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Kurzfassung

Mit dem Aufkommen des Internets und des Smartphones war der beinahe sofortige
Zugang zu Informationen, Kommunikation und sozialer Interaktion noch nie jemals zuvor
so einfach. Gleichzeiting hat sich die tégliche Bildschirmzeit von Mobiltelefonen auf
Rekordniveau erhéht und wurde mit Problemen im Bereich der mentalen, physischen
und sozialen Gesundheit in Verbindung gebracht. Interventionen, die im Volksmund
auch als “Digital Detox” bezeichnet werden, sind beliebt, um dem Einfluss der digitalen
Technologie auf die Nutzer entgegenzuwirken. In den letzten Jahren sind digitale Begleiter
in Form von Smartphone-Anwendungen, die den Digital Detox Prozess unterstiitzen, in
der Literatur und auf dem Markt weit verbreitet. Im Gegensatz dazu hat der Einsatz
von Wearable Technologie wie Smartwatches in dieser Hinsicht bisher nicht viel Interesse
geweckt.

Um diese Liicke in der Literatur zu schlielen, stellt diese Arbeit eine Prototypimplemen-
tierung eines digitalen Detox-Begleiters auf Basis von Referenzdesigns innerhalb eines
Smartwatch- und Smartphone-Okosystems vor.

Der Prototyp wurde in einer kleinen Benutzerstudie (n = 6) iiber zwei Wochen auf seine
Fahigkeiten hin evaluiert, die Telefonbildschirmzeit und ausgewéhlten Anwendungen zu
reduzieren. Gleichzeitig wurde die Telefonnutzung der Teilnehmer in Verbindung mit den
physiologischen Daten, die von Smartwatch-Sensoren bereitgestellt wurden, beobachtet.

Vielversprechende Ergebnisse zeigen eine kurzfristige Reduzierung in der ersten Wo-
che, allerdings werden die Reduzierungen jedoch im Laufe der Zeit, trotz zusétzlicher
Interventions-Mechaniken wéhrend der zweiten Woche des Tests, kleiner. Das beobach-
tete Verhalten beinhaltet Ausweich-Verhalten und verfrithten Abbruch aufgrund der
wahrgenommenen Enge des angewendeten Interventionsdesigns. Dennoch erhielt der
Smartwatch-Prototyp insgesamt positives Feedback von den Teilnehmern.

Der prasentierte Methode stellt einen Proof of Concept dar, wobei das implementierte
Interventionsdesign Méngel sowie technische Probleme aufzeigt und weiter verbessert
werden konnte um den Bediirfnissen der Teilnehmer gerecht zu werden und sich besser
zu deren Lebensstil zu fiigen.

X1
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Abstract

With the rise of the internet and smartphones, almost instant access to information,
communication, and social interaction never has been easier. However, in the same
manner, daily phone screen time has increased to all-time heights and has been linked
to issues with mental, physical and social health. Interventions commonly referred to
as “digital detox” are popular to counteract the influence which digital technology has
over users. In recent years, digital companions in the form of smartphone applications to
aid with the detoxification process have been prevalent in the literature and available
products. In contrast, the use of wearable technology, such as smartwatches, in this
regard has not seen much interest yet.

To address this gap in the literature, this thesis introduces a prototype implementation of
a digital detox companion based on reference designs within a smartwatch and smartphone
ecosystems.

The prototype has been evaluated in a small user study (n = 6) over two weeks on its
capabilities to help reduce overall phone and selected application screen time and to
observe participants’ phone usage alongside physiological data provided by the smartwatch.
Promising results show short-term reduction during the first week; the reductions get
smaller over time, despite additional interventions employed during the second week of
the trial. The observed behaviour involves evasion and abandonment due to the perceived
forcefulness of the applied intervention design Yet, the smartwatch prototype received
positive overall feedback from participants, thanks to its simplicity and unobstructed
nature.

The presented prototype represents a proof of concept, however, the implemented inter-
vention design has shown shortcomings alongside technical issues and should be further
improved to meet participants’ needs and better fit their lifestyles.

Xiii
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CHAPTER

Introduction

Figure 1.1: Watchful application logo: A watchful watcher is ever watching on the watch.

The century-long developments of clocks, their minimisation and affordability allowed
to revolutionise the cultural concept of time-keeping and push concepts of efficiency,
performance and productivity during the industrial revolution Mar(2].

The watch was an ever-present reminder of the passing of time. [Mar(2]

The same motion that helped society to change its pace thanks to an increase in
synchronisation did encourage workers to develop a dichotomy of “company time” versus
“my time” as described by Landes, a professor of economics [Lan&4].

1.1 Is a gilded era upon us?

The age of information has brought humanity never-seen-before benefits. Advances
in computing and digitisation brought opportunities to progress even further. With
computers that fit into your pocket and are connected to the Internet, access to information
has become almost instant. Communication between persons and entities has never been
easier, and social media lets us easily create, share and consume content.
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1.

INTRODUCTION

However, not all that glitter is gold. For example, in 1976, one negative effect of digital
devices and incorporated activities on human beings was described by Joseph Weizenbaum
as he observed the following phenomena with his peers:

They exist, at least when so engaged, only through and for the computers.
These are computer bums, compulsive programmers. They are an international

phenomenon. [WeiT6]

The eighties and nineties brought the internet, connecting computers worldwide. Mobile
communication devices and social media followed suit, finally finding the current crowning
offspring of all these parent technologies: the smartphone. Back in the 70s, programmers
were a small community, whereas now, 50 years later, the impacts of these technologies
on all society and all age groups can be observed.

In 2013, Ames [Amel3] looked into the techno-social practices of students at the Stanford
campus and the skills of the ‘digital natives’ Especially how they navigate and multitask
social dynamics and personal desires both offline and online were the researcher’s concern.
One particular participant voiced some criticisms about the constant connectivity that
was available through the iPhone:

I don’t want to be texting all the time instead of enjoying nature and the
people around me. People are going to stop seeing the beauty of the world
because they’re so wrapped up in their iPhones. [Amel3|

In light of the current state of things — according to data.ai', in 2022, users worldwide
have spent an average of 4.8 hours per day on their phone. Furthermore, social media
and photo & video apps made up 70% of that time—some might say the prediction was
not that far off. We see an additional dichotomy of Landes’ “my time ” [Lan84] into
“consumption time” versus “personal time” (with blurry edges).

With every step further into the digital age, we have seen more and more people interacting
and using available technologies. In some cases, to a problematic extent, that can threaten
their mental and physical health and social sanity and relationships [SHI16, KPK*19)|
YELL20, BM21), MHZ*19).

With the rise of perceived mental load and stress through ubiquitous information availabil-
ity and connectivity, digital detox activities have become widely popular. The definition
provided by the Oxford Dictionary? refers to:

a period of time when a person does not use digital devices such as smartphones
or computers, especially to reduce stress and relax

!data.ai’s report on state-of-mobile 2022, https://www.data.ai/en/insights/market-data/
state—of-mobile-2022}-Accessed August 2023

“Oxford Dictionary Digital on “digital detox”, https://www.oxfordlearnersdictionaries.
com/definition/english/digital-detox-Accessed July 2023


https://www.data.ai/en/insights/market-data/state-of-mobile-2022
https://www.data.ai/en/insights/market-data/state-of-mobile-2022
https://www.oxfordlearnersdictionaries.com/definition/english/digital-detox
https://www.oxfordlearnersdictionaries.com/definition/english/digital-detox
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1.2. Undergoing digital detoxification

This definition focuses primarily on devices, although it can be extended generously to
other digital services, such as social media or entertainment platforms.

1.2 Undergoing digital detoxification

“Digital detox” can also be understood as regaining control of “consumption time” and
re-increasing the time available for truly personal use.

The methods of achieving digital detox are manifold. They can range from recommenda-
tions or rules to sophisticated technical solutions that help with monitoring, usage and
app restrictions or offer gamification incentives ﬂm, IMRDR19] Popular choices are
smartphone applications, such as Digital Wellbeing (comes with Android), Screen Time
(comes with i0S), or one of the many options available in Google’s Play or Apple’s App
Store.

Digital detox applications usually employ various features to assist struggling users.
Lyngs et al. have identified four feature clusters as part of digital detox applications to
introduce behaviour change: Blocking/removal, self-tracking, goal-advancements and

reward /punishments [LLST19)].

There are arguably specific issues with habits: mainly, it takes time and effort to adjust
habits since changing behaviour is a complex process [MRJT13]. Achieving short-term
results with these apps might be easy. However, the tricky part is building sustainable
healthy habits. What might work for one individual might not work for the next one.
Choosing the right detox approach and application with the features for your personal
needs has become truthfully difficult with the various offerings from all the available app
stores.

Yet the question arises: Why rely on the very thing to monitor you that you try to get
away from in the first place? Some might call it paradoxical.

Smartwatches have been termed the next killer product after the smartphone [JKC16,
RPP14, [SHN*17] with a market volume of 134 million units in 2023 and predicted growth

of almost 30% over the next five years®.

Smartwatches can change the way users interact with their phones and might reduce
phone dependency [CCBI5, VSVBF17]. Since the smartwatch is an intermediary between
the user and phone, interactions can be designed to require less attention from the user
to help with micro-tasks or provide easy access to information.

However, to date, very few examples of applications of wearables or smartwatches and
their usability in digital detox are known. Both in the available literature discussing
digital detoxification, nudging, and commercially available products (see Chapter [2)).

3Smartwatch market statistics, https://www.mordorintelligence.com/
industry-reports/smartwatch—-market-Accessed August 2023
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INTRODUCTION

1.3 Presenting research questions

F(Research Questions at a glance} \

e RQ 1: How might smartwatches aid with digital detox activities and
reduce phone screen time?

— RQ 1.1: How do participants react to alarm nudges on the watch,
and can they help reduce screen time?

— RQ 1.2: What is the user experience of having their usage data
information accessible through a watch face?

— RQ 1.3: What kind of behaviour modification in participants can
we observe and measure while using the prototype?

« RQ 2: How do usage- and health-data recordings correlate?

e RQ 3: Based on these learnings, how might we redesign interventions to
reduce screen time using?

\ J

Within this thesis I suggest investigating how digital detox interventions could be designed
and implemented to assist users in raising usage awareness and reducing screen time with
the use of smartwatch technology:

RQ 1: How might smartwatches aid with digital detox activities and reduce
phone screen time?

The research approach proposed is to establish an understanding of the current state
of research, commonly available and implemented intervention mechanics in similar
applications and derive user needs through preliminary user interviews.

Several possible intervention designs are feasible, given modern smartwatches’ capabilities
and feedback modalities. The most relevant feature of wearing a watch is the easy access
to information through its wrist-mounted display or interface, commonly known as the
watch’s face. This unobstructed manner of wearing the device at the wrist allows fast
interactions and reading presented details at a glance with low cognitive effort.

To address the current literature gap and help answer this research question, a prototype
was developed (see Figure |1.2; this also serves as an example of a watch face). Assuming
that, from the starting point of this research, an alarm mechanic to enforce screen-time
limits and a watch face will be part of the intervention design proposed in this work,
the question can be further divided into the following two sub-questions, which will be
evaluated during a user study employing the prototype:
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1.3. Presenting research questions

Figure 1.2: Watchful’s watch face in action

RQ 1.1: How do participants react to alarm nudges on the watch, and can
they help reduce screen time?

RQ 1.2: What is the user experience of having their usage data information
accessible through a watch face?

)

Furthermore, with various data recordings and metrics available that describe participants
behaviour, one additional question arises:

RQ 1.3: What kind of behaviour modification in participants can we observe
and measure while using the prototype?

Another aspect of smartwatches is the promising opportunities to modify physical activity

behaviour [SAVL'16, IGMvO™18, BWO™19, TMM™20] and increase health awareness

among their users. In this regard, social media, among others, have additionally been
proven valuable as tools for health promotion and education [SSLI0), [KI13].

However, with tracking data available for physiological information, physical activities
and phone usage, another interesting question can be formulated:

RQ 2: How do usage- and health-data recordings correlate?
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1.

INTRODUCTION

This leads to the final research question, which tries to summarise all the findings from
the prior questions into suggestions or guidelines for future research based on the findings
of this thesis:

RQ 3: Based on these learnings, how might we redesign interventions to
reduce screen time using?

1.4 Presenting thesis structure

This thesis has been structured in the following way, as visualised in Figure [1.3:

Chapter 2 reviews existing literature using repository academic search engines Google
Scholar, IEEE Xplore, ACM Digital Library and Science Direct (Elsevier) to identify
relevant reference designs and applications as well as the theoretical background (see
Chapter 2).

With the identified gap of watch-based interventions in the current body of literature and
a review of reference intervention applications to help reduce phone screen time, designing
and implementing a prototype was the logical next step. The technical capabilities of
mobile operating systems and available smartwatch hardware and software products
were evaluated in Chapter 3| to decide on a usable prototype platform (see Section 3.4).
Preliminary interviews (n = 6) were conducted to get a more grounded understanding
of user needs and how others felt about their phone usage, their strategies to manage
screen time and the use of smartwatches (see Section 3.1)).

Based on these findings and decisions, designs of possible and implementable intervention
methods were created or adapted from reference applications (see Section 3.2).

As the next step, an Android phone application was developed with a companion WearOS
application to explore and evaluate the proposed intervention designs (see Sections 3.5
and 3.6)).

The prototype was evaluated in a pilot study with two participants to gain insights into
authentic user experiences and potential technical issues. The revised prototype design
was evaluated with a small (n = 9) user study to test our proposed intervention scheme
and to capture user feedback about the participant’s personal experiences during the
study (see Section 3.9)).

Data from six participants were selected to be further analysed (three participants were
excluded due to loss of data or faulty data records). Results are presented in Chapter |4
and further discussed in Chapter 5. Chapter (6) completes the thesis and presents the
conclusions and final thoughts.
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1.4. Presenting thesis structure

-
Research Idea
(Chapter 1)
Literature review, Understanding user requirements
Review of reference applications and needs (Section 3.1)
Review of intervention design . 20-30
(Chapter 2) interviews min =g
Intervention design Platform selection Application design
(Section 3.2) (Section 3.4) (Section 3.3) R
Application Development
(Section 3.5 - 3.8)
Usability pilot testing
interviews 15 - 30 min |
n=2
b -
™\
User Study
(Sections 3.9.1 & 3.9.2) n=9
Sta
2|3
212 |—
-
14 days mid study survey 5-10 min % ; T
: ke -E - =
=
L o
E
15 - 30 min
RO1.1
- RQ1.2
v v oy
™
\d
Pre-Processing
Analysis
(Section 3.9.3)
n=6 L RQ1.3
\|_|/ RQ2
Results RQ1
(Chapter 4) RQ3
p —
(Chapter 5)

Figure 1.3: Research Design (qualitative data in blue, quantitative data in green and
mixed data in pink)
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CHAPTER

Review of Literature

The following chapter represents a review of the literature discussing the theory of change
behaviour, habit-formation, published implementations and designs of smartphone-based
applications to help with screen-time reduction.

As reference publishing repositories and search engines, Google Scholar, IEEE Xplore,
ACM Digital Library, and Science Direct (Elsevier) were used.

2.1 Effect of digital overload

By default, applications like Android’s Digital Wellbeing' or Apple’s Screen Time?, to
name only the ones that are available from mobile operating system manufacturers,
are pre-installed on mobile devices. However, the fact that average daily phone screen
time has been increasing over the last few years fosters the assumption that promoting
awareness or actively reducing product usage is not a primary interest of smartphone
manufacturers, platform providers, application developers or users. Easy access, captivat-
ing and frictionless designs, algorithms that find endless relevant content and gamification
mechanisms motivate their users to spend more time with applications.

With the rise of digital usage concerns, tools have been provided to monitor, moderate
or restrict device usage. In the end, however, it’s up to users to build usage awareness
and employ them in their personal space.

The underlying root cause of people’s extensive preoccupation with digital devices, such
as smartphones and digital content (‘Internet Addiction’ and social media)[KG11], is

!Digital Wellbeing, https://www.android.com/digital-wellbeing/|-Accessed November
2021

2Screen Time, https://support.apple.com/en—gb/guide/iphone/iph24dcd4fb8/ios-
Accessed November 2021
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Figure 2.1: Google search trends for the term ‘digital detox’

currently still debated ﬂm Reasons for the predicament might be likewise multi-
faceted or driven by underlying conditions, for instance, depression or low self-esteem.

Whereas there is a dispute about the origin of addictive behaviour, there exists a kind
of consensus regarding therapy: mainly abstinence or moderation of use, among others.
This brings us finally to ‘digital detox’ as a coping strategy to target excessive usage.

In a systematic review by Radtke et al. [RAST21], the authors try to find evidence of ben-
eficial outcomes with digital detox as an intervention method. Although numerous studies
have been considered, general conclusions are diverse and show mixed or contradictory
findings regarding detox efficacy. Radtke et al. blame the variety of implementations
of digital detox, among other factors, like different measurements of similar outcomes,
assessment timings, participant selection, and randomisation of study groups. Further
limitations highlighted by the authors are the lack of device-based measurements of
users’ behaviour that would allow a more reliable assessment than self-reported behaviour
and tracking compensation behaviour (i.e. using a non-monitored device to access social
media).

Yet, despite this large body of research focusing on the negative side of social media,
others found positive effects, e.g. as a tool to get health information or emotional

support [GT20].

An eight-year longitudinal study investigating the relations between social media, depres-
sion and anxiety by Coyle et al. found that those participants using social media more
often have higher scores in mental health difficulties. But from a within-person point of
view, the changes in one (social-media) do not covary in the other (e.g. depression), but
instead the authors found no evidence of social media being a risk-factor to developing
depression and anxiety in their sample at hand. This lets the authors wonder ‘if society
is in a moral panic, at least concerning the sheer amount of time spent on social media

and mental health’ [CRZT20).

Wadsley and Thssen suggest that voluntarily restricting social media use for one week
shows nuanced and potentially off-setting effects on well-being, as both triggers for
negative and positive emotions are removed [WI23].

The worldwide COVID-19 pandemic (starting late 2019) and accompanied by month-long
lock-downs during 2020 and 2021 due to quarantine policies increased the speed of digital
transformation processes in various sectors (e.g. education [ISVO20] and health [PSS20]).
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Sparked new discussions about home office and its impacts on physical [WSRS22] and
mental well-being through digital overload [MHEF22]. Figure 2.1/ shows the worldwide
interest in ‘digital detox’ since 2012°. As we can see, it’s an upward trend, with the
last three spikes (January 2020, September 2020 and March 2021) during the COVID
pandemic.

Parry et al. ﬂm, while investigating the adoption rate of digital detox applications,
found that although 80.48% of their participants indicated that they are aware of digital
well-being applications, 63.06% of those respondents indicated that they have ceased
using (16.12%) or have never (46.94%) used such applications.

2.2 Digital habit formation

A habit is a disposition to perform a given behaviour \Gar15, [PVCB1§|. Habitual
behaviour is the behaviour that results from this impulse [PVCBIS|. People are not
necessarily unaware of their behaviour but are usually ignorant of the habit’s inner
workings, which makes them hard to change [WR16]

Dual system theory is a model to explain how impulses can arise, and decisions are being
made. It describes two distinctive cognitive processes: System 1 is the unconscious, fast

and parallel pathway. Making use of automatic responses, learned habits and heuristics.

System 2 is slower, conscious, and driven by goals, intentions and rules. The latter process
is necessary for planning, decision making or overcoming habits and temptations. Hence,
to make a new desired behaviour (i.e. healthy) a habit, it needs to make the transformation

from a system two process into a system one path [LLST19, [Kah1l, PVCBIS].

In the context of digital detox, the following recommendations have been made:

Pinder et al. outlined several theoretical approaches to change habits and recommend
the implementation of intentions and automation (i.e. context-based) of self-regulation in
the habit formation regard [PVCBIS].

Monge Rofarello and De Russis [MRDRI9] have classified available digital well-being
assistants (in Google Play Store only, n = 42) in an exploratory study into two categories
based on the provided features — self-monitoring and interventions. Interventions can
occur on the phone or app level (i.e. timers and blockers) and additional mechanics like
rewards or motivational quotes. Meanwhile, self-monitoring features describe tracking
and data-presentation functionality. Tracking and data visualisation are among the most
popular features in the examined applications (see Figure 2.2a)), whereas intervention
features are more sparsely distributed. This could be explained due to the different
approaches and mechanics each of the examined detox assistants implemented.

Based on the findings of their exploratory studies, the authors built their well-being
assistant. They evaluated it in a user study, which revealed that despite self-tracking
playing an essential role in a successful behaviour change process, it rarely supports the

3Google Trends, https://trends.google.com/trends/explore-Accessed August 2023
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Figure 2.2: Feature and features clusters commonly used in detox applications [MRDRI9]
LLS™19
formation of sustainable behaviour since the removal of the monitoring entity participants
mostly relapse into beaten tracks.
Consequently, the authors identify a need to be grounded in habit formation research
to provide long-term adherence to healthy behaviour and recommend making use of
the contextual-awareness functionality of smartphones to suggest new habits dynami-
cally [MRDRI9].
Similar to Pinder et al. [PVCBIS], Lyngs et al. [LLST19] have provided a study of
Android and iOS apps and browser extensions that serve as digital well-being and detox
assistants. And investigated their overlaps or differences in their implementation of
applying dual system theory. Figure shows the distribution of features in the
examined apps (n = 367), which is, to some degree, despite smartphone applications
with browser extensions and using different clustering and labels, comparable with the
findings of Rofaello and De Russis [MRDR19]. Lyngs et al. identified gaps in available
implementations that could be used for habit formation: scaffolding habits instead of
blocking mechanisms. Furthermore, they found a lack of the use of delay mechanisms
and expectancy components. Which represents how likely the user thinks he will succeed
in achieving his goals.
12
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2.3. Nudges and challenges of self-control tools

2.3 Nudges and challenges of self-control tools

According to Thaler and Sunstein, a nudge ‘is any aspect of choice architecture that alters
people’s behaviour in a predictable way without forbidding any options or significantly
changing their economic incentives’ [T'S08|, p.6]. The idea is to put the healthier option in
a relatively nearer location, speaking in abstract terms. For example, providing employees
with a free fruit basket next to the snack machine is a nudge.

One intervention method commonly used for behaviour change in digital environments is
digital nudges. Weinmann et al. describe the term as ‘the use of user-interface elements
to guide users’ behaviour when they are required to make judgements or decisions in a
choice environment [WSB16]. Yet the outcome doesn’t just depend on the thoughtful
consideration of the available options alone. The design of how the options are presented
plays an additional subconscious role. This gives designers or choice architects the
capability to influence behaviour following dual-process theory TS0§].

Affecting an outcome of a decision can be already done by changing default options (e.g.
opt-in v.s. opt-out as the default option) as shown by Johnson and Goldstein [JG03]. Be-
sides settling on defaults, other techniques are available to choice architects — summarised
and provided as taxonomy by Miinscher et al. [MVS16].

Digital nudges have found their use in multiple applications for digital detox apps, which
will be discussed in Section 2.4

Habits represent learned behaviour which can be automatically used by System 1 processes
in the context of dual system theory. Unfortunately, building up habits takes time.
mHealth user studies implementing interventions to promote more active lifestyles describe

three to six months until exercises become habitual behaviour [LVJPWI()].

Despite the duration of the intervention activities, the self-imposed strictness and aban-
donment of self-regulation methods pose another issue when they become unbearable for
the user. Schwartz et al. describe four basic design patterns to reduce the overall risk of
abandonment [SMRDRAZ21]. Firstly, they use continuously variable interventions that
can be scaled up or down in case of user dissatisfaction or concern. Secondly, bundling of
interventions and thus pursuing a mixed strategy of interventions (e.g. summary visuali-
sations and app timers) becomes more likely to succeed. Thirdly, users have been left in
control over which intervention they partake in, although they are often disappointed by
the results. This can be mitigated by letting an expert prioritise the selection, which
might benefit the user’s experience and expectancy. Lastly, digital well-being assistants
rely on consistent behaviour, which can be challenging due to changes in the technical
environment. By implementing these patterns, the authors expect reduced user autonomy;,
accompanied by a reduced risk of abandonment of the ongoing interventions. A lower
risk of intervention discontinuation should support the formation of healthy habits in the
long run.

Kovacs et al. additionally propose a rotation of interventions because users
tend to ignore them after a while.

13
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Hummel and Maedche have categorised nudges and evaluated their effect sizes in a
systematic literature review. They conclude that the nudges might be less effective than
anticipated depending on the context (application) and nudge dimension (after Miinscher
et al. [MVS16]). They found that nudges promoting ‘defaults’ show significant effect
sizes in 62% of the studies. However, in a health-related context, nudges are more likely
to use change effort, which shows only half the effect size (median 25%) compared to

defaults (median 50%) [HM19].

Ultimately, nudges can always be used and most certainly are used to promote ulterior
motives that are not in the best interest (so-called ‘dark patterns’ in UX design, coined
by Brignull?). Thaler refers to such malpractices that don’t have the user’s best interest
in mind as ‘sludge’ and recommends encouraging the public and private sectors to
engage in ‘sludge cleanup campaigns’ [Thal§|. Gold et al. found that transparent
behavioural interventions resulted in higher acceptance rates for various fields, except
when encouraging physical exercise [GLAO23]. Purohit et al. discussed that although users
might not be aware of the psychological mechanisms employed by choice architects [Mil23],
they should have the autonomy to follow or unfollow nudges as they please .
Purohit et al. summarised these as a guideline on how nudges are supposed to be [PBST23]:

1. transparent [GLAO23]
2. easy to opt out. [PH21

3. designed with the user’s well-being in mind [ThalS]

Schwartz [Sch19] provides several criticisms about the nature of self-regulation tools,
which partly influence the design patterns mentioned above [SMRDRAZ2T] to limit the risk
of intervention abandonment. However, Schwartz proposes that self-control tools must
combine the desires of all parties involved in using the tool: users, tool designers, platform
owners and developers of blocked applications. The tool represents, consequently, a form
of control by others and oneself.

Purohit et al. found that digital nudging adoption is hindered by usability and ethical
concerns [PBH20L [PH21]. Nudges designed for digital detox often introduce increased
efforts to complete a task related to undesired behaviour or add subtle to forceful feedback
(e.g. notification) to ongoing activities, thus impacting usability and user experience and
eventually leading to disregard or abandonment in the long term.

FEthical and privacy concerns about digital detox tools or nudges analysing usage data,
intervening or changing experiences leave a bitter aftertaste of lost control over free

choices, surveillance and paternalism [ST03, Wid20)].

Almourad et al. evaluated user reviews of Digital Wellbeing an SPACE® and extracted
factors influencing user acceptance and rejection towards digital well-being applications

4Dark Patters, https://www.deceptive.design/types-Accessed August 2023
®SPACE, google play, lhttps://play.google.com/store/apps/details?id=mrigapps |
andriod.breakfree.deux-Accessed August 2023


https://www.deceptive.design/types
https://play.google.com/store/apps/details?id=mrigapps.andriod.breakfree.deux
https://play.google.com/store/apps/details?id=mrigapps.andriod.breakfree.deux

Die approbierte gedruckte Originalversion dieser Diplomarbeit ist an der TU Wien Bibliothek verfligbar

The approved original version of this thesis is available in print at TU Wien Bibliothek.

[ 3ibliothek,
Your knowledge hub

2.4. An abbreviated history of digital well-being applications used for screen-time reduction

~ Reminding
"/ Usage Tracking
i
- Natifications
[~
l/- Usage Avareness Brogress Tracking
{ e Chars & Visualization

/ |
! )
{ | " Constant Feadback

~ Sensory Stimulus Reduction

|
|
«L - Goal Setting

S Lack of Functional Customisation

[ oot
I /CDnlru\—Of—Aumrlumy Disruption
| ~ Posilive Reinforcement / ) i )
| / — Primitiv Reporting Capabilitiss
~ Battery Efficiency /

\ / . ‘
\_ ,-/ | ~ Perceived Inconsistency

Motivistion —{— Healthy Lifestyle |

e | | —ack of Fault-talerance
Functional®y |1-— Unrefiabiity {_

| i) Disrubt Task Flow
1

| Inaccuracy

\ - Discrepantcies between Expectation and Actual Use
- performance —C

— Interference with other Functianalities

\ Powser of Choice

— Time Management

Acceptance
Factors

/— Limiting Unconscicus and Passive Usage

= Uniacking frequency

. Behavhuraiihanget Deleting Applications
/ Vo

| \-Snm\n Time Reduction Rejection

Factors

— Repetitive Reminders

- nnsonsmseﬁon—(
— Friendliness /
Language &

—— Non-intrusive

— Lack of Persanalisatian

—— Practical Unacceptability

\" Behavioural Ch.‘mge{

| ~ Easy 10 Use

\\ [~ ppealing Lagout
~ Usability -‘L Fersanalisation

|

L\k Disabling Applications

— Outcames Imperceptibility

— Pililoge Escalation
Trustworthiness—(
4 " Unauthorized Access

Transparancy

(a) Factors favouring user acceptance (b) Factors leading to user rejection
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— Customization — User Consent

through thematic analysis (see Figures 2.3al and 2.3b). The findings show that imple-
mentations of usage awareness positively influence user acceptance. However, the other
part of the presented results shows how carefully all parts (user interface, the nudges,
language involved, technical aspects) of the application must be designed ﬂm to
not lead to user rejection.

2.4 An abbreviated history of digital well-being
applications used for screen-time reduction

This section overviews the literature’s commonly available digital well-being and detox
applications and approaches.

The list of applications and approaches is not complete by far, but it serves to showcase
examples of users’ needs during that period. There is a noticeable switch from just
providing tools for monitoring and regulating phone and app usage to investigating the
most effective ways to reduce usage and build sustainable habits. In recent years, there
appears to be more focus on even more specialised applications using more subtle but
visible feedback targeting to help reduce social media or news consumption [m

OSDE1S]

In 2013, Lochtelfeld at al. released an app called AppDetox in the Android Play
store [LBG13]. The provided features were based on three rules: One would allow users
to define time-frames in which opening a specific app was restricted. Another rule would
categorically block the starting of apps, and lastly, one would create a countdown during

15
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Figure 2.4: AppDetox [LBG13|

which the app can’t be used (see Figure 2.4aj and [2.4b)). Breaking a rule was recorded
and displayed in an extra overview (see Figure 2.4c). Creating and maintaining rules was
voluntary, and users seemed to have used them in the morning to prepare for the day
ahead. The authors analysed the rules and violations of almost 12k users and found the
top 3 rules defined were for messaging, social media and browser applications [LBG13].

In 2016, Hiniker et al. proposed the app MyTime, which tries to support people in
achieving goals related to smartphone non-use [HHKKI6]. Three intervention nudges
were implemented: Firstly, users were asked what they wanted to achieve today, then
they could select from a catalogue of all installed applications apps they wanted to track
and set a timer for maximum daily usage. Whenever one of the tracked applications was
started, a live notification in the status bar showed a progress bar displaying the time a
user had spent with the app regarding the set limit.

If a limit was reached, a Ul overlay would appear, displaying the set limit and the defined
goal for the day, proposing an alternative to phone use. Users then had the option to
dismiss the overlay, to be reminded of the timer again after a short while (5 minutes or
10% of the limit) or to acknowledge the timer’s proposal, thus quitting the monitored
app and returning to the phone’s home screen (see Figure 2.5).

Participants (n = 33) reduced daily by an average of 33 minutes (11%) (1 week of baseline
and one week of intervention). The timeout feature was partially used to gain information
about usage, which was reflected in how users reacted to the ‘time’s up’ notifications.
However, participants reduced their use of applications that they considered a ‘waste
of time’. The feature was not used by all participants equally. Hiniker et al. found
that those interested in making contextual changes to phone use engaged more with the
aspirations feature, whereas others chose not to engage with this specific feature entirely.
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Figure 2.6: i0S’s Screen Time and Focus (i0S 16)

The authors were unsure how the behaviour change fares in the long term [HHKKIG].

With iOS 12, released in September 2018, Apple added Screen Time to the roster of
built-in system features. With this application, it became possible to get detailed usage
information, block or limit time spent with certain apps, and even get weekly reports
about usage trends in iOS (see Figure . Usage data could be gathered over various
devices (see Figure within the Apple ecosystem as soon as users activated their
Apple ID and opted-in for data collection. iOS 15 (2021) added another application called
Focus, which allowed schedules and more advanced rules for do-not-disturb modes for

different profiles (personal, sleep, work) (see Figures and [2.6d)).
Also, starting with 2018, Android got a built-in application called Digital Wellbeinéﬂ

5Digital Wellbeing~|https ://www.android.com/ digital—wellbeing/l»Accessed June 2023
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Figure 2.7: Android’s Digital Wellbeing (Android 13)

responsible for various aspects of digital detox and was initially launched in 2018. The
app is deeply integrated into the operating system and other Google applications and
provides a public API that developers can use, e.g., to gather usage statistics.

Dashboards and overviews provide information on daily and weekly app usage, phone
unlocks and received notifications by app. Historical data was accessible only up to 4
weeks prior, although it’s possible to programmatically gather aggregated data for more
extended periods. Setting usage time limits for apps and URLs when browsing in Chrome
is possible. After exceeding these goals, the app or URL will get blocked and can’t be
used for the rest of the day unless the limit gets removed. Additionally, a focus mode can
be scheduled to pause a user-specified list of applications, disable notifications for the
given time frame and display a dialogue when a focus-listed app starts. This leaves users
with the choice to discard their try to use the app or use it for a limited time. A so-called
bedtime mode can also be scheduled, which silences the phone and all notifications, dims
the brightness of the background wallpaper and turns the screen into black-and-white
mode.

Given how deep third-party apps need to be integrated into systems to support restricting
features, providing default built-in tools in the commonly used mobile operating systems
can be seen as a sensible strategy to ensure users’ privacy.

Okeke et al. created an application for Android called GoodVibe that provides
users with real-time, textual feedback of how much time they have spent on a mobile
application. Furthermore, a digital nudge in the form of gentle phone vibrations when
a specified daily usage limit for an app is reached (see Figure 2.8a) was added. The
application could track and monitor all presently installed applications on the phone.
However, the authors focused on Facebook and limited only it’s application for the user



Die approbierte gedruckte Originalversion dieser Diplomarbeit ist an der TU Wien Bibliothek verfligbar

The approved original version of this thesis is available in print at TU Wien Bibliothek.

M 3ibliothek,
Your knowledge hub

2.4. An abbreviated history of digital well-being applications used for screen-time reduction

& Focebook, the world's most oddictive d 2, TOTAM | Thy, February 8 o]

e The Economist =
@ t —e v

Most Americans spend the equivalent of two full workdoys
eoch month on Focebook, according to one estimate

Daily Time Limit

@ hour min
@ hour min

<Last week's average use time=
Weekdays: 50 min, Weekend: 80 min

Weehdays  Weekend
Recormended .

S min 5
2% reduction 40 min 48 min

(b) GoalKeeper’s alarm con-
figuration screen. Notice the
different options for weekdays

(a) GoodVibe by Okeke et al. [OSDEIS] and weekends [KJKL19|.

Figure 2.8: screenshots of GoodVibe by Okeke et al. [OSDEIS8| and GoalKeeper by Kim
et al. [KJKL19]

©% ¥ You, I8 Corlson ond 2k others ©% & You, JB Carlson ond 2k others

- (9] & . = ) <

study. An MTurk study that split participants (n = 50) into three groups (control: no
limits, just the feedback (n = 16); rigid: fixed limit of 30 minutes and five times opening
the app (n = 29); personalised: 50% of benchmark’s week average usage and start counts
(n = 15)) was conducted over three weeks. The first week was to capture the baseline, the
second would introduce the vibration nudge, and the last week would remove the nudge
again to assess the effects of removing the intervention. Okeke et al. found significant
reductions between the first and second weeks for the groups using the nudge. However,
there have been no significant changes for the last week. Participants reported that
the vibrations increased their awareness but were not strong enough to cause them to
abandon Facebook entirely, as some participants would continue to use the platform
after the vibration had started. A follow-up one year later revealed that the replying
participants (n = 21) reported feelings of overusing Facebook and simultaneously using
no app to help them monitor their use. Even though 90% claimed that it’s important to
them to regulate time spent on applications.

Kim et al. own application Goalkeeper [KJKL19] employed several different mechanisms
and proposed comparably more substantial restrictions on their users. Standard features
like a timeline (see Figure 2.9al), the capability to define time limits for applications (daily
and weekly limits are supported) and utilising the notification bar to provide quick access
to usage information were included. The authors, furthermore, introduced a break and
lockout mode during which only basic phone functions can be accessed (physical buttons
got deactivated). Break mode can be started voluntarily and stopped at any given time
(see Figure 2.9c), whereas lockouts are triggered after exceeding defined usage limits
for applications (see Figures 2.9d and 2.9b)). For the evaluation study, three different
levels of severity for the lockout were used: non-locking (no consequences after reaching
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limits), weak-locking (increasing longer periods of locking after periods of allowance
time) and strong-locking (locking the phone after exceeding limits until midnight). A
four-week deployment study was conducted where participants (n = 46) were randomly
assigned to a lockout-level group after the first baseline week and advised with a 10% and
20% reduction goal based on baseline measurements. Most participants felt pressured
by the lockout mechanism and consequently planned their smartphone usage or even
diverged to other computer devices. In contrast, participants from the non-locking group
naturally ignored the fact that they had reached their limit (some felt disappointed and
guilty). Thus, the authors found that the stronger the lockout mechanism, the more
the user can reduce their usage time by suppressing the temptation to use their phones.
Interestingly, a few participants found exploits that let them leave lockout mode due
to software issues, and in turn, their commitment level towards screen time reduction
seemed to have weakened. They would rather continue to use their phones. The authors
found the short study duration a limitation, as the long-term effects of adoption processes

were not observable [KJKLI9].

Monge Rofarello & De Russis have implemented Socialize (see Figure after
reviewing 42 available digital detox applications using features that were present in at
least 15% of these apps: tracking, data presentation, timers and contextual interventions.
For evaluation, 69 participants installed and used the app for three weeks (a one-week
baseline and a two-week intervention phase). The authors found a significant reduction in
screen time and the number of apps used, in contrast to phone unlocks and the number
of app executions. Despite using Socialize, participants constantly checked their phones,
but they reduced the time spent on social media significantly. The authors found that
their app and others alike can be useful to reduce screen time. However, interventions are
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rarely used, and even the use of Socialize did not change how they perceive problematic

phone use [MRDR19).

Purohit et al. [PH21] experimented with iOS Shortcuts application to create nudges to
reduce the use of Instagram. Shortcuts allow users to program tasks without knowledge

of any programming language and can thus theoretically be used with any app or content.

The authors see the benefit of ensuring privacy and ethics by using this approach with
built-in resources and mechanisms. The proposed intervention consisted of a Shortcut
automation rule that would post a notification with the spent duration every minute
after opening Instagram (for 10 minutes). A two-week evaluation study (one week of
baseline, one week of intervention) revealed that the nudge significantly reduced the
time participants (n = 20) spent on Instagram and was perceived as showing excellent
usability.

Shahu et al. [SMWM22] proposed an application called Nudgit that tries to help with
news consumption on smartphones with the help of digital nudges. The app was a host
container for various news platforms and implemented three different mechanisms to
reduce participants’ news consumption. The effort to open a news portal (holding the
associated portal button) was increased every time the news site had been opened within
the same day (see Figure 2.11a) The app supported setting time limits for given news
portals and displaying an overlay with statistics and recommendations for alternative
activities upon reaching the goal (see Figure 2.11b). As a third nudge, Nudgit could filter
news feeds by user-defined topics and block and remove unwanted articles (see Figure2.11c)
For evaluation, participants (n = 5) used the prototype over two weeks, with the first
five days used as a baseline for news consumption — the nudges would be made available
after a mid-study interview. A significant decrease in opening the app compared to the
baseline versus the rest of the study was reported. Interviews revealed that participants
further became more aware of their news consumption behaviour and that the nudges
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Figure 2.11: Screenshots of Nudgit [SMWM22]

assisted the participants in reducing time spent with news platforms [SMWM22| There
were no investigations regarding the long-term sustainability of the intervention, which is
understandable, given the study scope (as a pilot) and size.

Again, Purohit et al. [PBS™23| employed i0S’ Shortcuts app again to co-create nudges
with participants for Instagram. The authors used the Shortcuts app to create an
automation that would push a notification displaying how often Instagram had been
opened when the social media app started (see Figure 2.12). Study participants (n = 10)
would co-create an automation intervention for Instagram with a researcher after spending
the first week capturing a baseline of usage. Instagram usage was tracked using another
Shortcuts instruction logging timestamps to a local CSV file [PH21]. However, participants
were told the research’s purpose was to develop interventions for digital well-being
that they and others would like to use. As they built the above-described nudge, the
intervention’s customisation was limited to the messaging displayed in the notification.
Participants actively used the co-created intervention automation during the second week
of the study. The authors reported a significant reduction in both Instagram usage time
and the times Instagram was opened when comparing the baseline and intervention week.
Additionally, participants felt to have a sense of agency and accomplishment. Perceived
privacy, privacy concerns, and usefulness were reported as being very high, which would
lead to sustainable behaviour. The authors attribute the success to a kind of IKEA
effect [NMAT2] as ‘T designed it myself’ fills users with more agency [PBS™'23].
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2.5 Towards tangible devices and Wearables

In recent years, wearable technology has found its way into consumer products and
proposes to enhance our quality of life in ways a smartphone alone cannot achieve. These
devices come in wristbands, watches, jewellery, glasses, clothing, and many other shapes.
They can help their bearer to perform micro-tasks or sense and collect data around the

clock [SHNF17].

Most prominent among Wearables are currently smartwatches, which have been termed the
next killer product after the smartphone [JKC16, [SHNT17] The history of body watches
might have contributed to the first major lessons for wearable computing, as there are
striking parallels in the evolution (minimisation, body positioning, affordability) [Mar(02).

Wearables and smartwatches have been successfully used in various studies investigating
behaviour-change interventions: promoting physical activity in sedentary lifestyle m
IMHMI16]. Others have employed data from wearable sensors to identify symptoms
of depression, bipolar disorder and schizophrenia [SDV.J*19)].

Good examples of intervention methods are two smart lamps that try to reduce phone
usage before bedtime and thus help to establish better sleep hygiene.

Lee et al. proposed D-Tox a smart lamp that tries to help adolescent phone
users reduce the frequency of smartphone usage during nighttime. The lamp would
change its colour depending on various factors: if the phone is not placed in the bottom
part of the lamp (see Figure [2.13b)) after a defined amount of time, the lamp would
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turn red to indicate it’s time to stop using the phone. Otherwise, a ‘cosy light colour’ is
enabled to help sleep better (see Figure 2.13a)). The system also included gamification
elements, such as a goal and reward system and a dedicated smartphone app for parents.
Unfortunately, the prototype design was not evaluated by a study [LLKCIT].

Choi et al. proposed two prototype designs (see Figure 2.13d)): Prototype A
was a bedtime remember that would display the time until sleep. Prototype B reflected
the phone usage (arousal bar) while showing the time till sleep. When a phone was put
into the lamp’s station, the arousal bar started to reduce again. A field study over three
days revealed that participants (n = 8) preferred prototype A over B since B introduced
more pressure to the participant, but in turn, it could reduce the time their phone was
used before bed.

Both prototype lamps show how intervention design can change using different environ-
ments and involved devices.

Rudolph Schelling Webermann (RSW) proposed TIME OFF!" a watch with a digital
time-out button for the phone as a design study. The watch would hold a simple digital
display showing the time and a big red physical button (see Figure 2.14a). Pressing the

"TRSW: TIME OFF!, |https://rudolphschellingwebermann.com/en/projects/off-
Accessed August 2023
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Figure 2.14: TIME OFF! a design study by RSW

stop-watch-like button would enable a time-out mode on the linked phone to help with
distractions (see Figure 2.14b)). Although only a design study with no fully functional
prototype, the idea is simple and elegant.

Wearable technology opens up new design spaces for user interaction. It offers new
opportunities for designers, developers and researchers that could be used to assist with
the reduction of phone and application consumption.

It becomes apparent from the body of literature and available applications just very
few applications currently use smartwatches to assist in digital detox activities or even
represent functional prototypes

2.6 Regarding Health—monitoring and, activity and
condition recognition with Wearables

Prevention and early detection of medical conditions are essential for promoting well-
ness. However, traditional clinical diagnostics often fail to detect early stages of issues
because they are often only carried out in emergencies. Previous patient history is
often partially unknown or sketchy, and practices are often complex to carry out in non-
hospital environments or labs [MSKR.J17]. Hence, deploying devices in out-of-hospital
environments could greatly assist individuals and medical practitioners, thanks to the
comfort and daily care they provide to the wearer [IMD¥21]. A broad range of clini-
cal, research- and consumer-grade wearables already exist that could help revolutionise

healthcare [DRSTS, IMD*21].

Wearable systems can be employed to either try to prevent diseases by correcting
unhealthy behaviours or provide responsive capabilities that detect medical conditions
by monitoring and analysing biomedical signals over long periods [MSKRJ17]. Wearable
systems used to monitor health are comprised of various miniature sensors, which
are capable of measuring significant physiological parameters, e.g., heart rate, oxygen
saturation, blood pressure, body and skin temperature, respiration rate, galvanic skin
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response WCY19, IMSKRJIT]. Other sensors might be added to capture

environmental parameters, e.g. accelerometer, gyroscope, magnetometer, GPS, barometer,
humidity, temperature, light sensor, etc. [MSKRJ17]

Raw sensor data can be processed and interpreted on the device and then communicated
to other devices or cloud services for further processing or storage. Analysing raw
sensor signals to recognise medical conditions or to detect physical activity like gait,
steps, sleep cycles, etc., can occur on the device (e.g. [Udd19]) or as part of cloud
services, depending on the complexity of the methods involved (see Figure 2.16| for an
example system architecture). Recognition tasks can be solved with machine learning
approaches [WCYT9] (see Figure 2.15). Wang et al. distinguish the approaches between
traditional recognition pipelines using handcrafted features and deep learning methods
such as convolutional neural networks or recurrent neural networks [WCYT9).

Wearables and smartphones offer promising opportunities to change physical activity
behaviour. Systematic reviews have documented the positive effects of smartphones and

wearables when promoting physical health [SAVL 16, IGMvO™18 IBWO™'19]. However,

often, studies only report short-term changes or only recruit healthy users.

Monge Roffarello and De Russis found in their systematic review that current digital
self-control tools include a lack of theory and in general disregard ethical implications and
issues. Secondly, the prevalent short-term evaluation leaves their performance in terms
of building long-term sustainable habits up to speculation. Furthermore, the authors
propose based on the review that future research might look into overcoming a limited
perspective that focuses on technology overuse and self-monitoring tools and finally to
find a way to deal with the business models of big-tech enterprises, that benefit from the
continuous and frequent usage through their users and clients [MRDR23].
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2.6.1 Challenges

Wearable technology still faces numerous challenges, starting from regulatory issues and
compliance to standards when being used in the health sector to power consumption
and ethical concerns IMC15]. Among these issues to
users, the most relevant one probably is privacy since wearables capture data which is
highly attributable to a user and provide intimate insights into a person’s life and state
of health or can be used for malicious activities [PZ17]

Another problem that often impacts user acceptance is the accuracy of sensor data or
recognition results, as shown by Svenson et al. ﬂm for detecting sleep cycles. The
authors compared sleep measurements of the Fitbit Versa smartwatch reported with a
validated single-channel EEG system for 20 participants and two weeks’ worth of nightly
data. The results showed no significant differences between time spent in bed and total
sleep time, but the watch significantly over- and underestimated time spent in deep sleep
and being awake. Despite this discrepancy, Svenson et al. found that this sleep tracker
could still be helpful in measuring sleep duration in longitudinal studies [SCTT19] with
some limitations.

2.7 Combining wearable and phone usage data

Combining data from multiple devices or sources to recognise mental state, mental health,
stress, and sleep quality is not new. Sano et al. text] have collected accelerometer
data and skin conductance data from a wearable sensor alongside mobile phone data to
infer a measurement of general health, mood and stress.

The same Sano and different et al. [SPAT15] collected data from wearable sensors, phone
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data along with self-reported measurements for sleep-score and personal traits tried to
characterise factors which favour academic performance, sleep quality, stress and mental
health.

Massar et al. have demonstrated that using wearable sleep tracking data, phone-based
tappigraphy and self-reported provide redundant and complementary information about
sleep behaviour [MCS*21]. Although tappigraphy does not involve phone-usage measure-
ments such as screen time and which application participants used, it might be possible
to estimate daily screen-time through deduction.

Arora et al. [ACB21l [ACB22] have been using physical activity and sleep data from
smartwatches and screen time attributes from smartwatches to assess sleep quality and
behavioural health. The authors further propose methods to predict sleep quality based
on these attributes with 91% accuracy.

2.8 Guidelines for designing digital detox applications

In addition to the overview of applications in Section 2.4 and 2.7, the following sec-
tion presents recommendations and guidelines for designing and implementing digital
interventions.

2.8.1 Nudge design

Roffarello & De Russis have summarised their recommendations for implementing digital
detox applications with the following three suggestions [MRDR19].

Positive Reinforcements & attainable goals Positive reinforcements have been
found to foster more sustainable long-term behaviour changes [APS97, [CMT09, MRDRI9).
As Consolvo et al. put it, performing the desired behaviour should be rewarded. Still,
when actual behaviour does not reflect the desired behaviour, it should not get either
rewarded or punished, but the individual’s interest should be sustained. There might be
times when the individual is unable to achieve the desired behaviour due to various reasons,
for which the intervention should not trigger guilt and risk abandonment [CMLQ9].

Generating positive outcomes through choosing attainable goals within the boundaries
of the individual’s capabilities that lead to immediate or short-term satisfactory expe-
riences has been additionally recommended in the area of building physical exercise
habits [APS97]. It could also be applied to building digital behaviour habits [MRDRI9).

Routines and trigger events Stawarz et al. recommend habit-
building applications to establish new desired habits (in their case, taking medication) as
part of already established habits (e.g., after breakfast or brushing teeth). Timing and
location make the routine more memorable, meaningful and reliable [SCB14].
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Contextual awareness Finding the right timing to deliver the right nudges is es-
sential [PHI9]. The contextual awareness provided through smartphones and smart-
watches could significantly help to determine digital, environmental and internal con-
text [PH19]. However, choosing the right nudge is challenging if various choices
are available. Recommending going for a walk when the individual had already finished
a physical activity a few hours earlier might lead to feelings of frustration and loss of
credibility and consequently increase the risk of abandonment.

Wearable devices could provide additional information to identify context and time
interventions more precisely.

Purohit et al. proposed the following guidelines for nudge design :

Transparency Gold et al. verified that transparent behavioural interventions were
considered more acceptable than opaque ones. A transparent intervention is when the
mechanism that is used to influence behaviour is identifiable, or the mechanism is being

disclosed to participants [GLAO23]

Support Opting-out Receivers of nudges should have the choice to follow or unfollow a
nudge. If reflective or deliberative processes of decision-makers are ignored, their autonomy
is lost ﬂm Ignoring the individual’s independence comes close to executing
paternalism, which also goes against Thaler&Sunstein’s recommendation [T'S0§].

Nudge for good As proposed by Thaler in his criticism of ‘sludge’, using nudges should
ultimately have the best interests of the nudge-receiver in mind [Thal§|]. This extends
Thaler&Sunstein’s definition of nudges, saying that nudge-receivers should not be put

under financial stress by following the nudge [T'SO8] to new dimensions. Miinscher et al.

argue that putting higher than marginal efforts effectively changes the choice architecture
since extensive costs do not justify behaviour change on rational grounds [MVSI16].

2.8.2 Application design

Consolvo et al. have built on the design of Jafarinaimi et al. [JEHZ05] to propose a design
of eight strategies for lifestyle behaviour change technologies [CMLO09):

Abstract & reflective Applications should abstain from presenting raw or explicit
data to help with impression management [Gof16] when presenting in various situations
(social), thus increasing the opportunity for reflection.

The degree of abstraction required depends on the individual’s preferences, at least in
the author’s opinion. However, reviewing raw data to aid transparency should still be an
option.
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Non-obtrusive To collect and present data, making it available without unnecessary
interruptions or calling attention when it’s not required.

In this regard, smartphones and watches provide the best examples of potentially un-
obtrusive technology, as they are commonly available and accompany individuals daily
to the point where people feel naked without their phones. However, the timing and
design of notifications should be considered with great effort, as already discussed with
the timing of nudges.

Public Personal data should be represented to make it possible to share it in a public
space without feeling uncomfortable. There is always the chance of unwanted glances,
especially when technology is used daily and in public.

Aesthetic Display design and accompanying devices are meant to be used throughout
everyday activities over a long time. Consequently, these items must sustain curiosity, be
comfortable if worn, and match the user’s style.

Positive Again (see Section 2.8.1)), positive reinforcements are recommended to support
long-lasting behaviour changes.

Controllable Consolvo et al. recommend allowing manipulation of data to allow data
to reflect behaviour deemed suitable by the user [CML09]. This can become challenging
when behaviour is automatically inferred, as accuracy plays a vital role in sustaining
the application’s credibility to the user. In the author’s opinion, this is closely linked
to transparency, chances of opting out and context awareness discussed above (see
Section 2.8.1)

Trending/Historical Providing access to historical behaviour might make patterns
of singular bad choices more readily apparent. Applications encouraging behaviour
change should offer the possibility to reflect on past behaviour in relation to reaching a
self-defined goal.

Comprehensive Accounting for a range of behaviours and using all available means
technology provides to sense or monitor. Consolvo et al. provide the example of recom-
mending physical activity with their implementation, which only used a pedometer to
track walking activities. Consequently, users get discouraged when riding a bike and do
not receive credit for performing physical activity.

2.9 Going forward

Looking at the history and the current state of digital detox applications to support the
reduction of screen time (see Section 2.4) a few things have become apparent:
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Firstly, a deep integration into the operating systems is required to enforce certain
capabilities to limit from a technical perspective. Given the recent development in
strengthened security in mobile devices’ operating systems, getting access to the means
to control processes often means breaching security measures. Furthermore, strict or
inflexible interventions have led to user frustration in the past and motivated participants
to either find loopholes or abandon the experiment. Most of the tools available, are
confined to the smartphone itself and rarely make use of technology beyond this plane.

Secondly, from a sustainable habit perspective, participants tended to return to old usage
patterns after the intervention experiments. Yet this behaviour has been reported through
catch-up interviews by the participants. Interesting nudging mechanics are available but
their longevity in upholding users’ motivation dwindles over time. Consequently, finding
the balance between hard and soft interventions poses a challenge in overcoming technical
implementation limits and finding the sweet spot between usability and hindrance to
support sustainable habits. This highlights the need for longitudinal studies and long-
living intervention mechanics to keep participants interested and motivated for a longer
duration. The literature does not provide consent on what is a feasible approach to
deliver this to participants on a larger scale. Given the outcomes of the presented studies,
one can assume it highly depends on the individual’s attitude and motivation towards
reducing phone, applications or social media usage when it comes to having a long-term
meaningful impact.

The currently available state in the literature has highlighted the chance for approaches
moving beyond the smartphone and using additional context and interaction potentials
provided by such means.
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CHAPTER

Methods

Having identified the gap in digital detox applications that employ smartwatches in
both the available literature and Google’s and Apple’s app stores, the logical next step
was to design and implement a prototype. A proof of concept intervention design and
application shall help answer research question RQ 1: “How might smartwatches aid
with digital detox activities”?

A preliminary user study was conducted to gather insights into how users perceive
their phone usage and how they manage their screen time (see Section 3.1). With
reference implementations (as presented in Section 2.4) and design recommendations (see
Section 2.8), a possible intervention design is presented in Section 3.2. Sections|3.3 and 3.4
describe technical design considerations for a possible prototype, whereas Sections 3.5
and 3.6 describe Android and WearOS implementations of the proposed prototype
implementation.

To evaluate the prototype, a user study was conducted (as described in Section 3.9),
during which quantitative data was captured to measure the effect of the prototype on
phone usage. An interview was additionally conducted with participants to capture their
personal experiences. To conclude this chapter, Section 3.9.3 describes data processing
for further analysis. The evaluation of results (Section 4), in turn, will then help answer
the remaining research questions (RQ 1.1, RQ 1.2, RQ 1.3, RQ 2 and RQ 3).

3.1 Preliminary interviews

Six Participants (n = 6, f = 4,m = 2, age average=29.8, 0 = 6.96) were asked about
their phone habits, usage awareness, their strategies to limit time spent on the phone,
their experiences with wearables and their willingness to wear a prototype with our
proposed features.
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(a) Standard watch face of the (b) Draft of the proto-
Google Pixel 2 watch'. type “watch face”.

Figure 3.1: Watch face example and early sketch

Most users claim they are aware of their phone usage. Nonetheless, some participants
had sudden realisations during the interview while discussing their daily routines and
were surprised when they saw their usage statistics. However, others are aware of the
monitoring apps but have chosen to either ignore reports or not actively seek out how to
change their behaviour.

Participants have reported having reverted to uninstalling social media applications for a
short duration of time to either focus or try to detox. Others have been putting more
effort into being able to use certain apps by using browser versions instead of native
applications. But eventually re-installed or reverted to the applications. Regarding
wearables, most participants have had experiences using fitness trackers and would test
a prototype application. However, concerns were reported regarding wearing watches
due to feeling restricted by the watch and adding yet another piece of technology to a
digitally overloaded life.

Two participants have described that they would feel helpless without their phones in
terms of handling some of their everyday activities, and this had already interfered with
past digital detox experiences.

Due to the small number of participants, the findings were not conclusive. However,
performing these interviews was useful in building rapport and seeing different perspectives
on phone usage.

3.2 Intervention Design

Based on applications found during the literature review and by reviewing available
reference applications, the following two intervention designs were designed, following
roughly the design of Okeke et al. [OSDEIS].
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Figure 3.2: Early draft of the “alarm nudge”-intervention.

3.2.1 Watch face

Displaying data on the watch’s face is a simple and effective way to provide information
to the watch’s owner without causing much obstruction and distraction (see Figure 3.1a
as an example). Similar applications can be found with almost every watch that is
capable of processing data, whether it’s in the medical (e.g. blood-sugar measurements,
heart-rate monitoring), sports or daily-live (notification or navigation) or entertainment
(games) field.

Watch faces have specific characteristics that make them problematic for showing sensible
information: watches are worn openly and are supposed to be readable with a glance.
However, in the case of non-standard watch interfaces, such as a heavily personalised
watch face, only a knowledgeable viewer can interpret the data.

Thus, following the design goals proposed by Jafarinaimi et al. [JEHZ05] when developing
Breakway (a smart sculpture displayed in a public space motivating breaks when sitting
too long) was a sensible way to approach the design for the watch face (also see Section 2.8):

The watch face serves as near real-time feedback for the user at all times of the day, even
outside of phone interaction, thus hopefully raising usage awareness. Figure 3.1b| shows
an early draft of this intervention.

3.2.2 Alarm nudge

The design was lent from Okeke et al. [OSDE1§|’s implementation. Consequently,
vibration is employed as a feedback nudge on the watch, triggered when a defined limit of
daily screen time is reached. This intervention should require users to lift their attention
from the phone and reflect upon their usage.

The vibration can be dismissed only on the watch; thus, focus on the phone is shortly
drawn away from the phone. If participants continue using a limited application after

LGoogle Pixel 2, https://store.google.com/gb/product /pixel_watch_2-Accessed January
2024
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the daily goal, the nudge will be triggered again.

The vibration is accompanied by a message displayed on the watch, saying:
You have been using “ <application name>" longer than you intended.

The wording was intended to be factual and neutral.

Other than Okeke et al’s limits for Facebook, participants can create and define the
limit for whatever application they feel they should get some distance from [OSDETS].
Figure 3.2 shows very early drafts of the visual feedback of the alarm nudge intervention.

3.3 User interface design considerations

Before and during application development, certain design-related aspects had to be
evaluated and decided on, which shall be presented in the following section.

‘Watch face first

The watch face represents the element with the most constraints imposed upon it, as
recommended by Google’s WearOS design principles?.

e There is limited space available

e The face needs to show relevant information together with showing the time of day
without being cluttered

o Simplicity and readability are key

Hence, since the face can be considered the central point of interaction, it makes sense
to transfer parts of the design to the phone application. This approach aligns very well
with Consolvo’s design recommendation [CML09] as it simultaneously covers ticks for
the proposed abstract, non-obstructive, public and aesthetic themes (see Section 2.8.2)).
An example of how this is achieved in Watchful can be seen in Figures 3.4al and [3.8al.

With the circular shape dominating the initial touch-points of the watch and phone app’s
user interfaces, re-using the round element elsewhere adds further to design consistency
criteria. Hence we see the shape reappear as the time-doughnut (see Figure 3.5¢) or the
alarm-input-slider (see Figure 3.4c).

WearOS design principles, https://developer.android.com/design/ui/wear/quides/
foundations/design-principles-Accessed August 2023
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Figure 3.3: Colour consistency per application across views and devices.

Colour consistency

Colours carry information. In this case, it stands for which application was used
in overviews and visualisations and when or for how long an application was used.
Consequently, colour mappings should never change and must be consistent across all
user interfaces on the phone and watch. This behaviour is achieved by keeping a registry
of all installed (current and passed) applications with a colour code representing the
primary colour of the application’s icon. Figure 3.3 shows examples of different views
available across different devices using the same application and colour mapping schema.

Colour is an additional attribute inside all synchronisation or alarm messages to uphold
consistency across all involved devices.

3.4 Platform selection for phone and watch

Mobile phone operating systems used to be a vibrant and thriving area until just Google’s
Android and Apple’s iOS remained as relevant players on the market (market shares:
Android: ~ 68%, i0S: ~ 30%)°.

APIs to access information about application usage were available on both operating
systems at the time of planning development for this thesis:

e i0S:Screen Time API* available since 10515 (released 2021).

3Mobile Operating System Market Share Worldwide, https://gs.statcounter.com/
os-market-share/mobile/worldwide-Accessed May 2023

*Screen Time API, https://developer.apple.com/documentation/DeviceActivity}l
Accessed May 2023
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o Android: UsageStatsManager? available since Android 5. — ollipop (released 2014).

However, since development experience was already available for Android, the decision
was easy to make in favour of Google’s mobile phone operating system and ecosystem.

Having settled on the phone platform, left the selection of the smartwatch platform with
a few promising options to choose from:

o watchOS: Apple’s watch platform does not support full-feature integration with
Android phones and hence was not further considered a development platform.

e Garmin: Mainly known for sports watches and navigation devices, Garmin provides
API and SDKs.

¢ Suunto provides the SuuntoPlus partner program to which potential developers
need to apply first.

e Tizen: Developed by Samsung and has been integrated gradually into Wear Os
since 2021.

e Wear OS: Google’s Android for wearable devices. Supports easy integration with
native Android applications through a shared code-base and ecosystem.

The idea of using a sports watch without too many smart features as a platform was the
obvious choice to be used as a companion for digital detoxification activities. However, a
proof-of-concept design based on Garmin’s platform failed to deliver the vision of this
work due to limitations with background communication between the phone and watch
to synchronise the latest usage data.

Consequently, switching to Wear OS was considered the logical next step. Therefore
the only available sports model available at the time (spring/summer 2022) was chosen,
which was the Suunto 7 running Wear OS 2.5. Because Google Fit came preinstalled
on this watch model, the selection for the back-end for health-related data and activity
tracking was fixed. With all software components originating from the same source
(Google), integration and inter-play are expected to be well documented and tested.

3.5 Watchful phone application

3.5.1 Technical design

To provide the best possible user and developer experience with the available resources,
Google’s recommendations for modern Android development®| got considered and followed
throughout all components.

5UsageStatsManager, https://developer.android.com/reference/android/app/usage/
UsageStatsManager|-Accessed May 2023

°Modern Android Development, https://developer.android.com/
modern—-android-development-Accessed July 2023
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Figure 3.4: User interface of Watchful

The application is written in Kotlin and follows a single-activity architecture with modular
components for respective features. The user interface is based on Rally, a material
design study by Google’ and is implemented in Jetpack Compose.

For data persistence on the participant’s phone, Room was used as an abstraction
layer over SQLite, the database standard for Android. App and phone usage events,
which got periodically scraped from the Android system’s own StatsManager API, were
inserted into that database and played the backend role for the user interface. However,
since usage data is sourced from both the database and the StatsManager, a unified
representation was introduced based on Kotlin dataframe®, which also allowed simple
statistical calculations and to implement graphical representations against the data
frame as interface. Custom visualisations to plot bar and line graphs were added, and
non-standard input elements like the slider to configure alarm limits (see Figure |3.4c)
were also implemented in Compose.

"Rally Material Design, https://m2.material.io/design/material-studies/rally.htm
and https://github.com/android/compose-samples/tree/main/Rallyl-Accessed July 2023
8Kotlin Dataframe, https://github.com/Kotlin/dataframe-Accessed July 2023
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3.5.2 Data visualisation design and user interface implementation

Several visualisations are available as part of the phone application, which can be
separated by the topic of data they primarily display: usage data or health data.

Usage data

Usage data originates from Android’s UsageStatsManager APIs and is used to populate
various screens.

Daily overview The overview screen is dominated by a doughnut chart that shows the
screen time of applications, and the count of phone unlocks since midnight (Figure [3.5a).
Its design is very similar to the dashboard provided by Digital Wellbeing (see Figure [2.7a).
Below the chart is a list of all applications a user has been using today. This overview
can be used to navigate to the respective app-specific view.

Daily overview over time The doughnut chart offers a second mode which a swipe
gesture can activate (see Figure 3.5b)) It shows a clock-like representation displaying the
past 24 hours with coloured segments that highlight the time of day during which the
application was used. This view makes it easy to spot times of more extended usage.

App specific overview The app-specific view again shows the past 24 hours’ usage
of the selected application’s usage in the clock-like representation (see Figure 3.5¢). In
case alarms had been triggered on that day for the selected app, the events would get
displayed in the clock display (marks in white on the inside of the clock not to cover up
usage segments) and a list of timestamps at the bottom of the page.

Below the clock is a bar chart with the weekly total screen-time usage over the last weeks
(as far back as data has been scraped by Watchful).

Overview of historic data A separate view (the second icon from the left in the
navigation bar) would display the weekly screen time totals as a bar chart, similar to the
historical view for specific applications.

Health data

Health data displayed in the phone application would be queried from Google Fit, which
generally displays the last 24 hours of data.

Heart rate Heart rate is aggregated in 5-minute time-buckets by Google Fit and
displayed as a line graph (see Figure |3.6a; average of that 5-minute time window in dark
red; min and max spreads in bright red) App usage (colourful bars) and sleep data (large
grey block) are also incorporated into the visualisation.
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Figure 3.5: User interface of Watchful
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Figure 3.6: Health data visualisations for the last 24 hours.

Steps data Similarly to the heart-rate data, step data is displayed as a bar chart in
5-minute aggregation, with usage data displayed on a separate axis (see Figure 3.6b)).

Sleep data Sleep activity data is incorporated in the heart rate and step visualisations
as large grey blocks that show bed and wake time (as calculated by Suunto’s employed
metrics). Although sleep cycles are available, they are not displayed in the visualisations
for simplicity reasons and for apparent lack of accuracy (see Section 2.6).
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Figure 3.7: Explanation of the available fields of the Watchful watch face that was
supplied to the participants.

3.6 Watchful watch application

3.6.1 Technical design

Like the phone application, the watch companion app was written in Kotlin and Jetpack
Compose. From an architectural point of view, the app consists of two components
that all contribute to the experience: A backend app providing the communication and
persistence layer, which is based on protocol buffers’. Furthermore, separate activities
were developed to handle the alarm (see Figure 3.8¢) and provide a more detailed overview.
Finally, the watch-face (see Figure 3.8a) implementation extends a WatchFace Service,
which is responsible for displaying the current state stored in the persistence layer. See
Figure 3.7 for an explanation of the provided information on the watch-face.

Nudges on the watch are triggered through the phone application when a limit has been
reached for the first time. In case the participant continues using the app, an alarm gets
triggered after a 10-second threshold period.

9protobuf,https://github.com/protocolbuffers/protobuf-Accessed July 2023,
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Figure 3.8: Watchful’s watch application screens

3.6.2 User interface implementation
Watch face

The watch face would display the top five used applications (by screen time) and a 6"
‘other’ category as a doughnut chart (just as being used in the phone application as the
central element, see Figure 3.4a). On the left side of the time-of-day, the total daily
screen time was displayed (in hours and minutes), and on the right side, the total number
of phone unlocks was displayed. Two complication fields above and below time-of-day
could provide customisation options (see Figure 3.7). They could be used to display
various other data, e.g., date, battery charge, weather data, etc.

In light of the design guidelines by Jafarinaimi et al. [JFHZ05] discussed in Section 3.2.1}
the implementation fulfils them partially.

1. Abstract: We show only aggregated application data and usage totals.
2. Non-intrusive: Watches and their faces are unobtrusive by design.

3. Public: Data is only glance-able only by the informed user as colour mappings are
unique for each user. However, total usage time is problematic but is required.

4. Aesthetic: Customisation options are available through complications and colour-
ing schemes.

The watch application features an activity besides the watch face, which can be used
to see a more detailed data version (see Figure 3.8b) in the form of a list featuring at
most six entries (top 5 applications and an other bucket). Each list entry features the
application name, the daily screen time and a doughnut chart of the total daily screen
time percentage. The alarm view (see Figure [3.8¢c) would be dominated by the colour
of the application that was responsible for triggering the alarm (logo and OK-button
colour).

43



Die approbierte gedruckte Originalversion dieser Diplomarbeit ist an der TU Wien Bibliothek verfligbar

The approved original version of this thesis is available in print at TU Wien Bibliothek.

[ 3ibliothek,
Your knowledge hub

3. METHODS

»
L]
Suunto 7 Smartwatch \ Android Smartphane Services

@ .7 oy .ﬁ. [ P

[raw data] [ o @ [optional] ”
»—@ Google Fit

[sensors] [~ @
@ 3] | -4

k.
A
2

. Suunto Application \ ¢ Wear OS APIs «— g::;th & Activity
= - . .
@ Watchful Application Android System Services «—» Usage Data/Events

('y . — ., Suunto specific Health &
Google Fit Application Activity Data

Figure 3.9: Data flow between all components.

3.7 Watchful’s components communication

Figure [3.9/ shows the data flow between the most relevant components of this prototype
design. The WearOS data layer displayed in the diagram needs some further explanation
as, by default, communication between the phone and wearable devices is handled via
Bluetooth. In case Bluetooth is disabled or not available, communication falls back over
a Google Service via WiFi (or LTE)'.

Application or health data never left the phone or the watch unless participants exported
their usage data to provide researchers with their data sample for further analysis after
completing the study.

Communication with the companion watch application (see Section 3.6)) was taken care
of by the WearOS APIs (e.g. data layer) and used to send the latest daily usage statistics
or trigger nudges (see Figure 3.9).

In order to reduce broadband and traffic and to preserve the battery of the watch and
phone, only necessary update messages were transferred, which means that inactivity on
the phone would result in zero transmissions on the usage state.

3.8 Application distribution and installation instructions

Phone and watch applications were uploaded in Google’s Play Store in a testing state
to make distribution to participants easier. Participants got invited to the tester group

OWearOS data layer, |https://developer.android.com/training/wearables/data/
data-layerfAccessed July 2023
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Figure 3.10: Granting required permissions for Watchful

and were thus able to download and install the dedicated apps on their phones and the
provided smartwatch.

Additional setup steps were part of the onboarding meeting, which involved setting up
the Google Fit and Suunto applications on the watch to be able to get access to heart
rate, steps and sleep data, as well as providing Watchful with the participant’s permission
to read their health data (see Figure 3.10c) and disable battery saving policies for the
app as this would interfere with scheduling background tasks (see Figure 3.10b). The
most crucial step was to grant the app permission to retrieve phone usage statistics (see
Figure 3.10a). The last step needs to be done manually, as starting with Android 13,
permission to access usage statistics has been promoted to special permission status that
can’t be requested programmatically.

Despite being cumbersome during the setup, these steps are required to provide basic
functionality and, in addition, should add to data transparency and governance as they
leave the user in control.
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Figure 3.11: Watchful’s watch alarm in action

3.9 User study

3.9.1 Study Design

Despite the identified need for longitudinal studies in this regard (see Section 2.9)) this
study represents a pilot study to evaluate the proposed prototype design, hence the
relatively short duration of two weeks.

Computer-science students (n = 9(f = 2,m = 7)) were recruited from a pool of bachel-
or course’s participants. The selection criteria were based on their willingness to test
digital detox for themselves and owning an Android smartphone. As compensation,
participating students received bonus points that counted towards their final grade for
a course. Students willing to participate had to read an information sheet and sign a
consent form before partaking in the study.

See Figure for a graphic overview of the user study design.

Smartwatches were provided to the participants during the study, and they were guided
through the setup process as part of the briefing meeting (always scheduled on a Monday).
Instructions for the first week of the study consisted of wearing the watch as much
as possible (also while sleeping) to get used to it and the watch face, just letting the
application observe the current behaviour. At the end of the first week, an email was sent
to the participants as a reminder to start using the nudging functionality (see Figure
for an example) for selected applications during the second part of the study. Along with
the mail came a short survey to catch first impressions and address technical difficulties
and general questions.
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Figure 3.12: User study design

After completing the two weeks of trials, participants were asked to return to the lab to

hand in an export of their data and hardware and be interviewed about their experiences.

Audio recordings of the interview were captured using a handheld recorder.

Due to the limited number of watch devices available, just three participants could
participate in parallel. This approach proved helpful, especially during the first iteration,
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in further streamlining the briefing and setup processes and addressing technical problems.
For example, manufacturer-specific characteristics of some Android distributions needed
to be accounted for so as not to let system processes or unique Ul widgets skew the
usage statistics and derange user experiences. Software patches could be prepared and
distributed to participants promptly through Android’s Play Store to address minor
issues.

In contrast to other studies [OSDETS| [KJKT.19, [PBH20], the usage in the week

before starting the study was considered as the baseline reference to compare the next
two weeks.

3.9.2 Measurement

With access to the participant’s phone usage history, it was possible to extract the
following metrics to determine the participant’s behaviour for the duration of the study
and at least seven days before the start of the study:

o start and end timestamp of applications running in the foreground

o timestamps of phone unlock events

o timestamps and application origin of the alarm

 timestamps, application and nature of alarm-settings changes (creation, deletion or

update of limits)

Thanks to the integration of Google’s Google Fit'!| service into the watch, additional
physical metrics were available to be used in the phone-application visualisations and
post-study analysis:

o heart rate (time series data)

o steps (time series data)

o sleep activities (begin, end & sleep cycle)

3.9.3 Data processing
Data export

Participants were asked to provide us with a dump of their data at the end of the study
through an export feature built into the phone application. The application gathers data
from a local database, and remote Google Fit services write domain-specific CSV files
marked with a UUID on the phone’s internal storage. As a last step, a zip-archive was
created to make sharing with the authors through a channel of the participant’s choice
more convenient.

" Google Fit, https://www.google.com/fit/-Accessed May 2023
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Figure 3.13: Transforming descriptive event data to data points for easier analysis.

Data transformation

An import routine fed the zip-archived files into a dedicated timescaleDB'?, database —
running locally on the author’s notebook — as a unified source for all the study’s data.

Due to timescaleDB providing powerful tools to interact with time series data, event data
describing ongoing user interaction with the application in the foreground got transformed
from a descriptive representation into time-series data points in one-minute resolution.
Figure 3.13| shows the data transformation based on an example event, resulting in six
data points with a duration value that is fractional of the event duration at the given
timestamp of the full minute.

Consequently, preparing data for statistical analysis for arbitrary time-frames and buckets
with optional gap-filling functionality through this transformation was simplified.

Data exploration and visualisation

For an initial exploration of data that was then available in a unified form in a database,
the visualisation tool Grafana'® was used through dashboard with custom view imple-
mentations (see Figures 3.14a and 3.14b)).

Interviews recordings

The recorded interviews were processed using an online transcription service called
soniz.ai"* to create a preliminary transcript that got manually checked for accuracy by

2TimescaleDB https://www.timescale.com/-Accessed May 2023
13Grafana Labs, https://grafana.com/grafana/-Accessed November 2023
Msonix.ai, https://sonix.ai/Accessed August 2023
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(b) Alarm Grafana dashboard

(a) Overall usage Grafana dashboard

Figure 3.14: Grafana dashboards for data exploration.
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CHAPTER

Results

This chapter is dedicated to presenting the results of the study, which are further grouped
into three sections. Section 4.1 describes the impact of the proposed interventions on
the participant’s screen time and other quantitative measurements. Section 4.2 presents
the analysis of physiological data, and last but not least, Section [4.3 tries to summarise
emerging topics from the conducted final interviews. At the beginning of each of these
three sections, a special highlighted box presents the key findings from each segment

group.

Three of the original nine participants’ data were removed due to incomplete and faulty
usage data, leaving five male and one female student (age averaging at 23.5(c = 1.70)). To
understand the impact of the proposed intervention methods for each participant, 21 days’
worth of data were extracted per participant: seven days prior to the study as baseline
reference (label: baseline), seven days as a passive observation phase (label: passive)
and seven days with enabled nudging feature (label: active). For data describing
participants’ physical attributes (e.g., sleep), there is no baseline data available from
the time prior to the start of the study. Hence, interpreting this data regarding the
intervention’s impact on physical data is, unfortunately, beyond the scope of this thesis.

4.1 Impact of the intervention on phone usage

4.1.1 Use of Watchful applications

In order to determine the degree of participant’s adherence to the study scheme a
look at the usage of Watchful application and alarm settings was taken into regard.
Figures 4.1a, 4.1bl |4.1c|, 4.1d, |4.1¢| and |4.1f have been using the phone application of
Watchful at least throughout the study. There is quite a visible usage spike in all six
figures right at the start, introduced by the necessary setup steps during the briefing.
Other than that, participants have been using the app moderately during the first week
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4. RESULTS
f—(Key Findings}
Overall significantly reduced screen time during the first week
(p = 0.03125, e = 0.572; see Section |4.1.2)
Less reduction during the active week (p = 0.15625)
Apps with defined limits saw similar reduction throughout both weeks
(passive: -17% (p = 0.028839, ¢ = 0.3965), active: -6% (p = 0.1489); see
Section 4.1.3)
We can see a shift when participants were using their “problematic”
applications during the day:
— A reduction between 19:00 and 07:00 for both passive and active
phases ( -5%, p = 0.00049, e = 0.33; see Figure 4.9 & Table E.7)
— increased overall usage during the day for the active phase (between
07:00 and 19:00)
Alarms were not as reliable as intended, and the time window for the
daily limits could have been better picked, but:
— The introduction of alarms could explain the continuous reduction in
usage of limited apps between 19:00 and 07:00 o’clock; (see
Sections 4.1.5 & 4.1.6).
Phone unlock events were discarded from the analysis.
of the study. Considering that the intended primary point of interaction was the watch
(passive phase for the first week), these results align with the expectations.
There was visible more usage during the active phase when participants were instructed
to define alarm nudges (see Figures 4.1c| to 4.1f). Participants 4 and 5 (see Figures |4.1d
and 4.1€), on the other hand, did not use the app during the second phase regularly,
which might be due to Participant 4 not using the nudge feature entirely. Participant 5
configured limits at the end of the first week and stuck with them until the end of the
study.
Figures |4.1d to 4.1¢| follow the same schema.
¢ solid line in colour: daily cumulative sum over five-minute buckets of application
usage
o vertical lines in grey: to distinguish between phases
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Figure 4.1: Use of Watchful

o dotted lines: weekly averages for phase:

— baseline: blue
— passive: orange

— active: green

4.1.2 Analysis of weekly usage data

Figure 4.2b| shows all participants’ weekly overall phone usage per day of the week. We
can see numerous outliers and widely spaced data points thanks to the high usage variance
between participants. This can be mainly attributed to the different usage behaviours
observed among participants and the relatively short study duration.

A Shapiro-Wilkes test confirmed normality (p = 0.6083). However, to test for significant
changes between baseline and passive/active intervention phases, a modified Wilcoxon
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Figure 4.2: Usage data group analysis

signed-rank test (a non-parametric paired test) was used due to the small sample size.
Relative differences (see Equation |4.2)) were calculated in favour of absolute differences
(see Equation 4.1). The approach via relative differences was chosen to dampen the effect
of large absolute values of highly active participants compared to changes observed with
users with minor or moderate total usage.

Absolute difference : D, = X;1 — —X; 2 (4.1)

Relative difference : D, = =01 262 (4.2)
Xxi,Q

Effect sizes for significant results were calculated using Cohen’s d estimate (see Equa-
tion 4.3)).

T — —2

d=——"=_
(s7+53)/2

(4.3)

As shown in Figures 4.2a and 4.2b), daily total phone usage is highly individual and
dramatically varies from participant to participant. However, we can observe a reduction
between average baseline usage (4.59h) to passive (3.37h) and active (3.90h), respectively.

When comparing relative participant-wise changes between baseline and passive and
active phases, respectively (see Figure |4.3b), we can observe that participants managed
to reduce their overall phone usage by 21.21% on average (median 18.35%). A Wilcoxon
signed-rank test on the relative changes between baseline and passive phases yields
p = 0.03125. Thus, we can assume they are significant with middle effect size e = 0.572.

However, during the second week of the study, this reduction yield decreased by an
average of 12.92% (median -19.436Still, due to the higher variation (see Figure |4.3b), the
result is not significant (p = 0.15625).
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Figure 4.3: Weekly overall usage box-plots
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Figure 4.4: box-plots for weekly overall usage for applications with specified limits (kept
until the end of the study).

4.1.3 Analysis of the impact of alarm on the weekly usage of
applications

Participants defined alarms for just a handful of applications and kept them until the
end of the study. Four out of six participants configured limits for Instagram, Chrome,
Youtube/ Youtube Vanced were selected by two participants each. Only one study attendee
selected the application Lowvoo as a target for alarms.

To determine the impact of the implemented nudge interventions, the weekly total usage
duration of applications with a limit configured by participants during the ‘active’ phase
of the study were selected as “nudged applications”.

Figures and show box-plots of weekly screen time differences, respectively.

There is a significant (p = 0.0288, e = 0.396) reduction overall between the baseline and
passive phase (average -17.03%, median -15.95%).

Comparing the baseline with the active phases, changes in weekly duration were more
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Figure 4.5: box-plots for the weekly count of used applications.

noticeable (average = —6.67 %, median = —12.00 %). However, this change cannot be
seen as significant (p = 0.1478), presumably thanks to the outliers.

4.1.4 Used applications per week

The number of used applications per participant per phase, in turn, increased slightly
during the first and second weeks compared to the baseline (see Figure 4.5a)).

4.1.5 Screen time over the day

Since screen time data was available for all three phases (each lasting seven days),
examining how usage is distributed over the day per phase became interesting. Figure 4.6
shows visualisations of respective hourly screen time averages overall study participants
per phase. The graphs in colour represent the respective dataset with zero values removed.
In contrast, the one in grey shows the complete data to add the contribution of changes
introduced by not using the device (i.e. no screen-time measurements). In comparison
to this, Figure 4.7 shows daily and nightly splits, whereas night is defined as the period
between 19:00 and 7:00 and datly and vice versa.

Mean hourly screen time changed (greyin Figure 4.6) from 10.92 minutes baseline to 8.39
minutes (p = 0.00002,e = 0.51) to 9.74 minutes respectively during the active phase.
Whereas when looking at the cleaned set (blue, orange and green in Figure 4.6), more
significant changes can be seen between baseline (16.51m minutes) and passive (12.93
minutes,p = 0.00326, e = 0.27) and active (14.96 minutes) phases respectively.

When comparing nightly and daily activities, as seen in Figure 4.7, again, for the complete
dataset (grey) we can see a reduction from baseline (10.90 minutes) to passive (7.88m
minutes, p = 0.00073,e = 0.47) and active (8.70 minutes,p = 0.00073e = 0.32) phases.
Daily activities, however, changed less favourably: from baseline (10.94 minutes) to
passive (8.90 minutes,p = 0.00049, e = 0.69) and active (back to 10.79 minutes).

The cleaned dataset behaves similarly: From 16.51 minutes (baseline) to 12.93 min-
utes (passive, p = 0.00326,e = 0.27) and 14.96 minutes (active); Nightly split: from
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Figure 4.6: average screen time usage per hour per study phase (95% confidence interval
of null-value cleaned in colour, complete dataset in grey)
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Figure 4.7: average screen time usage per hour per study phase in daily and nightly splits
(95% confidence interval of null-value cleaned in colour, complete dataset in grey)
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18.8 minutes (baseline) to 11.22 minutes (passive) and 16.45 minutes (active, p =
0.00171,e = 0.39); Daily split: from 14.72 minutes (baseline) to 15.60 minutes (passive,
p = 0.00024, e = 1.45) and 13.94 minutes (active);

Consequently, it seems the study impacted nightly usage behaviour slightly more than
during the day. See Tables E.1 and E.3| for additional details.

4.1.6 Ratio of limited application screen time to total screen time over
the day

Another perspective on usage behaviour can be provided by comparing the hourly ratio
of screen time caused by applications with defined limits to total hourly screen time.
Looking at these relative values, rather than absolute screen time in this case, might help
to make individual behaviour more comparable. Figure [4.8 shows the hourly average of
screen time of limited apps to the total screen time ratio per study phase. Again, the
grey graphs represent complete data; daily averages moved from 26.51% (baseline) to
23.83% (passive) and 26.17% (active), respectively. Which, in turn, matches the results
seen in Section [4.1.2. In comparison to this, there are only very subtle variations in the
cleaned hourly dataset: 57.35% (baseline) to 56.95% (passive) and 56.53% (active).

Analysing the daily and nightly splits, however, reveals a more significant reduction:
During the night for the complete dataset: from 26.49% (baseline) to 21.84% (passive,p =
0.00049,e = 0.33) and 21.98% (active, p = 0.00049,¢ = 0.33). For the daily split,
we can observe different behaviour: From 26.53% (baseline) to 25.83% (passive) and
again increasing to 30.38% (active). This pattern is repeated in the cleaned data set:
nightly split averages range from 61.77% (baseline) to 61.85% (passive) and 61.85%
(active,p = 0.00464, e = 0.52); Daily split shows again less changes: 53.51% (baseline),
53.35% (passive) and again an increase to 56.09% (active).

Consult Tables |[E.7 and |[E.9 for more details in this matter. The significance level is very
much debatable, of course, thanks to the relatively small study population.
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Figure 4.8: average screen time usage per hour per study phase (95% confidence interval
of null-value cleaned in colour, complete dataset in grey)
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Figure 4.9: average screen time usage per hour per study phase in daily and nightly splits
(95% confidence interval of null-value cleaned in colour, complete dataset in grey)
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4.2 Observations on health data

f—(Key Findings} \

o Physiological sensor data (heart rate & steps) was too sparse for more
comprehensive analysis and have been dropped.

e The need for redundant data recording modalities becomes apparent.

e Sleep data showed consistent late bedtime behaviour throughout the
study population (university students in their 20ies).

o Alarm time window could be better aligned using sleep/wake cycle data;
see Section 4.2.2l

o With dense usage data or recurring usage patterns, sleep activities could
be estimated.

4.2.1 Health data

Thanks to various sensors built into the watch and integration of Google Fit, the collection
of heart rate, step and sleep-cycles data was available to be used in combination with
application usage data harvested from Android’s system APIs inside the Watchful phone
application. As part of our Watchful application, health data was used for the purpose
of informing the application’s users about the interplay between some of their physical
characteristics and digital habits. The health data integration received mixed feedback,
which will be discussed in Section 4.3.2, and additionally, due to irregularly continuous
data with wide stretches of missing data points, the analysis of the available health data
sets will focus solely on sleep cycle/bed-time data.

4.2.2 Sleep Data

Sleep data provided by Google Fit is represented in a session data type, which represents
a time interval of activity, optionally supplied with the sleep stage: Awake, out-of-bed,
sleep, light sleep, deep sleep and REM As shown by Svenson et al. ﬂm, wearable
sleep trackers lack accuracy when detecting sleep phases and are to be viewed cautiously,
but sleep trackers might still provide good results for overall sleep time. The study was
done with a different watch model so some limitations might apply. Likewise, multi-modal
appraches as proposed by Massar et al. who use sleep tracking data from
wearables, tappigraphy data from smartphones and survey based data, have shown that
each modality can provide redundant and complementary information regarding sleep
behavior.
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Figure 4.10: Exemplary plot of combined usage and sleep data

Sleep-tracking data will be explained with the plot visible in figure 4.10, which will
display the data of one night as an example. The x-axis represents time, and y the
sleep cycle (with W is Awake, R stands for REM, Ny and N3 for light and deep sleep,
respectively). Sleep activities are represented by the black solid line, dotted red vertical
lines stand for 10:00pm and 7:00am as reference times, and smart-phone usages with
grey and app-specific colouring. In this example, the participant has been using TikTok
right before falling asleep around midnight. The applications highlighted in the plots are
those for which the participants had configured alarms for.

Figures |4.11] to |4.16| show all sleep and usage data plots for all participants for the
duration of the study. It’s quite obvious that sleep and phone usage have a negative
correlation, which is expected. However, since 36.9 % of plots are missing sleep data, only
speculations are possible. Still, rough estimations of sleep activities can be easily done
by looking for large enough gaps between usage data points, depending on the density of
usage data points.
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Figure 4.15: Participant 5’ sleep: Chrome: orange
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Figure 4.16: Participant 6’ sleep: Instagram: violet; Amazon Prime:blue; Youtubpink
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4.3. Observations from survey and interview data

4.3 Observations from survey and interview data

—(Key Findings] .

o Participants liked the watch interface, but wearing the watch felt
obstructive to some; see Section [4.3.3.

o Participants voiced positive overall feedback despite being annoyed by
alarm vibration; see Section [4.3.6.

o Participants claimed the watch might have reduced interaction with their
phones by reading notifications on the watch instead; see Section [4.3.4.

o Participants were not convinced about having health & usage data
combined but liked the watch’s sleep-tracking features (see Sections 4.3.7
& 4.3.8)

e Alarms should be further improved in terms of transparency and
accountability; see Section 4.3.9.

o Participants felt left alone in the process and wished for more guidance
and appraisal; see Section |4.3.9.

4.3.1 Survey

Participants were asked to fill out the survey at the end of the first week of the study to
capture initial experiences and address technical issues in the early stage of the study.

See Tables |A.1, |A.2 and |A.3| in the appendix for more information about the nature of
the questions.

However, due to the low number of participants (n = 6), no statistical significance can
be expressed with the collected responses (see Figures |A.1a to |A.1i in the appendix).

For some of the questions, trends are imaginable towards one or the other end of the
spectrum of experiences. However, with better qualitative data made available from the
recorded interviews, the feedback and opinions presented in the next section are based
on those.

4.3.2 User interviews

The interviews followed a semi-structured approach to encourage participants to reveal
their personal experiences during the two weeks of the study. Although the prepared

“Youtube Vanced
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interview guideline (see Section B/ in the appendix) focuses on the prototype’s available
features, participants added their own ideas and hypotheses from their ventures.

Thematic analysis was used to grasp common patterns and themes from the available
body of recordings. A Miro % dashboard was used by me to collect and cluster common
themes, which will be presented in the next section.

4.3.3 Wearing the watch

Participants described how wearing the watch reminded them of why they got it in the
first place (the study’s general topic of digital detox). Two coping strategies with this
reminder were identified: first, we can observe a degree of habituation and falling back
into old usage patterns, as this participant describes it: [ .../ Maybe just like being
shown how much you use your phone on a daily basis, which the watch facilitates— you’re
consciously thinking about it. But after a while, it just gets thrown into your subconscious
again. So you don’t really think about it [=your usage] [any longer].

The second strategy is adherence, as described by one other participant, who was bothered
so much by the watch throughout the study that it stuck with him for a longer period: [
used my phone a lot more before that.[...] I wasn’t used to wearing a watch. And so it
was kind of like you have something that always reminds you why you’re wearing this
Jwatch] [ ...] I don’t really like the watch, as my wrists are too small for the watch.
That’s the first one. And the second one is it’s not really my kind of style.

Wearing the watch throughout the day and night was the one thing participants mostly
complained about. One participant couldn’t sleep while wearing the watch, and others felt
uncomfortable or experienced the watch had run out of power in the morning: Sometimes
it’s a bit uncomfortable to wear a watch during sleep

4.3.4 “Handsfree notification access”

Modern phones can be used for many tasks, from communication to taking pictures
or consuming various content. A wristwatch, on the other hand, serves the most basic
purpose of providing easy access to information about the time of day. Something that
mobile phones have been used for more prevalent in recent years — one participant
reported that out of habit, they used their phone to check the time, despite wearing
the watch. One participant described having the watch stopped them from getting
side-tracked with other things on their phone when handling notifications there: It helps
to get notifications on the watch to determine their importance without actually touching
the phone. Because when I lay my hand on my phone to check a notification, it’s never
just checking the notification. I spend five, ten minutes there — these little detours sum
up over the day. [translated analogously from German).

Another participant described their experience in the following way: I would say that
people tend to unlock their phone less if they have a watch just because you get notifications

*Miro, https://miro.com/|-Accessed January 2024
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and you can check the time using the watch. Like I think most people they use, they’re —
even if they just want to check the time or they’re bored, they will look at their phone and
then say, Oh, I got a new notification. Then they unlock it. So, especially with certain
apps that like get push notifications, they give push notifications, so you do engage. So
yeah, I think the watch can curb that if that’s what you want to do.

Almost all recent smartwatches offer features to relay notifications from the phone to
wearers. Since notifications tend to trigger interaction with the phone as they either
signal users they need to react to something urgent or they carry information, which can
develop some highly annoying character, as one of the interviewed participants put it:

I limited my notifications to the watch just because it gets annoying, especially if you’re
in huge group chats or something. It vibrates all the time, which is really off-putting. [
... ] But you can customise it [=the notifications]. So that’s fine Or: Sometimes, when
I look at my phone because of a notification, I end up scrolling through Instagram or
reading emails. That’s so unnecessary.[translated analogously from German/

4.3.5 Raising usage awareness through monitoring

Some participants reported being surprised at how much time they spent on the phone,
with certain apps, or how many times they unlocked their phones over the day: And what
was more a statistic that made me see how many times I used to unlock my phone, which
I didn’t expect it at all. It was like 100 times or more. And that’s a problem at least in
my eyes. And yeah, I think the app does a good job in displaying all the statistics really
well. It’s good to see, at the end of the day, how much time I've spent on apps. Honestly,
I was surprised at how many hours go into certain applications. [translated analogously
from German]

Other participants either already had a decent understanding of their usage or weren’t
that much concerned about it. However, they speculated about how making users more
aware of their screen time might help them to reduce it.

I didn’t really use the app all that much, but I thought the watch face was pretty useful
because even just taking a glance to look at the time, you see how much screen time you
had on the day. And you can try and correct a little bit if you figured it was too much.
So I already knew my pattern, kind of. And that’s why I also don’t check it regqularly.
But I think it can be helpful for people that use the phone more often than me and also
excessively to see when they use the phone during the day and when they actually can
minimize it or even [turn off] the phone. Because it’s just an accessory.

One of the reasons why participants tried to stick to their motivation towards limiting
their phone or app time was described as they felt being judged by monitoring applications
and didn’t want to put up a negative record in any way: it’s because you see how much
you use your phone and then this generates a bit of guilt. You don’t tend to use it that
much anymore. I think in my case at least. Or, as another participant put it: It’s
just like it’s watching me [...] I don’t want to put up a high score or something. So
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I just use my phone extremely little. I don’t know wh ... Normally I use it for 2 to 4
hours, something like that. And it’s just. I don’t know. I think it was like kind of a new
environment when wearing this watch. And in combination with the application and the
alarm, which was annoying — to say it in kind words — This really helped to lower my
phone usage.

However, although there is some negative smack regarding them being tracked, partic-
ipants were able to take some useful insights away from the experiment and even left
positive notes:

It’s always nice because you can keep track. It’s like working out, and you have a journal
you can always see.

I used to look at my phone usage, but not every app — analyzing each app — how much
I was using it. But with these two weeks, I think it got more and more clear to me.

I think this overall monitoring already reduced my phone usage in the first week because I
was more aware of my usage patterns. And this — so the limitation that I could set for
myself reduced it further.

4.3.6 Alarms

The usage limit nudges received equally the most love and hate from participants. Even
though alarms weren’t triggered as often as they probably could have if configured
properly, there is general acceptance of the fact that alarms need to be annoying and
disturbing in order to work: [ think they get the job done because they’re extremely
annoying, which is probably their purpose.

Another participant described how the recurring alarms after reaching the limit triggered
a feeling of having done something bad, which stopped further usage: The feature I liked
the most and least is the same: The alarm. It was ... The first time I heard it, it was so
annoying I wanted to throw the watch away.[ ...] When I opened chrome again after
that, the alarm went off again.[...] That deterred me because I don’t want an alarm going
off every time. Like, I don’t know, I feel like I've escaped jail or something else. Others
voiced similar experiences: Most useful was the vibration on the watch when I overused
too much. Because it was really, you know, it made me kind of angry with the watch.
But that was the point. [...] every time it vibrated, I didn’t want it to repeat, so I didn’t
even use the app at all. So I just forgot about it. Yeah. So I think that’s a good sign.
[The alarms] really helped me, because I think it’s not a good habit to use Instagram for
two or three hours per day, for example. By setting an alarm I get reminded that it’s
enough for the day. [translated analogously from German]

It’s quite useful but sometimes annoying. Yeah. [...] I think it’s a great idea.

Ultimately, the nudge’s usefulness seems to outweigh the level of annoyance that the
feature presents in order to reduce bad habits. The most noteworthy limitation of the
alarm feature is that due to the short study duration, only short-time effects can be
observed.
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4.3.7 Simple interfaces and unobstructed user experience

Participants found positive words for the prototype’s user interface and the general design
of the companion watch app. Providing quick and unobstructed access to information
through the watch and, if necessary, further details by accessing the phone application
following consistent user interface design was received with kind feedback.

1 didn’t really use the app all that much, but I thought the watch face was pretty useful
because even just taking a glance to look at the time, you see how much screen time you
had on the day. And you can try and correct a little bit if you figured it was too much.

So this [the watchface] was quite nice just because it was more convenient than to open
it on the phone and look it up. Uh, the only thing I didn’t really use in the app was
aggregating the data for weekly a overview.

1 think it is pretty clear, especially with the colours and the dial. it gives you a sense of
all of you like, okay, I'm using this much of this app, and I should be using it less.

The overview is ok because I can see which application has which colour. On the watch
face, I sometimes forget the colour scheme of my most used apps. Otherwise, it’s good.
[translated analogously from German/

It’s an easy way to look [at] the usage instead of going to the [system] settings I think
that when I wanted, like, more detailed data, then I use the phone app, but when I just
wanted to look at my ‘minutes’, then I would actually rather use the watch because it’s
closer in reach — it’s easier to read a little bit.

4.3.8 Raising health awareness

Health-related features provided through the watch’s preinstalled software or Watchful
received mixed feedback. This ranges from disinterest to high motivation to watching
health signals change over time or through activities.

For example, this participant saw no usefulness in the health sensor data:
Sometimes I would go: Oh, that’s my heart rate? Cool [ironic tone].

Others described keen interest and even interpreted the data to improve their well-being
further.

1 like, for example, that I could see how my heart rate changed during the usage of an app.
So I could see the excitement that caused the item — the appeal of the app to use it, for
example. And I also like that I could see my overall health a bit better. So I like to know
when I'm stressed or how I could sleep, for example. [...] I think that I’ve improved my
sleep a bit using this app or the watch overall.

I think — the most used features where the heart rate sensor and the sleep tracker [on
the watch trough the Suunto app]. Because it was like, okay. And now we have a goal to
live up to.
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Some criticism about the provided sleep score (calculated by Suunto) quality was voiced
by participants, which was also briefly discussed in a different context in Section |4.2.1.

So heart rate and sleep data and so on were quite interesting. Especially the sleep data —
it always said that I had a bad sleep, which I do not always agree [with]. But it’s kind of
good to see how my sleep rhythm is visualised.

On a side note, participants refer to both health apps available on the watch (Suunto
and Google Fit) and the Watchful app on the phone. Which makes the distinction
altogether impossible to which degree the prototype app implementation has impacted
health awareness.

4.3.9 What’s missing according to participants?

Participants described some additions to existing features or new ones that they felt
would improve the user experience or further help reduce screen time.

Making the internal state of limits more transparent

The first group of issues describes participants’ need to understand better how far away
they are from reaching their set limits. Some propose using notifications for this purpose;
others would also like to see this integrated into the user interface (the watch face and
the phone app).

Like, if you set up a threshold for an app. I don’t know if you could, like, maybe colour
code how far away you are from that threshold.

Like, I want to use the phone for 8 hours a day, and that’s it and maybe you just get
every hour [a] notification: You’ve used it for one hour — for 2 hours — as it gets closer
to the 3 hours [limit].

Maybe reminders or something like that, that if you set the alarm to be half an hour or
so. That you can set, also reminders to give you a notification that you have already
spent — I don’t know — 0 minutes using that.

Both feature recommendations are certainly justified and should be incorporated into
future development activities, given that an appropriate design can be found for the
watch face implementation.

For the participants less convinced about interacting and using a watch, one partici-
pant described integrating a widget into the phone, providing similarly easy access to
information about daily screen time.

Maybe you could, um, when you like, when you have an app open and if you, like, pull
down the hot bar, you could have, like, a permanent notification. So where it says, like,
okay, you have spent 20 minutes in this app. If you wanted to check while being in the

app.
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The described functionality matches features already implemented in Digital Wellbeing
and MyTime [HHKK16] and provide some useful addition or fallback to the prototype
implementation.

Snoozing alarms and using ‘incognito mode’

The only way for participants to continue using applications with configured limits after
reaching the maximum allowed threshold (90 minutes) is to delete the limit. Otherwise,
the alarm will be triggered on the watch continuously every 10 to 15 seconds. Which had
the prior not anticipated effect that limits were not being re-created in a timely manner
afterwards. In some cases, it took a few days. See Figures 5.2/ for an example of this
described behaviour.

One participant describes the strategy to deal with the situation of prolonging the alarm
limits in their case, while others have resolved to delete the alarm entirely instead, as we
can see from the phone app metrics.

But there was even times, like when I needed to use the app, so I just made the [allowed]
usage a bit longer. [ ...] Maybe like a 10-minute extra time for an app, and that’s it.

Another participant described the idea of being able to add a timeout or a timed
exception function, which would solve the need to change the limit’s value to keep using
an application for a little more time.

Maybe there could be a way to dismiss the next 15 minutes of YouTube from counting
towards the alarm limit because I'm just listening to music while showering. [translated
analogously from German]/

This and another comment by the same participant highlight how possible users might feel
misunderstood by the alarm logic and how it assesses screen time. There are situations
where the alarms are unnecessary; for example: for cooking, I'm using Google to look up
recipes. From those 15 tracked minutes, I really used the phone for one minute, and then
the alarm got off nonetheless. [translated analogously from German]

The participant expresses the need to understand the justification for a raised alarm, which
was apparently triggered by one of the participant’s ‘wrongdoings’. If the participant finds
the ruling unjustified or simply wrong, adherence to and acceptance of the intervention
might suffer in the long run.

Guidance and appraisal

Participants voiced the desire to have more guidance on reducing screen time. One
suggestion was to recommend pre-defined alarms for the most used applications over the
last week.

You could do something like where you see the — where you put in pre-configured alarms
for the most used apps of that person. So the first week, you analyse usage using the
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watch, and the second [week], you say, “Okay, these are your top three apps. Would you
like to set up an alarm for these apps”?

This approach could be reused in consecutive weeks to build iterative adaptations to the
alarm set, further limiting the risk of defining alarm limits that do not represent the
recently observed usage behaviour.

One other suggestion was to recommend alternatives to spending time on the phone or
in apps via notification or alarm text on the watch:

Maybe if you are active for a long time on the phone, you get a notification or reminder
that you should maybe turn off the phone and take a walk or something like that. Yeah,
that would be nice.

One final appeal left by a participant was that they felt long-term goals and appraisal
for doing better over time were missing and might add some motivation to reduce screen
time further.

Something like an app-specific graph. Like, if you want to use, for example, Facebook a
bit less than it would be useful if the app had some summary of only the usage of, for
example, Facebook. And then you could set some goals for the week or so maybe or get
some notifications that you did better this week and use it less or something like that.
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CHAPTER

Discussion

Where Chapter |4 presents an overview and highlights the results from the user study,
this upcoming chapter tries to discuss these results in light of comparable studies found
in the literature (see Section 2.4) and the proposed research questions from Section |1.3.
The chapter starts with discussing factors that might have supported the goal of reducing
phone screen time, followed by factors and observations that could have mitigated the
same.

5.1 Factors supporting a reduction of screen time

Reducing phone and specific application screen time was successful for some participants.
Throughout the study, several factors that have contributed in a short-term manner to
the observed results are collected in this section:

5.1.1 Increased awareness

Participants indicated that participating in the study raised their sensitivity towards
when or how much time they spent with specific applications. The prototype application
and the watch provided simple and unobstructed access to usage statistics, allowing
participants to make informed decisions by monitoring their smartphone usage.

5.1.2 Novelty effect of the watch

Wearing a smartwatch or watch was unaccustomed to some participants and thus served
as a reminder of why they had been provided with the device in the first place.

Although the feeling usually declined over time and was expected to occur, in some cases,
the effect on usage reduction might have been stronger than anticipated, especially for
participants who felt obstructed by the size and weight of the watch.
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5.1.3 Setting realistic limits and study schema adherence

We have seen examples of nudged applications that were configured with limits close to
or below past weeks’ average daily usage (for instance, see Figures D.la, |D.1b and D.3a).
Here, the alarm successfully mitigated the use of specific applications beyond the intended
limit, thus supposedly helping to reduce the average daily screen time for selected
applications.

Due to the similarity of the alarm design to Okeke et al. [OSDEILS], it can be expected
that the alarm in the proposed design does not support the building of sustainable
long-term habits. It is possible that, when observed for a longer duration, the forceful
alarm intervention could lead to abandonment, just like Okeke et al. [OSDETS].

5.1.4 Fear of consequences

In multiple cases, participants almost unanimously described alarms as incredibly an-
noying and too forceful. Besides respecting alarms and the reached self-set limit they
represent, one participant described the first occurrence as so perturbing that avoiding the
alarm signals entirely became a goal for the remaining part of the study (see Figure D.5).

Admittedly, this was not the intended effect of the alarm nudges. Yet, the observed
behaviour is still insightful and should make developers and researchers even more
considerate about nudge design — see “nudge for good” [Thal8]. Guidelines and rec-
ommendations found in the literature and published reference implementations (see
Sections 2.4 and 2.8) could have mitigated this design flaw for this prototype to some
degree.

This effect is likely to be short-term and probably lead to abandonment, similar to
what Okeke et al. reported about the long-term sustainability of their proposed interven-

tion [OSDE1S].

5.1.5 Inherent smartwatch features

The watch and its available features might have reduced the need to interact with the
phone occasionally. With a watch as a provider of time information and passed-through
notifications, using the smartwatch might reduce the risk of ‘wandering oft’ since occasions
to interact with a phone become less necessary. Oulasvirta et al. reported that phone-
checking habits could be a gateway to other applications and consequently extended

screen-time [ORMRI2].

Yet the attention cost of receiving a notification on the watch might still be similar to one
popping up on the phone [SMY15, MPV 16, MBL™17], so careful consideration should
go into selecting applications capable of pushing notifications to the watch.
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5.1.6 External factors

External factors or situations beyond the user’s control might influence screen time
reduction beneficially, such as having less free time and being in social company. Examples
are periods of increased workloads for university and work, simply time spent with
socialising or sporting activities in the real world. Travel might also offer an occasion to
evade everyday usage patterns or move to different times during the day.

Since all participants are computer science students and parts of the study fell into the
last week of the semester, traditionally filled with examinations, tests and end-of-semester
festivities, we can expect phone usage behaviour to be impacted by this to an unknown
degree. Although none of the participants reported anything "out of the ordinary" during
the debriefing interview, they might have deemed factors not mention-worthy or slipped
the participants’ minds entirely.

5.2 Factors mitigating a reduction in screen time

Like the last section, this one summarises observed factors that might have mitigated
the successful reduction of screen time on phones or specific applications.

Effects and motivation wear off

Undoing learned habits takes time and patience, three months and upwards, to become
sustainable [LVJPWI(]. Facing slips into old behaviour and reflecting is part of this
journey, as it is hard to maintain motivation and discipline over time, especially when
practising moderation and self-regulation.

Consequently, one can only expect a short-term effect from two weeks of interventions.
If any, at all. Relapses and fluctuations in application usage are widespread, especially
when starting with changes in phone habits. On average, the reduction in overall usage
was more significant during the first week of the study (see Figures 4.3a and 4.3b) in
comparison to the second week despite the introduction of a new intervention, which
could be already interpreted as the commitment to stick to detox undertakings is wearing
thin. As we have seen with Participant 2, who disabled Bluetooth during the second week
of the study, effectively killing alarm and watch-face data updates, usage has increased
again.

Another aspect of this study is that wearing our prototype watch can be a nuisance, as
some participants mentioned in their final interview. Thus, the watch plays the role of a
constant reminder. However, this novelty effect also wears off with time while getting
accustomed to the watch. Consequently, a relapse into no longer desired behaviour
becomes probably more likely. Other studies have found similar doubts on the long-term

sustainability of their proposed digital-detox interventions [HHKK16, (OSDE1S| [KJKIL19,
MRDRI9).
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Furthermore, as most recently described by Parry et al. investigating the use of digital
detox: “A majority of those who do use digital well-being applications can be described as
passive-occasional users for whom objective information about their phone use patterns
is exciting but does not serve to initiate efforts to change behaviour” [PIM™2

Adherence to the study schema

During the study’s second phase, participants were instructed to define screen time limits
for applications they deemed troublesome. One participant did not define any limits for
the active phase, whereas others had restricted their application time already during the
passive stage. In the first case, we observed a reduced overall phone screen time, but
there was little change in the most used applications. The latter case could have skewed
results in favour of the passive week as impacts on reduced usage have been attributed
to the passive factors.

With the current implementation of the prototype, disabling alarm functionality until
the beginning of the second week was not intended. In retrospect, however, this would
have avoided the observed issues.

Choice architecture and alarm design

By definition, nudges should offer options without prohibiting choices [T'S08]. The
implemented alarm nudge offers the choice to stop using an app, dismiss it, or ignore it
entirely. In the two later cases, the participant’s choice will get ‘punished’ either through
a newly triggered alarm shortly after or a never-ending ongoing alarm. Participants
called that rightfully too forceful and questioned the design.

Ultimately, negative reinforcement has not been recommended to support behaviour
change and healthy habit formation . We can see the effect indirectly
by participants moving to the uppermost available limit setting to evade the alarm.

User-defined alarm limits

Some participants defined limits that were above their average usage and would only serve
as an ultimate keeper to mitigate binged usage, thus being ineffective in lowering screen
time in the long run. Limits could have been set to more fitting values automatically,
taking past weeks’ average usage into account as a reference to take effect in reducing
usage. Otherwise, the detox application should support the participant in becoming
more aware of limits that meet the participant’s past usage to make change easier.
However, we can assume that the first week of the study did not raise usage awareness
in a way that motivated participants to determine limits that represented their daily
application usage, which aligns with the observations of Parry . The participants’
personal commitment to undergo digital detox was not part of the selection criteria during
participant recruitment. The sole interest in digital detoxification interventions and the
ownership of an Android device made it easy to approach and recruit from a student
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pool. However, as already discussed by Parry, for the majority of users, information
on phone use patterns is interesting but does not serve to initiate efforts to change

behaviour [PIM*23].

Additionally, we can see that in some cases, alarm settings got altered and increased when
limits caused too much annoyance and, in turn, were rarely decreased again afterwards.
Letting participants define their own limits and allow them to edit limits at any given
time might have diminished the efficacy of the alarm feature itself. Still, it provides
some insights into managing self-targeted restrictions. Other studies, which handled
this regard differently by setting a hard limit based on past usage SMWM?22],
might have made it easier to establish the efficacy of their intervention methods. However,
inconvenient or too strict restrictions might lead to intervention abandonment despite

having the best for the participant in mind [KJKL19, HHKKI6].

Lyngs et al. found in their review that the expectancy component (how likely the user
thinks she will reach their goal) was less frequently implemented and was highlighted as
an under-explored area ﬂm Villalobos et al. evaluated digital change behaviour
applications in the eyes of self-determination theory and found that only 25% of the
sample provided support for all the basic psychological needs. Features like reminders
and self-defined goal settings support a user’s basic need for autonomy, whereas externally
given goals could undermine that [VZC20)].

Finding the balance between self-defined and suggested goals could be solved through
user-tailored interventions.

“Daily” time window assumptions

The available sleep data (see Section 4.2.1, Figures 4.14 to 4.13)) suggest that the majority
of participants indulge in bedtimes well after midnight. With the current prototype’s
implemented definition of the daily time window, spanning from 00:00:00 to 23.59:59,
this might have introduced edge cases regarding app-usage calculations. Resetting the
daily total app-screen time to zero at midnight allowed continuous use of applications
without triggering the alarm.

This assumption might not have reduced the total effectiveness of the alarm nudges
since the usage was still tracked, but it might have mitigated alarms when they would
have been valuable and well-timed. In a way, this aligns with the findings of Kim et
al. that users would wait for the lockout to reset at midnight and continue
using their apps.

Especially when it is considered essential to limit screen usage in the hours before going
to sleep (see Section 3.6 for the average bedtime) The usage of the applications
that participants considered alarm-worthy generally increased between 22:00 and 01:00
(see Section 4.1.5). In retrospect, resetting the limit cap during that critical period before
bedtime seems unwise.

7
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Figure 5.1: Participant 2’s usage of com.instagram.android and net.lovoo.android
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Figure 5.2: Participant 1’s usage of com.instagram.android and com.android.chrome

This assumption and the observed behaviour highlight the requirement of a similar
understanding of what is “daily” between the application and the user target group.

Technical issues

Technical prototypes seldom work 100 percent as expected when released into the wild,
and this prototype was no exception. One participant described that synchronisation with
the watch did not work out of the box after the phone got restarted until the Watchful
application was started, which points to implementation issues with the background
worker on the app’s side. With the worker jobs disabled, the usage data displayed on the
watch face would become stale, and the evaluation logic for alarms would not execute,
rendering the prototype practically useless.

Further issues arose when one participant disabled Bluetooth to preserve the battery,
cutting the communication between the phone and watch and consequently rendering
triggered alarms pointless (see Figures 5.1a and 5.1b and in comparison Figures 5.2a
and 5.2b). The alarm signals got dispatched but never reached the watch — apparently,
the fallback via WIFI did not take effect in this situation — resulting in silent alarms
that were not perceivable by the participant.
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5.3. Summary and recommendations

External factors

It has become apparent that some applications are more complex to not use than others.

For example, apps with the capability to provide the means for communication or social
interactions.

The time spent with others, the social exchange or the prospect of relations might drive
the need to use the app. Furthermore, a dependency on communication or interaction
partners makes planning for reduction difficult due to unforeseeable actions by these
partners. Examples of this behaviour can be seen in Participant 2’s data with the app
Lovoo (see especially Figure D.2b)). Despite setting a limit (which admittedly failed), the
app’s usage increased during the last week, which might be due to unexpected activity
on the app. Similarly, we see the same pattern for Participant 3’s usage of Telegram

(see Table C.3) — there might have been increased social activity in this specific week.

However, without data to confirm this assumption, that’s just speculation. Still, this
observation might support the point that some applications are more straightforward to
detox from than others without knowing the context or what the user expects to gain
from using them.

Just as some situations help break everyday usage patterns, others might allow extended
phone or app usage. Although none of the participants reported anything unusual, the
fact that parts of the study took place during the semester break, with all participants
being university students, could indicate more spare time available than during the
semester.

5.3 Summary and recommendations

Starting with answering question research question RQ 1.1, the alarms could not sustain
the reduction level of the first week due to multiple reasons. However, despite being
probably too forceful, participants responded well to the feature and claimed it helped
them to reduce time on specific applications. We can see a continuing trend of reduced
usage in the cases of some participants. Still, due to the small number of participants
and with data for a short-lived time frame, it is impossible to generalise outcomes or
assess a long-term effect. Implementing a different intervention design using positive
reinforcements and better nudge and choice architecture could encourage and motivate
participants to alter their screen time behaviour.

Having the watch face (question RQ 1.2) to offer ‘real-time’ feedback on phone usage
was received well, as it was easier to take a look at the watch instead of opening specific
apps or settings on the phone. A significant reduction in screen time during the first
week of the study could be observed. Some participants reported that wearing a watch as
part of the study was a physical reminder to ‘reduce phone usage’, thus possibly skewing
some of the results. However, this novelty effect became smaller over time as participants
became more accustomed to the watch.
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One participant reported that using the smartwatch’s notification relay feature helped
reduce phone interactions. Without monitoring notifications, the current prototype does
lack the means to verify this claim. Pizza et al. have discussed the watch’s role as an
intermediary and the possibilities to reduce time on the phone, although they might be

disruptive if configured wrong [PBML16].

Consequently, to answer the overarching question RQ 1, there might be potential in using
smartwatches to support digital detox activities to reduce screen time. However, only a
few significant short-term effects on screen time with the implemented intervention and
study design (see Section 3.2) were observable. To better understand possible intervention
designs, a literature review was conducted to retrieve available design guidelines (as
presented in Section 2.8), and an improved design proposal taking the guidelines into
account has been addressed in Section 16.4.1.

The prototype presented in Sections 3.5/ and 3.6/ is certainly one possible design solution.
The intervention design shares strong similarities with Okeke et.al. [OSDEILS8| with
analogues outcomes regarding perceived usefulness and annoyance with the accompanying
effects.

Regarding health data, the limited results (see Section 4.2.1) only allow comments on
sleep data. There is a strong negative correlation between phone usage and sleeping hours
for obvious reasons. However, given the fact that a large body of literature considers
phone usage before bedtime as not a healthy habit for mental well-being [MHZ¥19)], and
the findings that usage of applications deemed worthy of an alarm was increased during
the night-time, there might be possibilities to design interventions using this data.

Unfortunately, heart rate and step data have been too incomplete to be used for further
analysis. Henceforth, answering question RQ 2 to a satisfactory extent is impossible with
the current data and results. For future implementations, an approach using redundant
ways of recording health metrics would be beneficial and help avoid the pitfalls of missing
data.

Speaking of intervention designs, to answer question RQ 3, reflecting upon the results
and observed issues with the proposed prototype and intervention design is necessary.
Participants made very useful recommendations regarding what they are missing in
terms of features (alarm snoozing, more transparency, and additional guidance — see
Section 4.3.9).

The user experiences could be improved by fixing the observed technical issues and a
revised intervention architecture (“nudging for good” [T'S0§|). Implementing mechanics
found in the rich literature on goal setting and goal fulfilment could further enhance
motivation for the right participants. (i.e. those that are inherently motivated and

interested [PIM*23])
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5.3. Summary and recommendations

5.3.1 Recommendations

The results (see Section [4)) and the preceding discussion sections of this thesis suggest
that some recommendations for future designs can be added to the available guidelines
that have been presented in Section 2.8.

Guidance Although phone users know digital detox as a concept, many are reluctant
to try it or don’t see the need to change usage-behaviour |[PIM™T23].

Providing users with a toolkit shows good intent, though. Still, users can achieve more
by being taught how to use it properly within their capabilities, thus helping manage
expectations and define sustainable long-term goals. This also means that guidance
should be an adaptive process that accompanies the potential user in finding mechanisms
or configurations that match their needs and contribute to their goal.

We have seen that limits were consistently set with more freedom, moved or deleted
to allow for more consumption, possibly due to alarms being too forceful. However, a
guided mechanism might support users in finding suitable configurations independently.
This process might even adapt configuration automatically to help individuals achieve
sustainable long-term goals. Research dealing with goal-setting could help shed light
on providing proper support for those in need. Morrison et al. already suggested that
the acceptability of self-assessment or monitoring components may be optimised by also

providing tailored feedback [MMMMY14].

Redundancy The prototype design that has been proposed as part of this work is a
distributed system on a relatively small scale. Despite the few components, communication
between is crucial to work reliably, and communication loss to partners needs to be
detected and addressed.

Intervention mechanisms should, if possible, work on either ecosystem device in case the
primary one is not within reach or in a functional state.

Redundant data-gathering mechanisms could further prove beneficial to make interven-
tions effective and efficient. Massar et al. evaluated different modalities to record sleep
behaviour and quality and found them agreeable enough to gather redundant data in
long-term studies where participants occasionally fail to provide information from one

modality .

Re-think the value of screen time as a metric Screen time as the sole metric to
measure phone interaction could be unreliable, as applications might run in a foreground
process, but users are not actively interacting with the phone. An example might be
using the non-premium YouTube application to play music in the background while doing
other activities.

Despite its easy obtainability, screen time as an indicator has already been criticised:
“research community and society as a whole should move beyond the screen time debate
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and instead to examine the context and content surrounding social media use” [CRZ*20)].
This might even be true for smartphone usage. An alternative to plain screen time has
been used in this work: the ratio between screen time accumulated by using “problematic’
applications to total screen time (see Section [4.1.6)).

)

Using context-awareness capabilities provided by smartphones and smartwatches could
help to find and generate a qualitative metric that captures the nature of phone interaction
and its impact on the operator. Adding content analysis could prove to be a challenging
topic already from a privacy point of view.
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CHAPTER

Conclusion

6.1 Summary

This work presents a novel approach to supporting digital detox. It implements a
simple intervention design using negative reinforcements in a smartphone-smartwatch
ecosystem. At the time of writing this thesis, the use of wearables to support individuals
in undergoing digital detox activities has not yet found wide applications, neither in the
available literature nor in software solutions. A dedicated phone application collects phone
usage data and sends daily statistics to a companion watch, displaying near-real-time
usage information on its watch face. Additionally, users were able to define daily screen
time limits for applications. Reaching the limit triggers a vibration on the watch that
will remain until the user ceases to use this specific application. Furthermore, the phone
application has access to physical health data from the watch (heart rate, steps and
sleep cycles) via a Google Fit integration. Thus, the application can provide mash-up
visualisation with data on daily phone usage and health-related data.

A small user study with six participants tested the prototype for two weeks. During
the first week, participants significantly reduced their screen time, whereas, during the
second week, screen time was reduced but not significantly. During the second week, the
alarm feature was recommended to be employed. However, no significant reduction due
to the alarm feature could be found. Further investigations revealed that participants
either chose limits with lots of slack or altered limits to the maximum setting to use
their applications a bit more without re-enabling their limit afterwards. This could either
support the notion that participants could not define realistic limits for their desired
behaviour or that the implemented design was too forceful, and participants chose to
find ways to evade it.

Time analysis of phone screen time revealed that the usage of applications with a time
limit increased between 7 pm and 7 am compared to the rest of the day and slightly
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reduced with each intervention week. With the available sleep data accessed, it has
become apparent that the study’s participants have been practising late bedtimes (around
or after midnight) with accompanying phone usage beforehand. However, health data
recordings were too sparse to deduct further insights other than the fact that participants’
wake /sleep cycle did not meet the limit’s time window assumptions.

The post-intervention interviews revealed several shortcomings of the proposed prototype
and intervention designs. Despite all the issues, participants provided positive feedback
for the watch face, thanks to its simplicity and ease of use. On the other hand, they
reported a love-hate relationship towards the alarm feature. There was a significant
reduction in phone screen time during the first week of the study in comparison to
baseline usage, presumably due to wearing a watch as a physical reminder. This effect
diminished during the second week as old behaviour patterns could again be observed,
and even the introduction of the proposed alarm feature did not help reduce screen time
further in some cases.

Thanks to the small size of the user study population (n = 6), the result’s level of
significance is debatable but instead should serve as an evaluation of a proof-of-concept
design.

6.2 Smartwatches potential

Given the available results and the participants’ experiences in this study, the proposed
prototype setup has tested smartwatches’ potential for digital detox and well-being.
Participants reported increased awareness of their phone usage thanks to the watch face,
the app, and some of their health metrics. However, given the short study duration,
small population size and participant motivation, it’s hard to derive anything substantial
other than a positive first impression of the proposed prototype intervention.

Smartwatches could reduce direct interactions with a phone by providing easy access to
required information [PBML16]. Simple information such as the time of day, the date,
calendar entries, daily phone usage or controlling music is already available. Still, even
more complex tasks are thinkable and might be available in the future. The capability of
relaying notifications from phone to watch and whitelisting notifications applications to
do so might be helpful when trying to reduce phone screen time — effectively taking a
message delay approach [LLST19]. Yet the impact of notifications on the attention cost
and effective disruption [MPVT16, PVPIS, SMYT5] still remains. However, since this
prototype did not monitor or collect notification events, there is no data to support this
claim other than participants’ reported experiences.

Despite being equally liked and hated by participants and having some encouraging first
results, further adaptations to design and code-base are needed to tackle the identified
issues and build better choice architecture.
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6.3. Limitations

6.2.1 Nudge Design

Rofarello and De Russis have already suggested using positive reinforcements [APS97],
trigger events [SCB15] and the contextual awareness functionality of smartphones. With
smartwatches’ even further increased capabilities to identify context—from both the
environment and internal sources—and more possibilities to interpret it, more engaging
and precise nudge mechanics could be possible. With access to recorded sleep and activity
data, making relevant suggestions or trigger events could be better timed.

6.3 Limitations

The presented findings have several limitations: First, due to the small study popula-
tion, the implementation’s prototypical state and the observed technical issues might
have skewed the already scarce data. The relatively short duration of only two weeks
additionally showed a diminishing effect of the intervention on overall screen time. The
implemented intervention design allows us to see primarily short-term results, but with
the alarm being particularly forceful, it can be expected to observe abandonment of the
prototype over longer periods. Furthermore, the implemented intervention design does
not strictly follow good practices from the present point of view in the literature; instead,
it was chosen as being well adaptable to a watch interface and could be greatly improved
to provide more tailored feedback to participants.

Considering that participants were all university students of similar age and socio-
ecological descent and that participation earned them extra credit for coursework, the
available data certainly holds some bias.

In some cases, usage events for participants (app usage and phone unlocks) had identical
or very similar entries by app and duration properties but with different start and end
timestamps. Since the phone’s system time is usually set through the network provider,
there seem to have been timestamp mismatches when usage stats got scraped. Suspicion
is high that the observed phenomena occurred when participants possibly switched
time zones or networks due to travelling, but the actual reasons remain hidden. This
de-duplication process was pretty easy for usage events, thanks to having plenty of
properties to distinguish between. Unfortunately, this was not the case for the unlock
events. Henceforth, unlock event data has been excluded from further analysis and could
not contribute to the findings.

From a usability point of view, the user interface relies heavily on dynamically chosen
colours to help identify applications. Consequently, people with colour impairment will
have difficulty reading the graphs or representation on the watch face.

6.3.1 Drawbacks

As with every technology, several factors need careful consideration and planning. Other-
wise, good intentions can always backfire and create unintended side effects [Sch19].
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Privacy and data protection

Usage and health data offer intimate insight into their owner’s life, habits and personal
preferences. Connecting multiple data sources further increases the level of detail and
could help to foster healthier lifestyles. However, in the same manner, this level makes it
attractive for companies, corporations, governments and criminals for various reasons:
marketing, surveillance and exploits or monetisation of personal shortcomings. Recent
laws like the EU’s (DSGVO)!|introduced law-bound guidelines and high fines for violations
of those principles in hopes of strengthening data protection.

Critics of these data-gathering practices are probably right. Yet, given the possibilities
offered by insights from this data to create a chance for a healthier life, it might be worth
taking a calculated risk.

Increased connected-ness and digital entanglement

Adding another piece of technology designed to support smartphone interaction can be
seen as truthfully troublesome. Without proper care, the watch could help make the
connection between the phone and the user more vital and difficult to evade or break.
Although Pizza et al. suspect that a smartwatch, and depending on the activity that’s
undertaken, the effect of disruptions through notification might be neglectable .

6.4 Future outlook

Besides having identified several shortcomings of the proposed prototype and possible
ways to fix them, there is another problem with the available implementation: Google
Fit is deprecated and will only receive support until the end of 2024. Google is pushing
a new API called Health Connect®, which supposedly offers more privacy control over
on-device health and fitness data. Implementing Watchful using Health Connect could
grow the number of compatible smartwatches and the number of users that could be
supported on their digital detox journey.

Furthermore, to help deal with data gaps, implementing alternative or complementing
data-recording modalities could prove beneficial. For instance, “tappigraphy” [BHGI9),
BG18| could enhance screen-time metrics with interaction data, whereas smartphone
sensors, in turn, could complement wearable recordings, as has been demonstrated by
Massar et al. [MCST21]. In the case of Android, APIs are available to gather step data
through phone-integrated motion sensors and even get callbacks on significant motion
events®.

IDSGVO, https://www.datenschutz-grundverordnung.eu/-Accessed August 2023

2Google Health Connect, https://developer.android.com/quide/health-and-fitness/
health-connect|— Accessed August 2023

JAndroid Motion Sensors, https://developer.android.com/develop/
sensors—and-location/sensors/sensors_motion — Accessed January 2024


https://www.datenschutz-grundverordnung.eu/
https://developer.android.com/guide/health-and-fitness/health-connect
https://developer.android.com/guide/health-and-fitness/health-connect
https://developer.android.com/develop/sensors-and-location/sensors/sensors_motion
https://developer.android.com/develop/sensors-and-location/sensors/sensors_motion
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6.4. Future outlook

6.4.1 Improved Watchful design

No prototype is perfect, and based on the participant feedback (see Section 4.3.9) and
insights from the studies results and observed behaviour (see Section 4.1.5/and D)), the
following improved prototype design could be a possibility for further research. Besides,
general guidelines recommended in the literature(presented in Section [2.8) should be
further revised and taken into account to design future intervention mechanics.

The following bullet points collect observations and participant’s suggestions:
Alarm intervention: From a technical perspective, the prototype’s implementation
worked fine within the scope of this thesis. However, several improvements have been

suggested to reduce friction in the user experience and to make the mechanism more
reliable:

¢ choosing alarm limits could respect past week usage and recommend a realistic
value or even automatically adapt the value over time.

o Progress on reaching limits should be easily visible.

e The alarm feature should be less forceful with the possibility of snoozing it.

e While an alarm is active, closing the application responsible for triggering the alarm
could turn off the alarm automatically.

¢ In case of an unavailable watch, a fallback alarm on the phone should take over.

Watch face: Minor convenience features could make the watch face interventions more
useful for a wider audience without using the provided dedicated Watchful watch face.

¢ WearOS supports tiles and complication implementations besides watch faces
to make information more easily available in a customisable way for personal
preferences.

o Stale usage data needs to be detected, and the user informed about missing fresh

data.

Sleep data: With access to more reliable sleep activity data could offer additional
interventions:

o With access to bed- and wake-time, phone usage before bed could be detected and
discouraged.

o Late-night phone usage could be discouraged through an additional intervention,
and alarm limits time windows could better align with wake/sleep cycles.

¢ Include the impact of smartphone usage on sleep quality as already proposed by

Arora et al. [ACB21].
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Further technical improvements: The proposed prototype suffers from a very
limited range of supported watch models due to its reliance on Google Fit to capture
health and sleep data. Unfortunately, this Google service has become deprecated as of
2024 and should be migrated to Health Connect*. Removal of the Google Fit dependency
would make the prototype further applicable to a greater number of watch models and
thus allow it to be used by a wider user base.

In addition, redundant modalities to record phone usage, interaction metrics and physio-
logical /activity data could greatly improve the reliability of the proposed interventions.
Finding new metrics to describe phone interaction beyond a quantitative perspective
could further introduce new meaning to “Digital Detox” and make for a better experience
for the audience.

Guidance, appraisal and reward Providing users with an appraisal of their progress
and highlighting observed changes could encourage long-term habit formation. However,
finding the right words and rewards that motivate users are additional challenges.

In contrast, providing better guidance on phone usage through companion devices could
be easily done, resulting hopefully in a better user experience and supporting habit
formation.

6.5 Closing words

This thesis has investigated the application of a smartwatch for digital detox intervention
to decrease phone screen time, which had no published or similar implementation at
the time. The results showed promising first impressions and good feedback from
participants, but they also revealed a number of shortcomings and limitations. The small
study population and short duration prohibit deriving generalised recommendations for
long-term effects.

Working on the thesis made the complex nature of the relationship we have developed
with our smartphones even more apparent to me. The sheer amount of continuous work
and motivation necessary to adopt personal habits for healthier versions is incredible and
has been greatly underestimated by me.

Two years have passed from the original idea to the conclusion of the write-up, during
which time the prototype has grown into its latest form. Yet, despite (or perhaps because
of) the long time spent in development, a myriad of issues arose with the prototype when
flung into the real world. In retrospect, I would have done many things differently, in
some cases faster and in others more deliberately. However, isn’t that almost always the
realisation afterwards?

Nothing is easy; The journey is the reward; Bad roads and uncharted regions are part of
it;

4Google Fit migration guide, https://developer.android.com/health-and-fitness/
guides/health-connect/migrate/migration—guide|— Accessed February 2024


https://developer.android.com/health-and-fitness/guides/health-connect/migrate/migration-guide
https://developer.android.com/health-and-fitness/guides/health-connect/migrate/migration-guide

6.5. Closing words

Let’s cherish the experience and hope these notes and directions might help someone in

the future besides myself.
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Q1

APPENDIX

Survey questions

How much did your awareness about your phone usage increased during
this first week?

— 5 point Likert-scale (not at all to very much)

see Figure |A.1a

Q2

To what degree were you aware of the watch?
— b point Likert-scale (not at all to very much)
see Figure |A.1b

Q3

How much did the watch bother you?
— 5 point Likert-scale (not at all to very much)
see Figure |A.1c

Q4

Which app did you check for your daily screen time more often during
this first week?
see Figure |A.1d

Q5

How do you feel about reading the visualisations available in
the Watchful phone app?

— b point Likert-scale (not at all to very much)

see Figure |A.le

Table A.1: Survey questions — Part 1
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Q6 How much value do the visualisations available in the Watchful phone app
offer to you?
— 5 point Likert-scale (nothing to a lot)
see Figure A.1f

Q7 How much value does the available health data in combination with your
phone usage data offer?
— 5 point Likert-scale (nothing to a lot)
see Figure A.lg

Q8 Do you have anything to add about your experiences with the phone app
so far?

Table A.2: Survey questions — Part 2
Q9 How do you feel about interpreting the watch face?

— 5 point Likert-scale (difficult to read to easy to read)
see Figure A.1h

Q10

How often did you use the Watchful watch app directly?
— 5 point Likert-scale (not at all to very often)
see Figure A.1i

Q11

Is there something that you want to tell us about your experiences with the
watch or watch-app?

Q12

How useful are the available statistics to you?
— 5 point Likert-scale (not at all to a lot)
see Figure A.1j

Q13

Are there any changes to the available statistics that you would recommend?

Table A.3: Survey questions — part 3



Die approbierte gedruckte Originalversion dieser Diplomarbeit ist an der TU Wien Bibliothek verfligbar

The approved original version of this thesis is available in print at TU Wien Bibliothek.

[ 3ibliothek,
Your knowledge hub
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(a) Survey Q1 responses

1 2 3 a 5

(c) Survey Q3 responses

1 2 3 a 5

(e) Survey Qb responses

2 3 a 5 L}

(g) Survey Q7 responses

Count

04

1 z 3 a 5 L}

(i) Survey Q10 responses

Figure A.1: Survey results from Likert scales questions from all participants (n = 9)
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(b) Survey Q2 responses

Watchful on the ohone Watchful Watchface

(d) Survey Q4 responses

(f) Survey Q6 responses
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(h) Survey Q9 responses

Count
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(j) Survey Q12 responses
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APPENDIX

Interview guide

We appreciate you took the time to participate in our study.

Regarding your overall experience with our digital detoxification prototype, we have a
few questions for you. As always, there is nothing you can do wrong! There are no right
or wrong responses! We're interested in learning about your personal experience.

We’re going to record our conversation with your consent. We will only utilize the
recording to understand better what we can learn from your experience and how to make
the prototype even better in the future.

1. Which features of the app did you like the most? Why?
2. Which features were most useful for you? How?
3. Which features of the app you did not like? Why?

4. How did your usage pattern change over time during the last 14 days? Why? What
was the difference between the first and the second week?

5. Let’s begin and briefly talk about the different features of the prototype:

o Alarm setting and notification (if not already discussed before)

— Overall impressions
— Challenges
— Likes and dislikes

— Changes they recommend as per their usage
o Usage statistics (if not already discussed before):

— Overall impressions
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— Challenges
— Likes and dislikes
— Changes they recommend as per their usage

o Health data (if not already discussed before):

— Opverall impressions

— Challenges

— Likes and dislikes

— Changes they recommend as per their usage

o How did the usage of the app differ between the smartphone and smartwatch?

o Is there any other feature you think we should implement in the future based
on your experience?

¢ Did anything out of the ordinary occur during last week that would not reflect
day-to-day behaviour? (e.g., travelling, vacation, stress at work or exams)

e All that’s left for me to say is once more, thank you for taking part! We hope
we were able to raise your awareness of your smartphone use.



APPENDIX

Participant data

Due to the small number of participants, it’s impossible to derive generalized insights

thanks to highly individual behaviour and preferences.
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C. PARTICIPANT DATA

participant 1: Top 5 per phase
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Figure C.1: Participant 1’s top 5 most used applications for each week of the study

package baseline passive active
time / rank time / rank time / rank
com.instagram.android 10.93h / 2 8.24h /1 8.74h / 1
-24.60% -20.04%
com.android.chrome 8.52h / 3 6.93h / 2 7.63h / 2
-18.68% -10.51%
com.google.android.youtube 12.49h / 1 5.65h / 3 4.66h / 3
-54.73% -62.70%
com.viber.voip 1.47h / 6 2.28h /5 1.32h / 4
com.amazon.mShop.android.shopping  0.08h / 25 0.33h / 14 1.22h / 5
com.android.incallui 1.60h / 5 1.08h / 6 1.18h / 6
com.whatsapp 3.65h / 4 4.26h / 4 1.00h / 7
other 6.16h (n = 55) 6.91h (n =59) 4.32h (n = 48)
+12.27% -29.81%
total time 44.90h 35.69h 30.07h
daily average 6.41h 5.10h 4.30h
total change -20.52% -33.02%

Table C.1: Participant 1’s weekly top 5 application totals
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participant 2: Top 5 per phase

== com.instagram.android
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weekly duration (hours)

baseline passive active
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Figure C.2: Participant 2’s top 5 most used applications for each week of the study

package baseline passive active
time / rank time / rank time / rank

com.instagram.android  7.42h /1 6.75h / 1 5.59h / 1

-9.07% -24.69%
net.lovoo.android 3.16h / 2 2.74h / 2 4.14h / 2

-13.23% +31.09%
org.torproject.torbrowser 2.39h / 3 0.99h / 3 3.47h / 3
com.android.chrome 0.40h / 10 0.61h / 7 2.03h / 4
com.google.android.youtube 2.05h / 4 0.93h / 4 1.99h / 5
org.jitsi.meet 1.01h / 5 0.49h / 9 0.95h / 6
org.thoughtcrime.securesms  0.54h / 8 0.66h / 5 0.50h / 11
other 4.53h (n =35) 4.83h (n=45) 7.55h (n =57)

+6.74% +66.72%
total time 21.50h 18.01h 26.23h
daily average 3.07h 2.57h 3.75h
total change -16.20% +22.02%

Table C.2: Participant 2’s weekly top 5 application totals
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C. PARTICIPANT DATA

participant 3: Top 5 per phase
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Figure C.3: Participant 3’s top 5 most used applications for each week of the study

package baseline passive active
time / rank time / rank time / rank

com.google.android.youtube 27.00h /1 8.89h / 1 14.13h / 1

-67.07% -47.68%
org.telegram.messenger 9.34h / 2 4.68h / 2 9.94h / 2
com.instagram.android 3.54h / 3 1.50h / 3 4.83h / 3

-57.66% +36.52%
com.activision.callofduty.shooter — / — —/— 3.07h / 4
games.flick.solitaire —/ — —/ — 1.93h / 5
com.android.chrome 2.90h / 6 0.82h / 5 1.27h / 6
com.moshbit.studo 1.27Th / 7 1.39h / 4 0.79h / 9
org.lichess.mobileapp 3.0lh / 5 0.12h / 24 0.37h / 13
com.classicsffive.chessminis 3.14h / 4 0.29h / 12 0.04h / 39
other 9.48h (n="72) 6.87h (n=72) 7.55h (n =81)

-27.48% -20.31%
total time 59.68h 24.57h 43.92h
daily average 8.53h 3.51h 6.27h
total change -58.84% -26.41%

Table C.3: Participant 3’s weekly top 5 application totals
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participant 4: Top 5 per phase
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Figure C.4: Participant 4’s top 5 most used applications for each week of the study

package baseline passive active
time / rank time / rank time / rank

com.zhiliaoapp.musically  8.83h / 1 5.04h / 1 8.43h /1

-42.93% -4.55%
org.mozilla.firefox 1.96h / 2 2.23h / 2 1.82h / 2
app.revanced.android.youtube 1.27h /5 0.32h / 7 1.72h / 3
com.instagram.android 1.55h / 4 1.48h / 3 1.39h / 4
com.twitter.android 0.79h / 7 1.29h / 5 1.17h / 5
com.whatsapp 1.83h / 3 1.30h / 4 0.73h / 6
other 3.57h (n =38) 2.39h (n=45) 2.06h (n = 32)

-32.89% -42.23%
total time 19.80h 14.05h 17.33h
daily average 2.83h 2.01h 2.48h
total change -29.04% -12.47%

Table C.4: Participant 4’s weekly top 5 application totals
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C. PARTICIPANT DATA

participant 5: Top 5 per phase
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Figure C.5: Participant 5’s top 5 most used applications for each week of the study

package baseline passive active
time / rank time / rank time / rank

com.android.chrome 4.05h / 1 291h / 1 2.31h / 1

-28.11% -43.00%
com.whatsapp 0.93h / 4 1.02h / 3 1.22h / 2
at.willhaben 0.55h / 8 0.34h / 10 0.98h / 3
com.spotify.music 0.60h / 7 0.47h /9 0.57h / 4
com.google.android.youtube 0.01h / 25 —/ — 0.42h / 5
org.adblockplus.browser 0.60h / 6 1.05h / 2 0.26h / 8
com.google.android.apps.maps  2.25h / 2 1.01h / 4 0.02h / 20
com.tinder 1.34h / 3 0.52h / 7 — /=
net.lovoo.android 0.88h / 5 0.54h / 6 —/ —
com.chess —/— 0.59h / 5 —/ —
other 1.12h (n =32) 2.18h (n=137) 1.47h (n = 34)

+94.65% +31.41%
total time 12.34h 10.65h 7.25h
daily average 1.76h 1.52h 1.04h
total change -13.71% -41.26%

Table C.5: Participant 5’s weekly top 5 application totals
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Figure C.6: Participant 6s’s top 5 most used applications for each week of the study

package baseline passive active
time / rank time / rank time / rank
com.amazon.avod.thirdpartyclient 8.12h / 2 12.75h / 1 12.25h / 1
+57.12% +50.96%
com.instagram.android 9.68h / 1 8.44h / 2 8.37h / 2
-12.75% -13.51%
com.vanced.android.youtube 3.45h / 4 3.81h / 3 3.27h / 3
+10.46% -5.10%
org.thoughtcrime.securesms 1.53h / 6 2.08h / 6 2.84h / 4
com.whatsapp 3.49h / 3 2.60h / 4 2.56h / 5
com.spotify.music 1.74h / 5 2.38h /5 1.83h / 6
other 6.62h (n = 63) 6.37h (n=69) 8.18h (n = 78)
-3.711% +23.65%
total time 34.62h 38.43h 39.32h
daily average 4.95h 5.49h 5.62h
total change +11.03% +13.59%
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APPENDIX

Daily usage of “problematic”
applications in respect to defined
limits

Figures D.1a to D.6c show daily (00:00 to 23:59) cumulative screen time of applications
for which participants defined alarms. The black lines represent alarm limits at a given
time, whereas points in color signify triggered alarms. Dashed horizontal lines represent
daily averages per phase (baseline: blue, passive: orange, active: green), whereas vertical
dashed lines mark phase start/end timestamps.

participant 1

package
— com.android.chrome

(a) com.instagram.android [ Instagram (b) com.android.chrome/Google Chrome

Figure D.1: Participant 1’s usage of com.instagram.android and com.android.chrome
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D. DAILY USAGE OF “PROBLEMATIC” APPLICATIONS IN RESPECT TO DEFINED LIMITS

participant 2

package
— com.instagram.android

& 3 3

cummulative daily usage (minutes)
3

°

(a) com.instagram.android/Instagram

participant 2

3 B

package
— netlovoo.andraid

cummulative daily usage (minutes)
5 8 & 3B

o 8

(b) net.lovoo.android / Lovoo

Figure D.2: Participant 2’s usage of com.instagram.android and net.lovoo.android
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(a) com.google.android.youtube/ Youtube

Figure D.3: Participant 3’s  usage
com.instagram.android
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_________________________
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Figure D.4: Participant 4’s usage of com.zhiliaoapp.musically/ TikTok
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@
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Figure D.5: Participant 5’s usage of com.android.chrome/Google Chrome
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participant 6

s package
— com.amazon.avod thirdpartyclient participant 6
104
package
100 —— com.instagram.andraid

cummulative daily usage (minutes)

cummulative daily usage (minutes)

(a) com.amazon.avod.thirdpartyclient/ Amazon
Prime (b) com.instagram.android/ Instagram

participant 6

package
— com.vanced.android. youtube

3

@
3

5 8 &

cummulative daily usage (minutes)
g
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(c) com.vanced.android.youtube Youtube
Vanced
Figure D.6: Participant 6’s usage of com.amazon.avod.thirdpartyclient,

com.instagram.android and com.vanced.android.youtube
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Timeline analysis
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E. TIMELINE ANALYSIS

phase mean change
baseline 10.92m —
passive 8.39m -2.53m
v.s. baseline Wilcoxon signed-rank: let d=X;-Y;
Hy: F(d) symmetric about p =0
H, : F(d) symmetric about p >0
p =0.00002, ¢ = 0.51
active 9.74m -1.18m
v.s. baseline Wilcoxon signed-rank: let d=X;—Y;
Hy: F(d) symmetric about p =0
Hy: F(d) symmetric about p >0
p = 0.0678
nightly baseline 10.90m —
nightly passive 7.88m -3.02m
v.s. baseline Wilcoxon signed-rank: let d=X; -Y;
Hy: F(d) symmetric about p =0
H,: F(d) symmetric about pu >0
p=0.00073,e = 0.47
nightly active 8.70m -2.20m
v.s. baseline Wilcoxon signed-rank: let d=X; —-Y;
Hy: F(d) symmetric about p =0
H,: F(d) symmetric about pu >0
p = 0.00073,e = 0.32
daily baseline 10.94m —
daily passive 8.90m -2.04m
v.s. baseline Wilcoxon signed-rank: let d=X; —Y;
Hy: F(d) symmetric about p =0
H; : F(d) symmetric about p >0
p = 0.00049, ¢ = 0.69
daily active 10.79m -0.16m
v.s. baseline Wilcoxon signed-rank: let d=X; —Y;
Hy: F(d) symmetric about p =0
Hy : F(d) symmetric about p >0

p = 0.2593

Table E.1: Hourly screentime including null values
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phase mean change
daily|nightly
baseline 10.94m[10.90m 0.06m*

day v.s. night Mann-Whitney U:

p = 0.5899

Hy: F(u) = G(u)
Hy:3Ju: F(u) # G(u)

passive 8.90m|7.88m

day v.s. night Mann-Whitney U:

p=0.9323

1.05m*
Hy: F(u) = G(u)
Hy:FJu: F(u) # G(u)

active 10.79m|8.70m

day v.s. night Mann-Whitney U:

p = 0.4776

2.09m*
Hy: F(u) = G(u)
Hy:FJu: F(u) # G(u)

Table E.2: Hourly screentime including null values
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E. TIMELINE ANALYSIS

phase mean change
baseline 16.51m —
passive 12.93m -3.58m
v.s. baseline Wilcoxon signed-rank: let d=X;-Y;
Hy: F(d) symmetric about p =0
H, : F(d) symmetric about p >0
p =0.00326,c = 0.27
active 14.96m -1.55m
v.s. baseline Wilcoxon signed-rank: let d=X;—Y;
Hy: F(d) symmetric about p =0
Hy: F(d) symmetric about p >0
p = 0.0938
nightly baseline 18.80m —
nightly passive  15.60m -3.20m
v.s. baseline Wilcoxon signed-rank: let d=X; -Y;
Hy: F(d) symmetric about p =0
H,: F(d) symmetric about pu >0
p =0.1018
nightly active 16.45m -2.34m
v.s. baseline Wilcoxon signed-rank: let d=X; —-Y;
Hy: F(d) symmetric about p =0
H,: F(d) symmetric about pu >0
p=0.00171,¢ = 0.39
daily baseline 14.72m —
daily passive 11.22m -3.50m
v.s. baseline Wilcoxon signed-rank: let d=X; —Y;
Hy: F(d) symmetric about p =0
H; : F(d) symmetric about p >0
p = 0.00024,¢ = 1.45
daily active 13.94m -0.78m
v.s. baseline Wilcoxon signed-rank: let d=X; —Y;
Hy: F(d) symmetric about p =0
Hy : F(d) symmetric about p >0

p = 0.3110

Table E.3: Hourly screentime cleaned from null values
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phase mean change
daily|nightly
baseline 14.72m|18.80m —2.12m*

day v.s. night Mann-Whitney U:

p=0.0519

Hy: F(u) = G(u)
Hy:3Ju: F(u) # G(u)

passive 11.22m|15.60m

day v.s. night Mann-Whitney U:

p = 0.0887

—5.61m*
Hy: F(u) = G(u)
Hy:FJu: F(u) # G(u)

active 13.94m[16.45m

day v.s. night Mann-Whitney U:

p=0.7125

0.11m*
Hy: F(u) = G(u)
Hy:FJu: F(u) # G(u)

Table E.4: Hourly screentime cleaned from null values
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E. TIMELINE ANALYSIS

phase mean change
baseline 13.15m —
passive 10.45m -2.70m
v.s. baseline Wilcoxon signed-rank: let d=X;-Y;
Hy: F(d) symmetric about p =0
H, : F(d) symmetric about p >0
p=0.02821,¢ = 0.15
active 10.81m -2.33m
v.s. baseline Wilcoxon signed-rank: let d=X;—Y;
Hy: F(d) symmetric about p =0
Hy: F(d) symmetric about p >0
p = 0.02284,¢ = 0.37
nightly baseline 15.76m —
nightly passive  13.56m -2.19m
v.s. baseline Wilcoxon signed-rank: let d=X; -Y;
Hy: F(d) symmetric about p =0
H,: F(d) symmetric about pu >0
p = 0.3955
nightly active 11.35m -4.41m
v.s. baseline Wilcoxon signed-rank: let d=X; —-Y;
Hy: F(d) symmetric about p =0
H,: F(d) symmetric about pu >0
p = 0.00024, ¢ = 0.58
daily baseline 10.87m —
daily passive 8.17Tm -2.71m
v.s. baseline Wilcoxon signed-rank: let d=X; —Y;
Hy: F(d) symmetric about p =0
H; : F(d) symmetric about p >0
p = 0.00024, ¢ = 0.86
daily active 10.43m -0.44m
v.s. baseline Wilcoxon signed-rank: let d=X; —Y;
Hy: F(d) symmetric about p =0
Hy : F(d) symmetric about p >0

p = 0.4250

Table E.5: Hourly screentime of “limited” applications including null values
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phase mean change

daily|nightly

baseline 10.87m|15.76m —3.55m*

day v.s. night ~ Mann-Whitney U:  Hy : F(u) = G(u)
Hy:3Ju: F(u) # G(u)

p=0.1978

passive 8.17m|13.56m —7.05m*
day v.s. night ~ Mann-Whitney U: Hp: F(u) = G(u)
Hy:FJu: F(u) # G(u)
p = 0.00291, ¢ = 0.96
active 10.43m|11.35m 0.20m*
day v.s. night ~ Mann-Whitney U:  Hp: F(u) = G(u)
Hy:FJu: F(u) # G(u)

p=0.7125

Table E.6: Hourly screentime of “limited” applications including null values
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E. TIMELINE ANALYSIS

phase mean change
baseline 26.51% —
passive 23.83% -2.68%
v.s. baseline Wilcoxon signed-rank: let d=X;-Y;
Hy: F(d) symmetric about p =0
H,: F(d) symmetric about pu >0
p = 0.0758
active 26.17% -0.34%
v.s. baseline Wilcoxon signed-rank: let d=X;-Y;
Hy: F(d) symmetric about p =0
H,: F(d) symmetric about pu >0
p=0.5168
nightly baseline 26.49% —
nightly passive 21.84% -4.65%
v.s. baseline Wilcoxon signed-rank: let d=X; —Y;
Hy: F(d) symmetric about p =0
Hy: F(d) symmetric about p >0
p =0.00049,¢ = 0.33
nightly active 21.98% -4.51%
v.s. baseline Wilcoxon signed-rank: let d=X; —Y;
Hy: F(d) symmetric about p =0
H,: F(d) symmetric about p >0
p = 0.00049, ¢ = 0.33
daily baseline 26.53% —
daily passive 25.83% -0.70%
v.s. baseline Wilcoxon signed-rank: let d=X; —-Y;
Hy: F(d) symmetric about p =0
Hy:F(d) symmetric about g >0
p=0.2593
daily active 30.38% 3.85%
v.s. baseline Wilcoxon signed-rank: let d=X;—-Y;
Hy: F(d) symmetric about pu =0
Hy: F(d) symmetric about p >0

p = 0.9998

Table E.7: Hourly proportion of “limited” apps’screen time of total screentime including

null values
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phase mean change
daily|nightly
baseline 26.53%]26.49% 0.10%*

day v.s. night Mann-Whitney U:

p=0.5512

Hy: F(u) = G(u)
Hy:3u: F(u) # G(u)

passive 25.83%121.84%

day v.s. night Mann-Whitney U:

p=0.9323

4.08%*
Hy: F(u) = G(u)
Hy:FJu: F(u) # G(u)

active 30.38%]21.98%

day v.s. night Mann-Whitney U:

» = 0.1600

8.46%*
Hy: F(u) = G(u)
Hy:3Ju: F(u) # G(u)

Table E.8: Hourly proportion of “limited” apps’screen time of total screentime including

null values
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E. TIMELINE ANALYSIS

phase mean change
baseline 57.35% —
passive 56.95% -0.41%
v.s. baseline Wilcoxon signed-rank: let d=X;-Y;
Hy: F(d) symmetric about p =0
H,: F(d) symmetric about pu >0
p = 0.8347
active 56.53% -0.83%
v.s. baseline Wilcoxon signed-rank: let d=X;-Y;
Hy: F(d) symmetric about p =0
H,: F(d) symmetric about pu >0
p=0.3317
nightly baseline 61.77% —
nightly passive 61.85% 0.08%
v.s. baseline Wilcoxon signed-rank: let d=X; —Y;
Hy: F(d) symmetric about p =0
Hy: F(d) symmetric about p >0
p=0.9739
nightly active 57.14% -4.63%
v.s. baseline Wilcoxon signed-rank: let d=X; —Y;
Hy: F(d) symmetric about p =0
H,: F(d) symmetric about p >0
p = 0.00464,c = 0.52
daily baseline 53.51% —
daily passive 53.35% -0.16%
v.s. baseline Wilcoxon signed-rank: let d=X; —-Y;
Hy: F(d) symmetric about p =0
Hy:F(d) symmetric about g >0
p = 0.5452
daily active 56.09% 2.58%
v.s. baseline Wilcoxon signed-rank: let d=X;—-Y;
Hy: F(d) symmetric about pu =0
Hy: F(d) symmetric about p >0

p = 0.9995

Table E.9: Hourly proportion of “limited” apps’screen time of total screentime cleaned

from null values
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phase mean change
daily|nightly
baseline 53.51%(61.77% —13.99%*

day v.s. night

Mann-Whitney U:  Hp: F(u) = G(u)
Hy:3u: F(u) # G(u)
p=0.02842, ¢ = 1.07

passive
day v.s. night

53.35%|61.85% —18.47%*
Mann-Whitney U:  Hy: F(u) = G(u)

Hy:3Ju: F(u) # G(u)
p=0.00291,¢ = 1.36

active
day v.s. night

56.09%]57.14% —2.76%*
Mann-Whitney U:  Hp : F(u) = G(u)

Hy:3Ju: F(u) # G(u)
p = 0.6707

Table E.10: Hourly proportion of “limited” apps’screen time of total screentime cleaned
from null values
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