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1. Introduction

1.1. Motivation

Sleep tracking technologies has become a common selling point of fitness devices and
smartwatches. Information that was previously solely used in the treatment of sleeping
disorders is now in the hands of the consumer. These devices can automatically track the
duration of sleep and infer the quality of sleep through activity tracking and biometric
data.

Sleep is essential for good health, but many do no sleep enough or suffer from disrupted
sleep [50]. Even slightly reduced sleep over several days may have ill effects, including
higher instances of illness [2]. Getting enough sleep is also crucial for learning [6], and
physical [41] and cognitive ability [24]. The Norwegian Institute of Public Health writes
that one in three adults have weekly symptoms of insomnia. From 2000 to 2010, the
percentage of adults with insomnia has gone from 11.9% to 15% [50].

Sleep tracking applications may state that they can help improve sleep. However, they
often leave it to the user to understand the information the application presents, instead
of providing actionable insights and learning opportunities.

Systems like ShutI offer a digital platform for the treatment of sleep disorders. Based
on the established cognitive behavioural therapy for insomnia (CBTI), it allows the user
to learn about healthy sleep habits via video and articles. It gives a personalised sleep
schedule based on a sleep diary, which is collected via a website. While an evaluation
calls this an "unguided treatment" [19], one could argue that this system becomes the
guide. This sort of system has the opportunity to change the way many people interact
with health professionals.

This thesis attempts to find a middle ground: a system that provides the ease of use
that sleep tracking devices provide, but that can also provide advice on how to improve
sleep habits. Such a system could allow for guided reflection, but also persuasion towards
healthier sleep. Designing this system requires an understanding of how people can be
persuaded to improve their sleep. It also requires knowledge about sleep itself in order
to design recommendations that are effective and also safe.
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1.2. Objectives

This project aims to better understand how users interact with sleep tracking systems
in order to be able to propose design solutions. The thesis will refer to the following
research questions:

• RQ1: How do users interact with existing sleep tracking systems?
• RQ2: What are the user motivations for using sleep tracking systems?
• RQ3: What functions do users find necessary in sleep tracking systems?
• RQ4: How can sleep tracking systems better support healthy sleep behaviour?

1.3. Contribution

This thesis will describe the use of user-oriented research methods that contribute a
better perspective of what people want out of sleep tracking systems. These methods
include interviews with users of existing sleep tracking applications, an online question-
naire about use and opinions of sleep tracking, and usability evaluations of sleep tracking
interfaces. It will also describe the design of multiple prototypes, including low-fidelity
prototypes and a functional high-fidelity prototype. The prototype itself is another con-
tribution, as it can be used in further research and development.

1.4. Thesis outline

This thesis contains six chapters. Following this introduction, Chapter 2 will review
relevant literature regarding the biology of sleep, personal tracking, sleep tracking, and
persuasive technology. Chapter 3 will describe the methods used in this project, which
includes user studies, wireframe prototyping, and the development of a high-fidelity pro-
totype. Chapter 4 will describe the results from the user studies. In Chapter 5 the final
prototype will be presented. The final chapter – Chapter 6 – will summarise the findings
of this project from the perspective of the research questions outlined above. Following
the main chapters is a collection of appendices, which contain supplemental documents
related to the user research, and information on how to access the final prototype.
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2. Background

This chapter will explain what sleep is from a biological perspective. It will then look at
sleep deprivation and insomnia, and how sleep problems can be improved using cognitive
behavioural therapy. Further, it will look into personal tracking using digital media before
going into sleep tracking specifically. Finally, it will present examples of sleep tracking
applications, as well as related prototypes and user studies.

2.1. Sleep

Sleep is an important restorative process for both mind and body. While the body is
mostly inactive during sleep, the brain goes through several stages of activity, believed
to be a way of consolidating memories [56].

How many hours of sleep a person needs varies, with age being one crucial factor. The
U.S. National Sleep Foundation recommends seven to nine hours a night for adults,
but six to ten "may be appropriate" [21]. For school-aged children (age 6 to 13), the
recommendation is from nine to eleven hours. Numbers from the Norwegian Institute
for Public Health indicate that Norwegian men sleep for slightly less than seven hours
on average, while women sleep more than seven hours on average [50].

A lack of sleep has been shown to negatively influence short term memory and the ability
to learn [6]. Purely physically, recovery from exercise is also affected [41]. Even slightly
reduced sleep – less than 7 hours – over several days may have ill effects, including higher
instances of illness [2].

The Norwegian Institute of Public Health writes that one in three adults have weekly
symptoms of insomnia [50]. From 2000 to 2010, the percentage of adults with insomnia
in Norway has gone from 11.9% to 15%, showing that it is an increasing problem. This
report also notes that especially adolescents sleep less than recommended, getting only
6 hours and 25 minutes on weekdays.

2.1.1. Sleep stages

During one night of sleep, a person will cycle between the two main stages of sleep: rapid
eye movement (REM) sleep, and non-rapid eye movement sleep (NREM). A complete
sleep cycle takes approximately 90 minutes, with the proportions of NREM to REM
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sleep shifting throughout the night. The first cycles have more NREM sleep, while later
cycles will have more REM sleep. Both stages of sleep are specialised: deep NREM sleep
is more restorative in terms of the body, it is where the body secretes the most growth
hormones [18], while REM sleep is theorised to be important in the storage of memories
[42].

2.1.2. The need for sleep

Two physiological factors influence the need for sleep, and these are called homeostatic
and circadian factors [18].

Homeostatic factors are related to how long it has been since sleeping last. One such
factor is the level of the chemical adenosine in the body. When awake, levels of adenosine
in the body rises, which leads to sleepiness. During sleep, the level of this chemical
decrease and the need for sleep also decreases. Sleep deprivation can lead to a build-up
of this chemical, which will lead to daytime drowsiness, as the body will want to sleep
in order to reduce the levels of this chemical. Many are aware of the impact of caffeine
on sleepiness. Caffeine works by blocking adenosine receptors in the brain, meaning that
it will make someone feel less tired. However, adenosine will continue building up in
the body. With repeated use of caffeine, the brain will build more adenosine receptors,
making the person require more caffeine for the same effect.

The Circadian factor, or the biological clock, is determined by external factors, with
the most important being light exposure. Light help our brain set the biological clock by
activating a part of the brain called the suprachiasmatic nucleus. This part of the brain
is responsible for keeping track of time and sends signals to other parts of the brain that
regulates hormone production and other biological functions. [18]

Circadian rhythms are the cause of jet lag, which is when the brain’s understanding
of time and the time in the surrounding location is mismatched [58]. Other lights, like
computer screens, are possibly disrupting the circadian system in the same way, as the
light in most computer and phone screens are the right wavelength to stimulate the
receptors in the brain the same way sunlight does [9].

Chronotypes

The natural circadian rhythm of a person is also called their chronotype. The chronotype
changes with age, with young children usually being early chronotypes, and teenagers
late chronotypes. An early chronotype will naturally wake up earlier in the morning,
while a late chronotype may slumber past noon. In the mid-twenties, the chronotype
usually stabilises until old age [45].

Chronotypes can be measured by mid-sleep time, which is the midpoint between when
a person goes to sleep and when they wake up. Issues like social jet lag, the mismatch
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Figure 2.1.: Representation of central and peripheral circadian rhythms. Reprinted from
Baron and Reid [3]

between social hours and chronotype, can be identified by looking at the difference
between the midpoint of sleep on working days and days off [59]. Late chronotypes are
more likely to be affected by social jetlag, as work start times will restrict their time
spent sleeping. Wittmann et al. [59] suggest that they may consume more caffeinated
drinks, nicotine and alcohol as a coping mechanism. Late chronotypes were also more
likely to report a depressed mood.

Social jetlag may result in a circadian misalignment, which is the misalignment of one of
many functions of the body concerning the biological clock. This type of misalignment
may manifest as sleep disturbances or daytime sleepiness. The consequences can include
changes in dietary behaviour and appetite regulation, glucose regulation, and mood,
which may again increase the risk for cardiovascular disease, diabetes and psychiatric
conditions. [3]

2.1.3. Measuring sleep quality

Sleep quality can be measured via activity in the brain or the body, using techniques
such as EEG or actigraphy. These measurements are used to indicate how much time
is spent in different sleep stages. Not spending enough time in all sleep stages can be
considered disordered sleep. Sleep quality can also be measured subjectively, often using
a scale from one to five. A 1994 study showed that subjective sleep quality is closely
related to objective measures of sleep, especially sleep efficiency [1].
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One example of subjective sleep quality measurement is the Pittsburgh sleep quality index
(PSQI) [8]. It is meant to assess the sleep quality of the previous month, and it consists
of 19 items, grouped into seven components, which are:

• Sleep quality
• Sleep latency
• Sleep length
• Habitual sleep efficiency
• Sleep disturbance
• Use of sleeping medication
• Daytime dysfunction

These components are given a score from between 0 and 3, and together they form a
total score. The higher the score, the worse the sleep quality.

Figure 2.2.: Screenshot from an online Epworth Sleepiness Scale calculator. From
http://www.calcz.com/apnea/calc.html

Another scale is the Epworth Sleepiness Scale (ESS) [25]. It is an assessment of daytime
sleepiness and asks the user to rate to which extent they are likely to "doze" in eight
different situations using a scale from one to four. A sum of below or equal to ten is

9



considered normal [25], while a sum above ten can be an indication of a sleep disorder.

2.1.4. Sleep deprivation

Sleep deprivation, or insufficient sleep, can have several causes. It can be caused by
insomnia, where a person may have problems with falling asleep or waking up too early.
Another cause may be that a person does not give themselves enough time to sleep,
because they prioritise other activities, or do not believe they need more sleep. Stressful
events can cause a vulnerability to insomnia [30]. External factors like temperature, light,
and noise level can also play a part, by reducing the quality of sleep [36].

Consequences of sleep deprivation

Experiments have shown that regularly sleeping less than seven hours a night can lead
to "significant daytime cognitive dysfunction", including reduced attention and working
memory [2].

Chronic sleep deprivation leads to an upregulation of appetite and lowers energy ex-
penditure. Together with altered glucose metabolism, these factors can likely increase
the risk for type 2 diabetes [26]. Sleep deprivation is also related to a reduction in the
immune response [23]. Since 1924, experiments have shown that sleep deprivation has a
negative effect on memory and learning [24].

Figure 2.3.: Likelihood of Injury Based on Hours of Sleep per Night. Reprinted from
Milewski et al. [29]

Researchers have also shown that sports injuries are more likely when the athlete has
been deprived of sleep. Those who slept for less than 8 hours a night on average was
1.7 times more likely to have needed treatment for an injury, compared with those who

10



slept for more than 8 hours [29]. Another study looking at recovery from exercise showed
reduced power output in athletes subjected to one night of sleep deprivation [41].

2.1.5. Insomnia

Insomnia can manifest in several ways. It can be difficulties with getting to sleep, main-
taining sleep or waking up early without being able to return to sleep. Insomnia is usually
seen together with sleep opportunity, the time a person sets aside for sleep.

Insomnia can be transient, lasting for less than a week; acute, which is consistent sleep
problems for less than a month; and chronic, when problems have lasted for longer than
a month. It can be primary, which means that there is no apparent disease causing the
inadequate sleep, or secondary, meaning it is caused by disorders like depression, heart
disease, and similar systemic conditions [48].

Treatment of insomnia

The preferred therapy for chronic insomnia, after other possible causes are ruled out,
is cognitive behavioural therapy (CBT) [44]. It has been shown to be as effective – if
not more effective in the long term – as common sleep drugs [51]. Cognitive behavioural
therapy for insomnia (CBT-I) includes practising sleep hygiene and stimulus control, and
sometimes sleep restriction [31].

Sleep hygiene is keeping the sleep environment free from distractions, such as TVs,
computers or similar. The bedroom should be dark and quiet. Keeping a consistent
bedtime and wake-up time is also part of good sleep hygiene. The person should only go
to bed when they are tired and should avoid staying in bed if they are unable to get to
sleep. [31]

Stimulus control is about limiting stimulating activities before bedtime. This can
mean avoiding late meals, alcohol or caffeine, certain medications, stressful situations or
strenuous exercise. It may also include beneficial activities such as exercising during the
day or relaxing activities before bedtime. [31]

Sleep restriction is often a part of CBT-I. Limiting the amount of time a person spends
in bed to the time they spend sleeping can help restore the ability to fall asleep or stay
asleep. The sleep time is then adjusted based on sleep efficiency, the percentage of time
the person spends sleeping while in bed. If it is above 90%, it can be increased by 20-30
minutes, and if it is below 80%, it may be decreased by the same amount. [31]

Keeping a sleep journal is a common practice for patients undergoing CBT-I. It is used in
order to calculate sleep efficiency, as well as allowing the patient to reflect on their sleep.
In an example from Nasjonal kompetansetjeneste for søvnsykdommer [5], the patient is
asked to fill out ten fields every day:

11



1. Subjective rating of daily functioning (1 - 5)
2. Time and duration of naps.
3. Sleep medication or alcohol intake
4. Bedtime and the time of attempted sleep
5. How long it took to fall asleep
6. Number of awakenings
7. Total time spent awake during the awakenings
8. Wake-up time
9. Time getting out of bed

10. Subjective rating of sleep quality (1 - 5)

The next section will look at the modern cousin of journal keeping: personal tracking
using digital media.

2.2. Personal tracking

Personal tracking, self-tracking, or the quantified self [55], is the concept of keeping track
of data related to oneself. This data can be location data, usage data, activity sensors,
diet tracking, and even blood sampling.

Some tracking is manual, like most diet tracking applications, where the user has to
enter data themselves. Various sensors can make automatic tracking possible. One such
example is wearable activity trackers that can measure activity through an always-on
accelerometer. Some devices, like a GPS tracker, can track data automatically after being
manually activated.

Many commercial products that are health or wellness related are using tracked data
for motivation or for guiding users towards a goal. Gamification, which is the use of
elements from video games, can be used to allow the user to earn points or badges for
completing tasks, possibly persuading the user to do things they would not otherwise.

2.2.1. Categories of personal tracking

Rooksby et al. [47] identified five styles of tracking: directive tracking, documentary
tracking, diagnostic tracking, collecting rewards, and fetishised tracking.

Directive tracking could also be described as goal-oriented tracking. This style of
personal tracking is oriented around a goal, such as weight-loss or training for a sports
event. Here, the tracking system is acting as a tool to support the user reaching their
goal. The authors noted that "[s]ometimes the goal would come directly via the tracker
itself; most pedometers for example suggest appropriate goals."

Documentary tracking is tracking more for the sake of documenting activity. The
reasons for this type of tracking were many, but the authors mention the user’s desire
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to compare themselves to other people as a primary motivator. Other users of this type
were motivated by wanting to get credit for their activity level. Some users used this
style of tracking intermittently: "once some people had a sense of how many steps it was
to work, or what speeds they were doing on a regular cycle ride, then it was no longer
necessary to record them." In general, the authors note that documentary tracking is
not a perpetual affair; users who lean towards this style of tracking do not collect data
simply to accrue them. The authors mention sleep tracking as an exception to this:
"Sleep tracking was perhaps the only area where logs were being accrued in isolation
from specific goals." Documentary tracking can also transition into goal-driven tracking,
if the user discovers a goal during their documentary effort.

Diagnostic tracking is described as tracking where the user is "[...] looking for a link
between one thing and another." One participant had tracked his diet and medications
to diagnose a stomach problem. Another had acquired a sleep tracker to find out why
he was tired in the mornings. The author noted that: "Diagnostic tracking was done
over a period of time but did not need to carry on indefinitely, just until the person was
satisfied that they have an answer."

Some used tracking in order to collect rewards. These rewards could be either gamified
elements within the application or actual monetary rewards. Examples of this kind of
tracking could be getting medals on Strava, or badges for reaching a particular step goal
with a FitBit. The now-defunct application Pact paid users who reached their set goals
by charging those who did not.

Finally, the authors briefly describe fetishised tracking. By this, they mean tracking
motivated by a "purer interest in gadgets and technology." In other words, tracking where
the tracking technology is the primary motivating factor.

2.2.2. Long term tracking

Fritz et al. [17] interviewed 30 users of fitness devices (Nike FuelBand, and an early
non-wristband Fitbit) that had used the device for at least three months.

They found that users had become attached to their devices, but some users were less
excited about their device after some use. Users had become more aware of how their
behaviour influenced the score or step count the device provided. Users reported both
immediate impacts and durable changes that had occurred because of using the device.
Users were motivated by reaching their self-subjected goals, but also by system rewards
that is rewarded by completing tasks. When it came to social features, some users had
reservations due to privacy, and others were just not interested in sharing their data.
Still, those who used the social features found it motivating.

The authors suggest that designers should consider if their technology is meant to func-
tion as a gateway technology or if it is meant to support behaviour in the longer term.
They suggest that systems could offer better motivation for maintaining behaviour, as
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it is important for behaviour change. For some of their participants, step counting had
become less relevant as they found other fitness activities. They suggest that systems
should be able to be "augmented or evolved over time", by supporting new activities.
Rewards should also be able to change over time, and the authors would like to see a
greater variety of rewards, perhaps including real-world rewards.

2.2.3. Social sharing

In a 2012 study, Munson and Consolvo [34] explored how various motivations, including
goal-setting, rewards, and social sharing, affected users. The study used two related
applications: Goal-post and Goal-line, which are both activity tracking systems. In both
systems, the user could enter how much time they spent with different activities such as
cardio, strength, and walking. The user could also set both a primary goal and secondary
goals. The difference between the two systems is that Goal-post included a social sharing
feature, that allowed the user to post either an activity or a completed goal, to their
Facebook newsfeed.

The study suggested that goal-setting can benefit from including both secondary and
primary goals. The authors write that "simultaneous goals helped participants stretch
beyond what they would otherwise have done and gave them a fallback during busy weeks
that helped them remember to do at least some exercise." Their participants were also
positive towards reminders, and they suggest that the reminder should include progress
towards a goal. The participants did not find digital rewards motivating. The authors
suggested this was due to the implementation of the rewards not being tied to progress
in a meaningful way.

Participants had problems with social sharing: some did not want to share too much
or too often, others did not find support when they shared. The authors suggest that
making the information that is shared more attractive could be a solution to this. They
also suggest that sharing could be done to a network of invited peers instead of to the
more public space of Facebook.

2.3. Sleep tracking

Sleep tracking can be simply described as the act of keeping track of sleep. For medical
treatments, sleep diaries have been used to measure the length of sleep, subjective sleep
quality and potential disruptors of sleep. Traditionally this was done using pen and
paper, but more recently sleep tracking has become a selling point of wearable devices and
smartphone applications. Wearable sleep tracking systems, as part of medical treatments
of sleep disorders, has also shown promise [49].

Wearable sleep trackers use sensors to measure sleep so that the user does not have to
remember when they went to bed, and when wake up. Some also attempt to measure
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sleep quality, showing the user how much time they spend in different sleep stages.

Smartphone sleep tracking system does also exist, often requiring the user to place
their phone in or near their bed. These systems usually rely on the accelerometer or
microphone of a smartphone. A regular feature of a smartphone system is the "smart
alarm", that attempts to wake the user up when their sleep is lighter. There are also
applications that more closely mimics the traditional sleep diary, as will be described in
the next section.

2.3.1. Examples of sleep tracking products

This section will describe a selection of existing commercial sleep tracking systems. These
systems were selected as representatives of different types of sleep tracking systems. The
systems described include SHUTi, a treatment system for insomnia, Fitbit, a wearable
fitness band, Oura, a wearable ring that focuses on heart rate, Sleep as an Droid, a
smartphone application, and SleepTown, another smartphone application that focuses
on social sharing.

SHUTi (Sleep Healthy Using the Internet) is a digital treatment system based on
cognitive behavioural therapy for insomnia (CBT-I). Central to this therapy is learning
about what factors can impact sleep, which is usually done with a therapist. Sleep diaries
are commonly used, both as a tool for reflection, but also to calculate sleep efficiency.
Sleep efficiency is the time a person spends asleep divided by the time they spend in
bed. Based on this efficiency, a sleep window is prescribed. The sleep window is usually
the time the persons spends sleeping.

SHUTi contains a digital sleep diary where the user can enter their bedtime, the time it
took them to fall asleep, number of awakenings, when they woke up and got out of bed
and a rating of their sleep from "very deep" to "very light". The diary also asks about
the duration of any naps during the day, and whether they drank alcohol or took any
sleep aids. Finally, the user can enter a personal note. Except for the personal note, this
is all done through drop-down menus.

SHUTi has several learning modules that the user unlocks as they keep using the system.
These modules are made up of video and text that is supposed to help the user learn
about each subject. After completing each module, the user is asked questions related
to their progress and what they found challenging, which is another effort to push the
user towards self-reflection.

When compared to purely educational websites, users of SHUTi had a significantly better
outcome on measurements of insomnia. This outcome was also present in a six-month
follow-up. [19]
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Fitbit is one of the most popular fitness wristbands. Most of Fitbit’s models have sleep
tracking built-in, but the technology that is used to measure sleep varies. Fitbit focuses
on automatic tracking, which means the user simply has to wear their Fitbit, and it does
the job of figuring out when they go to bed and wake up. The accelerometer is used to
detect when the user is still, which can be used to detect sleep and sleep quality. Newer
devices also use heart rate, and some have a blood oxygen sensor that may be used in
the future to enhance the sleep quality estimate further.

Figure 2.4.: How Fitbit represents sleep stages. From the Fitbit blog [15]

Fitbit’s sleep stage tracking uses motion detectors and heart rate data to detect time
spent in different sleep stages. According to their categories, the user can be either
Awake, or in REM, Light Sleep, or Deep Sleep. The time spent in each stage is shown
to the user in several ways. It is displayed as a chronological graph (see figure 2.4) that
shows which stage the user was in at that time. It is also displayed as a bar graph with
percentages, showing how much time was spent in each stage. Worth noting is also the
Benchmark feature, which shows how the user’s time spent in each stage compares to a
typical range of users of the same gender and age.

With the Sleep Schedule feature, Fitbit allows the user to define a sleep goal by the
number of hours, as well as bedtime or wake-up time. If either bedtime or a wake-up
time target is not set, the Fitbit app will estimate based on recent trends. Based on this,
the user can get bedtime reminders and earn stars when they reach their goals.

With Sleep insights Fitbit attempts to give the user personalised information in the form
of text snippets. According to their website, it can "[...]help you learn more about your
sleep stats and how your trends compare to those of the same age and gender." [52].
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(a) Fitbit’s sleep benchmark

(b) Fitbit’s sleep insights

Figure 2.5.: (c): From the Fitbit blog [15], (b): from a Fitbit help article [14]

Figure 2.6.: Fitbit’s sleep score. Screenshot by Jason Cipriani/ZDNet [12]

Fitbit has recently experimented with a sleep score feature beta [12]. This feature gives
each night a score from 0 to 100. This total score is made up of another three scores: one
for sleep duration, one for sleep depth and one for revitalization. While sleep duration
and sleep depth are just giving a score to data that was already there, the revitalization
score is something new. From the description: "This category explores how restorative
your sleep is by detecting breathing disturbances, and comparing your sleeping heart
rate to your daytime stats to measure how refreshed you should feel in the morning".
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