Can we imagine other
possibilities?” (Ibid p.159). My own position as a woman, as a
feminist, as an interaction designer, and as a researcher with a
background in contemporary dance enables me to “imagine
other possibilities” of self-tracking cultures through design. It is
evident that these three factors have deeply influenced both
the types of questions that [ have asked as well as how I have
conducted my research.

Being a woman and a feminist provides me with a critical eye
due to my particular standpoint in the world (Haraway, 1988;
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Harding, 1986). I see and feel injustices and gender inequalities
in a way a male researcher would not. My position as a white
woman also means that I perhaps do not see racial injustices in
the same way as non-white researchers. It is possible that I
would not have entered into research on women's health
technologies, which have been my main domain, if [ were not a
woman with previous experience of these devices myself. My
position as a person who menstruates has not only been a
reason that [ have entered into this domain but has also been a
useful tool throughout this research. I have been able to use my
own experience empirically through methods such as
autoethnography.

It has only been in the last year or so that I have reflected on the
extent to which my training and earlier profession as a
contemporary dancer has influenced my work within
interaction design. Because I am no longer dancing and using
movement as a research method, I did not see the strong link
between my past and present career. Dancing brought me to the
field of interaction design, but it is not movement that is the
linking factor. Looking back on my previous choreographic
work it becomes evident that my interest was always in
exploring how cultural and societal norms shaped the body. One
of my earliest research projects during my bachelor’s degree at
the Northern School of Contemporary Dance addressed how
movement is gendered. [ began by studying empirical research
on the variations between male and female skeletons and was
surprised to discover the extent to which societal norms shapes
gendered movement, rather than anatomical and skeletal
differences. My choreographic practice then involved
understanding ways in which my own movements were
gendered. In the following years as a professional dancer and
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choreographer 1 explored de-constructing sexualised
movements in performances based upon research conducted in
strip clubs. My main interest was how movement facilitate the
transition between the un-sexualised body and the sexualised
body. On reflection, it is no surprise that I have ended up with
this thesis topic. It is clear that my interests and perspectives
have led me to just another way to explore how bodies and
conceptualisations of bodies are shaped by the cultures that
they are situated within.

Motivation

As discussed, my research is motivated by a belief that
developments in the field of self-tracking and medical
technologies already signal the emergence of a new culture
around the body; one that will be shaped by designers as much
as doctors and biologists (Ajana, 2018; Lupton, 2014c). My
motivation is that we, as designers, might use this momentum
to re-configure, rather than just replicate, cultures around the
body. By making feminist and phenomenological commitments,
we may design better and more feminist futures for
technologies that provide information about the body.

Through presenting untold stories about the histories of
current technological devices, it is possible to understand the
cultural underpinnings that have produced them. Providing
histories allows designers the knowledge and choice to either
re-enact or re-configure these cultures (Rosner, 2018). A key
event in history that still shapes Western culture today was the
adoption of the metaphysics of philosopher and scientist René
Descartes who lived from 1596 to 1650 AD. Descartes’ work
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sparked a new understanding and application of science. One of
Descartes’ main proposals was that the “self” comprised a
dualism of an irrational, animalistic, machine-like body and a
rational, cognitive, ensouled, mind. He stated that the body was
amachine that could be divided up, improved, and fixed through
mechanical interventions. This statement conflicted drastically
with pre-modern understandings of the body as a holistic entity,
owned and governed by God, and shaped by its environment
(Foucault, 1963; Drew Leder, 1992). This later sparked an
epistemological and ontological revolution leading to the birth
of modern medicine in the early eighteenth century (Drew
Leder, 2013; Svenaeus, 2000). Through situating self-tracking
within historical understandings of bodies and selfhoods, it is
evident that Cartesian definitions of the self are still used today,
and even exaggerated, in how the body is approached within
HCI (Hook, 2018). From this perspective, the biological body is
viewed as an object that can be neutrally discovered, controlled,
and optimized through the application of biological science and
quantification by the rational and cognitive self-tracking
subject (Rose, 2001; Viseu & Suchman, 2010; Williams, 2015).

My motivation behind challenging existing cultures in the
design of self-tracking technologies is a belief that the Cartesian
dualist epistemology is problematic, both in how it supports a
reductive and essentialising approach to lived experience, as
well as how it perpetuates injustice in society. Philosopher Drew
Leder describes Cartesian dualism as ‘onto-valuational’
Cartesian dualism was not only an approach to metaphysics
and the ontology, Cartesian dualism also went on to shape and
support certain power-structures and cultural and societal
values (D Leder, 1990). Feminist theory and phenomenological
theory both challenge Cartesian definitions of the “self” as a
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dualism of a mechanical, animalistic body and a rational mind.
Feminism is a political movement that interrogates gender
relations in society with the goal of obtaining gender equality.
Phenomenology is a philosophical study of lived experience
that brackets off scientific and metaphysical knowledge of the
world from the direct experience of the subject. Phenomenology
holds that the world is always a world-as-perceived, rather than
a scientific object or a thing-in-itself, thereby living up to
feminism'’s ideals and criticisms that scientific depictions of the
world are never value-free since there is no objective reality to
be discovered. Feminism and phenomenology are mutually
compatible; feminist theory compensates for the tendency for
phenomenological theory to work from a universalizing,
typically male, wunderstanding of the body, and
phenomenological theory compensates for feminism'’s lack of
detail in accounting for the nuances of how the body is lived and
experienced (Ahmed, 2006; Fisher, 2000; Grosz, 1994).

Phenomenological and feminist theory agree that mind/body
binaries lead to man/woman, nature/culture distinctions and
power structures (Grosz, 1994; Drew Leder, 1992). A dualist view
that the mind is superior to the uncontrolled and animalistic
body has been used to label the body as inferior. At the societal
level, groups such as women, labourers, those with disabilities,
and non-white people, who are more closely associated with
their bodies, are defined as unruly and irrational and unsuited
for positions of power (Grosz, 1994; Merleau-ponty, 1968;
Shildrick, 1997). Descartes’ ideas resulted in a preference for
objectivity, rather than subjectivity in the production of
knowledge about the world (Sorrell, 1987). Dualist
understandings of the body therefore risk the promotion of a
narrow biological determinism and essentialism. In this,
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assumptions about who somebody is, are based upon their
anatomy, due to the fact that the body as an object is seen to
hold inherent “truths” about who that person is and how they
will act (Price, Shildrick, Shildrick, & Price, 1999). This reductive
and oppressive approach to defining humans has been used in
un-inclusive practices such as equating sex to gender, and in the
argument that women are unfit for positions of power due to
their unstable, leaky and uncontrolled corporeality (Shildrick,
1997). Replicating dualism in the design of self-tracking tools
risks replicating patriarchal cultures that support an
oppression of those associated with their bodies. In light of this,
my research is motivated by a desire to explore how non-
Cartesian dualist self-tracking technologies might be designed.

As well as contributing to the domain of self-tracking, my
research is directed towards researchers designing for the body
within HCI. A final motivation behind my research is “the
challenge to designers is to take seriously the valuation of the
lived body and our capacity to act within designed systems and
procedures.” (Loke and Robertson, 2011, p.182). Phenomenology
has been an important source for designers to draw from, most
notably within the field of embodied interaction design
(Dourish, 2001; Svanees, 2013). However, there have also been
critiques that state that embodied interaction design lacked a
body (Dourish, 2013). Kristina Hook states that “embodied
interaction did not speak of our muscles, our nervous systems,
the ways we can and cannot move, our skeletons, how emotions
are processed throughout our brain, releasing hormones,
activating muscles, attention and perception, and how those
elements would change and be shaped by new interactions” (p.
xxi). The fact that self-tracking centralises the body makes this
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a particularly rich site in which to continue to develop the field
of embodied interaction design.

The design space for the research presented in this thesis is the
inside of the body outside of the medical domain. To date,
embodied interaction design has taken seriously the flesh of the
body as shaping perception; that the world comes into being
through our embodiment, including through our bodily senses
(Dourish, 2001; Svanzes, 2013). However, the insides of the body
as a design space is still a burgeoning area of research
(Homewood & Heyer, 2017; Z. Li, Brandmueller, Mueller, &
Greuter, 2017). This is one motivation to adopt the philosophy of
phenomenologist Drew Leder. Whilst Merleau-Ponty has been
one of the main phenomenologists that the field of embodied
interaction design draws from, Merleau-Ponty did not begin to
attend to the insides of the body until his final, unfinished book
“The Visible and The Invisible”, and these theories did not
attend directly to how inner body processes shape perception
(D Leder, 1990; Merleau-ponty, 1968). Leder builds upon
Merleau-Ponty’'s theories about how the body shapes
experience of the world and offers a “phenomenological
anatomy” that is relevant to apply to research on self-tracking
technologies that address physiological processes. The domain
of self-tracking the insides of the body represents a design
space where phenomenological accounts of lived experience
are contrasted with rationalist scientific information about
what goes on beneath the surface. To apply phenomenological
theories to physiological process creates an epistemological
battle ground. My research is motivated by a desire to explore
what is required to extend the phenomenological commitments
of embodied interaction design to the domain of the insides of
the body, and what the implications of this might be.
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The Research Program

Rather than framing a design problem, and offering a solution
to that problem through design, this dissertation presents a
research program. A research program aims to raise problems
and questions rather than solutions and answers (Redstrom,
2018). As Redstrom states, “we can use programs to articulate
provisional foundations, to state worldviews that we want to
explore as if they were true so as to learn something about what
kind of design they would lead to” (Ibid, p,97). In adopting a
programmatic approach to design research, I am able to take up
an adversarial position as a designer through my four design
experiments, and expand, multiply, intensify and complicate the
issue at hand (Figure 3.) (DiSalvo, 2012).

Practice
Removal Ambient Inaction
asa Cycle as a Design
Method Decision
Worldview

Embodied Subjectivity

Figure 3. The research program with its four research experiments.
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This research program is situated within a context where
technologies are increasingly used to provide information
about the insides of the body in non-clinical settings (Figure 3.).
Alternative futures for designs of self-tracking devices are
explored through interrogating and challenging the cultural
norms, biases and values that they represent and enact,
Specifically, this research program is motivated by challenging
and re-configuring existing, Cartesian dualist cultures around
the body. As discussed, the problem with Cartesian dualism is
that it splits the self into a rational, dominant, mind and an
irrational, unruly body. This perspective objectifies and de-
values the body and leads to the de-valuing of those who are
more associated with their bodies such as women, people with
disabilities and non-white people (Grosz, 1994; Price et al., 1999).
In order to re-configure Cartesian dualist cultures in the design
of self-tracking technologies, theoretical commitments to
feminism and phenomenology are made; namely Elizabeth
Grosz's theory of embodied subjectivity that states that
selfhood is a mobius-strip-like relationship between the body as
subject and the body as object (Grosz, 1994). This research
program explores the ways in which these theoretical
commitments can be adopted by designers through the design
of critical and speculative prototypes. These prototypes can be
deployed in order to understand how they are understood and
used as self-tracking devices by participants. This research
program aims to produce knowledge about the benefits,
implications and limitations of the approach of designing for
embodied subjectivity within the domain of self-tracking.
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Design Cases

Within the larger domain of self-tracking the inside of the body,
the particular cases I address are menstrual cycle tracking,
menopause tracking and ovulation tracking. Menstrual cycles,
menopause and ovulation are not medical syndromes but that
the way they are experienced is informed by medical and
scientific knowledge on the body (Lupton, 2015; Meyer, 2001).
This means that the cases addressed in this thesis provide a
means with which to explore possible implications of the
increasing application of medical practices in non-clinical
settings. Since these are not medical nor life-saving cases of
self-tracking, we gained more flexibility in our design processes
without coming up against ethical concerns.

A second implication of attending to these cases is that
menstrual cycles, menopause and ovulation can all be defined
as areas of “women’s health”. Although not all who identify as
‘women” have a female anatomy, and not all who have a female
anatomy identify as a “woman’, these areas have been
categorized as such (Balaam et al, 2017). One benefit to these
cases is their ability to raise questions of body politics,
particularly in regards to gender biases in how technologies for
women’s health are designed (Teresa Almeida, Comber, &
Balaam, 2016; Teresa Almeida, Comber, Wood, Saraf, & Balaam,
2016; Lupton, 2015; M. L. Sendergaard & Koefoed, 2016). Since
women have been oppressed on the grounds of the
particularities of their biological bodies, technologies designed
for women’s health are particularly fertile soil for
interrogations into the biopolitics enacted by self-tracking
technologies (Almeida et al,, 2016a, 2016¢; Balaam et al,, 2017).
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Papers Included in this Dissertation

The following papers are chosen to include in the second part
of this dissertation to represent the research conducted over
the three-year research process.

Paper 1
Homewood, S, 2018. Reframing Design Problems Within
Women's Health. In Proceedings of the Design Research Society

Conference, DRS.

A feminist critique of menstrual cycle tracking technologies is
used to investigate how the way that design problems are
framed influences the artifacts produced and their impact
within society. This paper argues that by re-framing design
problems from the perspective of third and fourth wave
feminism we can develop women's health technologies that are
more affirmative, inclusive, intersectional, and which celebrate
difference and reflect the complexity around what it means to
be a woman in today’s society.

Paper 2

Homewood, S, 2019, April. Inaction as a Design Decision:
Reflections on Not Designing Self-Tracking Tools for

Menopause. In Extended Abstracts of the 2019 CHI Conference
on Human Factors in Computing Systems (p. alt17). ACM.

The experience of deciding not to design self-tracking
technologies for menopause is documented in a reflective
essay. From an investigation into current examples of
menopause tracking tools, it became clear that applying self-
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tracking to menopause was fundamentally inappropriate and at
odds with feminist commitments. These technologies were
found to risk resulting in more harm than good for users; both
in essentializing and medicalizing a non-medical process, and in
perpetuating notions of the bodily experience of the
menopausal transition as a negative experience. The
contribution of this paper is the knowledge produced through
reflecting on inaction. These include ethical and value-sensitive
reflections on which physiological processes self-tracking
technologies are applied to.

Paper 3

Homewood, S, Karlsson, A, Vallgarda, A., Removal as a Method:
A Fourth Wave HCI Approach to Understanding the Experience

of Self-Tracking. In Proceedings of the 2020 Conference on
Designing Interactive Systems.

This paper offers a methodological contribution to a growing
interest in understanding the lived experience of self-tracking
as a form of entanglement. We propose removal as a method -
the deliberate removal of technologies and the documenting of
their absence - as a method for a fourth wave, entanglement
HCI as proposed by Frauenberger, (2019). Removal disrupts
habitual relationships with our everyday technologies,
revealing otherwise hidden knowledges. Removal as a method
exemplifies that “you don’t know what you've got till it's gone”,
We employ removal in two ways; hypothetically by collecting
the reactions of twelve participants to our requests of them to
stop menstrual cycle tracking as part of a long-term study; and
through two auto-ethnographical studies documenting the first
two author’s experience of removing their menstrual cycle
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tracking apps. Removing the menstrual cycle tracking
technologies ourselves allowed us more knowledge on how self-
tracking shapes our experience of our bodies. Removing
technologies that we are satisfied with is, not surprisingly, a
study that participants are unwilling to sign up to. The reactions
of potential participants to the request to stop tracking support
our findings in the auto-ethnographies; our experience aligned
with our participants’ predictions. As an autoethnography for
motivated researchers, we found removal as a method valuable
in revealing aspects of our habitual relationships with
technologies, and how they shape us in the long-term.
Experiencing loss revealed the relevance of Grosz's theory of
embodied subjectivity through highlighting how we relied on
our menstrual cycle tracking apps to position ourselves in
relation to chronological time, thus giving us a sense of control
over our bodies, and how scientific information related to our
felt sensations and had become embodied over time.

Paper 4

Homewood, S, Vallgarda, A, Ambient Cycle: Putting
Phenomenological Theories to Work in the Design of Self-

Tracking Technologies. In Proceedings of the 2020 Conference
on Designing Interactive Systems.

Ambient Cycle is a menstrual cycle tracking device that
provides a continuous display of data in the home through
coloured light. In this paper we present how the design and
deployment of Ambient Cycle relates to «calls for
phenomenological approaches in the design of self-tracking
devices. In contrast to current menstrual cycle tracking devices,
we employed phenomenological commitments to develop a non-
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dualist menstrual cycle tracking device. Findings from the
deployment of Ambient Cycle in the homes of five participants
for four months include the fact that a phenomenological
approach facilitated the documentation of a diversity in
subjective experiences of the enigmatic menstrual cycle; the
tracking of positive as well as negative aspects of the menstrual
cycle that challenges wider understandings of the body in
society; and novel uses of self-tracked data, for example, as a
therapeutic tool and as a way to communicate with co-
habitants, as well as being a notification system. Findings from
this deployment also related to the tensions around visualizing
physiological data in a (relatively) public space. The ways in
which Ambient Cycle did not live up to expectations as a
menstrual cycle tracking device highlights existing cultures in
self-tracking. The ambiguous and co-constructive design of
Ambient Cycle led to mistrust of the information shown and
feelings that the device was not “useful” as a menstrual cycle
tracking device because it did not give a diagnosis of their
bodies, but rather co-constructed knowledge with the user.
Participants described wanting a device that could provide as
sense of “control”.

Paper 5

Homewood, S., Bewley, H. and Boer, L., 2019, June. Ovum:
Designing for Fertility Tracking as a Shared and Domestic

Experience. In Proceedings of the 2019 on Designing Interactive
Systems Conference (pp. 553-565). ACM.

This pictorial presents the design process behind Ovum, a
fertility tracking device. We use a critique of current fertility
tracking devices to understand the experiential qualities they
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offer. We then used oppositional experiential qualities as a
design brief for a fertility tracking device. Rather than a clinical,
expert-led, and individual experience, we designed for a
domestic, D.IY. and shared experience of fertility tracking. The
contributions of this pictorial are the re-framing of the design
space around at-home ovulation tracking devices and the
presentation of our approach to this design space through
documenting our design process. This included commissioning
a ceramicist, iterating on possible 3D printed forms for the
device, and findings ways that fertility tracking could be shared
between two partners through projecting an enlarged image of
the saliva sample out into the room. We use a discussion about
how Ovum is a research product, rather than a research
prototype, to unpack aspects of the design (Odom et al, 2016).
This including the importance of the finish and feel of the
device, and the packaging and leaflet that accompanied Ovum.

Paper 6

Homewood, S, Boer, L., Vallgarda, A, Designers in White Coats:
Deploying Ovum, a Fertility Tracking Device. Proceedings of the
2020 CHI Conference on Human Factors in Computing Systems.

This paper presents the findings from a three-month long
deployment of the fertility tracking device, Ovum, with seven
couples trying to conceive. Findings include the way that the
experiential qualities aimed for in the design process translated
into lived experience. For example: the multiple factors that
both supported and obstructed a shared experience of fertility
tracking; that the domestic design of Ovum was first
appreciated for its aesthetics, and later criticized for its
impracticalities; and that the fact that our participants had to

26



create their own meaning from their data produced feelings of
insecurity. The contrast between the guidelines given to our
participants in the pamphlet we designed to accompany Ovum
and the more erratic and ambiguous results of their own
devices provoked our participants to tinker with the testing
process to achieve more accurate results by turning to us as
experts, using one another to corroborate whether crystals
were present in the projection, and triangulating results with
other fertility tracking methods. We also contribute findings
related to the fact that the ambiguous and erratic nature of the
body changing over menstrual cycles influences wuser’s
judgements of fertility tracking devices that goes beyond a
binary question of whether it “works”, or “doesn’'t work”. We
conclude with a contribution of an account of our own
experience as researchers in order to develop understandings
of how designing for the body in emotional and medicalized
cases such as fertility tracking places interaction designers in
novel and complex situations.

Contributions

These key contributions of this PhD research span this first part
of the thesis and the seven papers included in the second part
of this thesis.

1. The knowledge produced through a critique of current self-
tracking technologies.

2. A manifesto for the approach of designing for embodied
subjectivity for designers.
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3. Knowledge on the limitations, benefits and implications of the
approach of designing for embodied subjectivity.

4. Removal as a methodological contribution.

5. The designed I as a contribution.
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Theoretical Background

The aim of this chapter is to show that the body has never been,
and never will be, a neutral design space. The theoretical
background to the research presented in this thesis is a
combination of feminist theory and the philosophy of
phenomenology. These theories are compatible since they both
question Cartesian dualism and objectivity in science.
Feminism and phenomenology use subjective ontologies and
epistemologies to attempt to account for how the body shapes
experience of the world (Marshall, 1996). This chapter will first
expand on the key argument for the research presented in this
thesis; that current self-tracking devices reflect a Cartesian
dualist definition of the “self” in self-tracking, and that this leads
to a risk of objectifying, patriarchal and biologically
deterministic understandings of the body in society. Feminist
theorist Elizabeth Grosz's proposal of selfhood as being an
embodied subjectivity is then adopted and augmented with
phenomenological theories as a theoretical background that
can point to alternatives to Cartesian designs of self-tracking
technologies.
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What telling the story of a (very brief) history of Western
cultures around the body in medicine will highlight is that the
way the body has been understood has always been dependent
on culture, and that there have been many different cultures
around the body over the ages (Lupton, 2012). The biological
body is never fixed, a-historical, or pre-cultural (Grosz, 1994).
Our own current understanding and definitions of the body, and
practices around the body such as medicine and health are
contingent on cultural, societal, epistemological, and
ontological factors (Drew Leder, 2013; Lupton, 2012; Svenaeus,
2000). By showing that there have been different cultures
around the body in the past, this chapter highlights how we can
and will have different cultures in the future.

The cases addressed in the research presented in this
dissertation are; the tracking of menstrual cycles for self-
knowledge; the tracking of ovulation with the aim of conception;
and menopause. Though a brief history of Western medicine is
used to situate self-tracking, it is not with the be30ife that these
cases require medicine practices to ‘cure’ or improve the
experience of them; these are not problems, afflictions, or
syndromes to be fixed or solved through the application of self-
tracking technologies. Instead, it is proposed that current self-
tracking technologies applied to these cases reflect and
exaggerate dualist aspects of a Western culture of modern
medicine and modern health practices.
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Cartesian Dualism and the Body

How we have understood the body, medicine and health has
changed drastically over time in line with culture (Lupton, 2012).
[ am British and my research is situated in Sweden and
Denmark in a Western society, and this is reflected in the
literature and histories that this research cites. This brief
history is predominantly drawn from phenomenological
philosophers Drew Leder and Fredrik Svenaeus’ analysing the
origins and impact of Cartesian dualism on medicine. These
accounts are inherently critical to Cartesian epistemologies
since the philosophy of phenomenology is based upon a critique
of positivist and rationalist accounts of reality.

Western, pre-modern medicine was reliant on self-reported
symptoms. Symptoms were often sent to doctors by letter, who
then made diagnoses based upon these symptoms and replied
with a prescription of herbs and treatments commonly
available in nature (Svenaeus, 2000). Knowledge was based
upon what had previously been seen to have an effect, or wider
beliefs carried down through generations about the healing
properties of plants and natural elements. These remedies often
did more harm than good (Ibid). Tools and technologies that
artificially or literally penetrate and measure the living body
were considered blasphemous due to cultural belief systems
around the body. Religious beliefs in many Western cultures
positioned the body as being a sacred object owned by God
(Drew Leder, 2016). Illness was believed to be a consequence of
sinful actions and health was a reward for piety. The ancient
Greek humorist approach to health was popular in Western
medicine until the mid-eighteenth century and illustrates how
the understandings of the body were integrated with societal
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values at that time. The balance between the four bodily fluids,
or humors; blood, phlegm, yellow bile and black bile, was integral
to maintaining health and moral character. The balance of the
humors was tied closely to the environment. Treatments aiming
to re-balance the humors included the letting of bodily fluids,
such as using leeches to suck our blood, and herbs and changes
in diet. Physical, surgical, interventions into the body, such as
amputation, were only carried out in order to avoid death and
the professionals employed to carry out these procedures were
held in low esteem within society. Since there was no knowledge
or practices around sterilisation, physical interventions into the
body often resulted in infection and death. A lack of
anaesthetics also meant that surgery was extremely painful
(Svenaeus, 2000).

Since the mid-seventeenth century it has namely been
Descartes’s dualist ontology of the self that has dominated
conceptual understandings of the body within medicine
(Foucault, 1963; D Leder, 1990). Descartes proposed that there
was a metaphysical and mathematical truth to material objects
in the world that was beyond sense-based knowledge. This
contributed to the doctrine of the Enlightenment that held that
science could provide an objective truth about the world,
Descartes believed that there existed in human beings a mind,
soul or reason that possessed information independently of
that provided through the bodily senses (Sorrell, 1987). This
rationalist approach to knowledge led to the conception that
the self is split into mind and body, and that the mind could
conceivably exist without a body at all. Descartes stated that the
mind is therefore able to enforce rational control over the body,
rather than the self being an integrated whole. Foucault
describes how wider shifts in society and culture allowed the
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patient to be understood as an individual as the grip of religious
beliefs of the body as being the domain of higher powers began
to release its hold (1963). Instead, the individual became “man-
as-machine’, to be fixed when faulty through medical
intervention (Foucault, 1963, 1979; Drew Leder, 2013). Believed
to have been enabled by Cartesian thinking, modern medicine
was birthed in Paris at the beginning of the 18t Century (D
Leder, 1990; Drew Leder, 2013). This drastic re-conception of the
body allowed the revolution in medical knowledge facilitated by
dissecting the human body.

“The Cartesian mechanization of the material
world helped overturn all prohibitions
against tampering with nature. When the
earth was thought of as sacred and ensouled
certain invasive interventions, such as
mining, were constrained — it was seen as an
abortion, interfering with the gestation of
metals in the earth’s womb. Similarly, there
were often taboos against cutting up the live
and dead human body. All these taboos can
fall away, however, if natural bodies are
simply mindless matter. The extracting and
transplanting of organs becomes permissible.
It would even be encouraged insofar as we
are meant to defeat illness a