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Abstract

Long COVID presents a wide variety of symptoms, making it challenging for patients to
understand and manage their condition. Self-reflection enables patients to gain insight
into their situation, allowing them to identify patterns and correlations that could help
them maintain their well-being. However, effective self-reflection depends on the ability
to collect sufficient and relevant data, which can be realized with self-tracking. For long
COVID patients, maintaining motivation to consistently track their symptoms can be
challenging.

Although numerous self-tracking apps are available, few are specifically tailored to the
needs of long COVID patients. This thesis addresses this gap by proposing a design
concept for a self-tracking application specifically for long COVID patients.

A Human Centered Design (HCD) approach is employed, gathering firsthand perspec-
tives from patients, integrating these insights into the app design, and evaluating the
concept with experts. The findings, the resulting design concept and the evaluation
results are presented, providing a foundation for future work in enhancing self-tracking
and self-reflection solutions for long COVID patients.
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1. Introduction

COVID-19 is an infectious disease caused by the SARS-CoV-2 coronavirus, its symptoms
typically lasting from 1 to 14 days. However, for some individuals, the effects of the virus
extend beyond this period, leading to a condition known as long COVID. The World
Health Organization (WHO) defines long COVID as“the continuation or development of
new symptoms three months after the initial SARS-CoV-2 infection, with these symp-
toms lasting for at least two months and with no other explanation.” This condition
can affect individuals regardless of their age or the severity of their initial symptoms
[35, 36].

Long COVID is characterized by persistent symptoms such as “fatigue, breathlessness
and cognitive dysfunction (for example, confusion, forgetfulness, or a lack of mental
focus or clarity)” [35]. Although these conditions are the most common, WHO states
that over 200 different symptoms have been reported, significantly impacting the daily
life of individuals, making it difficult for them to perform activities such as working or
doing household chores [36].

The wide variety of symptoms can make it challenging for patients to understand their
condition and maintain their well-being. In this regard, reflection, specifically self-
reflection is a way for patients to gain insight about their current situation as well
as identify trends and patterns about themselves in the long term [25].

One method with which patients could self-reflect would be by using personal informat-
ics systems to help them collect and explore information about themselves. Li et al.
define personal informatics systems as “those that help people collect personally rele-
vant information for the purpose of self-reflection and gaining self-knowledge” [25]. For
example, patients could input various data, such as symptoms they are experiencing,
physical activities they have done etc. continuously over an extended period of time,
which would then give them the opportunity to observe and analyze their information,
helping them gain insight, understand the implications and find correlations between
certain actions and symptoms. This type of self-reflection with the support of personal
informatics systems provides an advantage over having to rely solely on the memory, as
the memory can often be significantly limited due to factors such as forgetfulness, sleep,
etc. [25].

However, motivating patients suffering from long COVID to engage in self-tracking for
extended periods could be a challenging task.

The APA Dictionary of Psychology defines motivation as “a person’s willingness to exert
physical or mental effort in pursuit of a goal or outcome” and distinguishes between in-
ternal and external motivating factors; intrinsic motivation being“an incentive to engage
in a specific activity that derives from pleasure in the activity itself” and extrinsic moti-
vation being “an external incentive to engage in a specific activity, especially motivation
arising from the expectation of punishment or reward” [10, 9, 8].
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Informed by this situation, this thesis aims to identify strategies to sustain patients’ mo-
tivation for self-tracking, ultimately leading to increased data collection. The motivation
behind this pursuit is based on the idea that more collected data leads to more accurate
insights from the data collected.

1.1. Motivation

Self-tracking and reflection is a promising avenue for individuals to better understand
their health conditions, and identify correlations between different activities and symp-
toms in order to generally track and maintain their well-being.

However, for individuals suffering from long COVID, common symptoms such as headaches,
joint pain and memory and concentration problems could make self-tracking frustrating.
Factors like light and sound, which can easily cause sensitivities, could also make the
interaction with electronic devices (e.g., smartphones, tablets) difficult for these individ-
uals.

For example, individuals experiencing severe headaches may not be comfortable being
exposed to a bright screen or patients with joint pains may not feel comfortable with
larger amounts of typing. In cases like these more suitable methods must be found. For
example, a voice recording option or a short survey could be better solutions for these
patients. Other patients might be triggered from notification sounds reminding them to
keep on top of their tracking or feel overwhelmed if faced with too many questions due
to brain fog or fatigue.

The motivation of this thesis is to understand the factors with which individuals suffering
from long COVID can be motivated to use self-tracking tools for a longer period of time,
resulting in a larger quantity of collected data and thus higher quality results for self-
reflection.

1.2. Research goal and question

The goal of this thesis is to provide ways of motivation that help individuals suffering
from long COVID continue self-tracking as well as to create a tool in which these methods
are implemented. This self-tracking tool will be in the form of a mobile health application
tailored to the needs of long COVID patients. With this tool, users will be able to log
their symptoms along with other variables such as their activity, diet, etc. throughout
their day.

Through the goal of understanding the challenges posed by long COVID and creating
a motivating and effective self-tracking tool for patients to support them during their
recovery journey, the following research question emerges:
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1. How could the design space of a self-tracking app be conceptualized to motivate
users suffering from long COVID to log data often and consistently by enhancing
their self-tracking experience?

Regarding this question, this project aims to identify and implement ways to motivate
patients to track their data for a longer period of time, creating a basis for a better
self-reflection experience which could, in turn, allow patients to identify correlations in
order to better understand their disease (cause-and-effect1) and helping them maintain
their well-being.

The research will contribute towards answering this question by providing insights into
how to design effective self-tracking applications that can support long-term engagement
and motivation, while the thesis itself focuses on creating a user interface that provides a
reasonable self-tracking experience, tailored to long COVID patients’ needs, motivating
them to continue frequently tracking their data.

The visualization of the collected data will not be included in the scope of the thesis,
however, can be added in future work to introduce the element of self-reflection. Addi-
tionally, the thesis will focus on developing a user interface tailored for patients; however,
future work could include interfaces for doctors and other healthcare professionals.

1.3. Research approach and methodology

The thesis followed the Human Centered Design (HCD) approach, prioritizing the re-
quests and requirements of long COVID patients to ensure a result that met their needs
both functionally and emotionally. The project was structured around the following
phases of HCD: Vision, Analyze, Design for usability, Construct and deploy, Evaluation
in context, and Feedback.

In the Vision phase, relevant literature was reviewed as preliminary research. This was
followed by the Analyze phase, which involved analyzing existing apps and conducting
user interviews to gather insights into the patient perspective.

In the Design for usability phase, a low-fidelity prototype was created based on the
insights from the previous phase. Interactive elements were then added to the prototype
to achieve a high-fidelity prototype. In the Construct and Deploy phase, this prototype
was translated into a native mobile app.

In the Evaluation in context phase, interviews were conducted with two experts to eval-
uate the effectiveness of the design concept and identify areas for improvement. Finally,
in the Feedback phase, the findings and possible future improvements were discussed.

The following sections elaborate on each phase, offering a more detailed explanation of
the methods and steps involved.

1“a relationship between actions or events such that one or more are the result of the other or others”
[17].
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1.3.1. Vision

The Vision phase focused on conducting preliminary literature research to establish a
solid foundation for the thesis. The research concentrated on keywords such as per-
sonal informatics, self- and health-tracking, and self-reflection, which provided essential
insights into the technical and conceptual aspects necessary for the development of the
thesis.

1.3.2. Analyze

The Analysis phase focused on understanding the needs of long COVID patients to guide
the app design.

A comprehensive app analysis was first conducted, involving the selection and testing
of a group of self-tracking apps over several weeks. This evaluation concentrated on
usability, features, and data input methods, with a particular focus on how each app
handled data input.

Following this, user interviews were conducted to gather direct feedback from individuals
suffering from long COVID. The data from these interviews was analyzed thematically
to extract relevant insights and requirements for the app design.

1.3.3. Design for usability

The Design phase focused on developing a solution to enhance the data entry process
while supporting efficient data collection.

The design was created in Figma and consisted of three main components: an onboarding
process, a daily data entry interface, and a settings system. The onboarding process
allows users to personalize their tracking by entering frequent symptoms, activities, and
other relevant factors. The daily data entry interface facilitates easy recording of data
through intuitive controls, such as sliders and a searchable medication database. The
settings system enables users to adjust their tracking preferences.

At the end of the Design phase, interactive elements were added to the low-fidelity
prototype, resulting in a click dummy ready for implementation and evaluation.

1.3.4. Construct and deploy (Implementation)

The Implementation phase focused on developing the design concept into a native mobile
app. The app was built using TypeScript and React Native. Tamagui was used for the
UI design, facilitating alignment with design specifications. SQLite was used for local
data storage to enhance privacy and ensure compliance with DiGA guidelines.
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1.3.5. Evaluation in context

For the Evaluation phase, two expert interviews were conducted to assess the design
concept of the app.

The experts interacted with the clickable prototype, completing specific tasks related
to the onboarding process, daily data entry, and settings. This provided them with a
walkthrough of the app, giving the opportunity to share their feedback throughout the
process.

The feedback from these expert interviews was then analyzed, and a final design concept
was presented based on their insights.

1.3.6. Feedback

The Feedback phase focused on discussing the findings and exploring possible future
improvements.
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2. Theoretical Background

The Federal Ministry of Health in Germany (BMG - in German: Bundesministerium
f•ur Gesundheit) explains that some individuals may experience signi�cant health issues
that persist for weeks, months, or even years, after a SARS-CoV-2 infection and these
long-term e�ects are known as long COVID. They state that long COVID is not a
single, uniform disease but rather a range of di�erent long-term health problems, with
symptoms that can a�ect various organ systems, vary greatly in intensity and duration,
change over time, and are often di�cult to di�erentiate from other health conditions
[15].

It is likely that the amount and diversity of the symptoms associated with long COVID
could pose challenges for patients a�ected by the condition, making it di�cult for them
to understand their condition and e�ectively treat its symptoms, likely adding to their
experience of feeling overwhelmed and distressed.

The mobile health application created as a part of this thesis aims to help patients keep
track of their symptoms by giving them the opportunity to log these easily. The goal
is to create an application with which patients collect as much data as possible, whilst
creating the opportunity for the application to be improved in further work, allowing
patients to self-re
ect on this data. The following scenario exempli�es the potential
bene�ts of the proposed mobile health application within this thesis, by providing a
contextual understanding of its practical implementation.

Scenario: Patient A has been diagnosed with long COVID after su�ering
from a long list of symptoms such as shortness of breath, palpitations, muscle
pain, fatigue, headaches and brain fog. The symptoms are di�cult to keep
track of and patient A feels overwhelmed. The goal is to give patient A
an application in which they can add and log their symptoms throughout
their day. Patient A can wake up and enter the quality of their sleep in
the app. They can log the activities they are doing throughout the day, the
food they have been eating or the medications they have taken. If they are
experiencing a headache in the evening they can log this as well, along with
the severity of the headache. The information gathered in the app can later
on be made visible for patient A to look back at in the form of various graphs
and charts, enabling them to identify possible correlations between activities
and symptoms. For example, maybe they do not log any symptoms after
walking but they often log a headache after jogging or after taking a certain
medication for their headache they are left feeling fatigued. Such correlations
could support patient A in forming a lifestyle in which they can maintain their
well-being as well as help them express what they are going through, also
supporting the communication between them and their healthcare workers.

In the given scenario, the accuracy and reliability of the data that can be visualized is
dependent on the patients consistent tracking of their symptoms and activities. It is
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therefore of great importance to investigate how to motivate patients to sustain their
tracking e�orts over an extended period of time.

This problem is considered within the research question (see subsection 1.2), aiming to
explore means to promote frequent and consistent tracking as well as to identify design
principles which will enhance the user experience and make the tracking process as
comfortable and user-friendly as possible.
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3. Related Work

Li et al. [25] de�ne personal informatics systems as systems \that help people collect per-
sonally relevant information for the purpose of self-re
ection and gaining self-knowledge."
They state that \e�ective personal informatics systems help users collect the necessary
personal information for insightful re
ection." Li et al. conduct a survey with a number
of people who already self-tracked in some way and inspect the tools the participants
were using, how often they used these tools, di�erent issues they faced and ask them for
suggestions to improve the process. As a result Li et al. introduce a \stage-based model
of personal informatics" which consists of �ve stages:

1. the preparation stage, where users decide on what information they would like to
collect and what tools they will be using;

2. the collection stage, where users collect the data;

3. the integration stage, where the data is prepared for re
ection;

4. the re
ection stage, where the users review and re
ect on their data and

5. the action stage, where users can decide what they would like to do with the
information they have learned about themselves.

Based on this model, Li et al. note that issues users face in one stage can a�ect the
stages that come afterwards. They also point out the di�erence between user-driven and
system-driven stages and emphasize the importance of the balance between the two. Li
et al. also state that personal informatics systems can be either uni-faceted or multi-
faceted, depending on how many facets they concentrate on, and note that many of their
participants wished to see connections between multiple facets of their lives.

Rooksby et al.'s approach [29] also stems from the previously mentioned �eld of personal
informatics, however, this approach concentrates on lived experiences, which is not men-
tioned in the work of Li et al. Rooksby et al. conduct interviews with a number of people
in order to understand \what people want, do and experience when using personal track-
ers". They describe their observations by introducing the term \lived informatics" and
explain that the term \is meant to mean just that people are using information and
�nding its meaning in their day-to day-lives". Based on their �ndings Rooksby et al.
note the importance of understanding that people might not always be rational or logical
with their tracking choices and that it is therefore important to design technologies so
that di�erent trackers can be interwoven. They also note that it is important to remem-
ber that personal tracking is \enmeshed with everyday life and people's outlook on their
future."

Likewise, Epstein et al. [18] de�ne personal informatics as collecting and re
ecting on
personal information. They reiterate the term \lived informatics", previously introduced
by Rooksby et al., de�ning this as a type of personal informatics that goes beyond goal-
driven tracking and is more a part of everyday life, in which people are driven to track
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their data out of curiosity and interest. Epstein et al. expand upon prior work, after
conducting a number of surveys and interviews with people who self-track data in the
areas of physical activity, �nances and location in order to understand the reason speci�c
tools are chosen by users, the reason these tools are sometimes changed and the reason
users sometimes quit self-tracking, o�ering a revised model of personal informatics. In
this model, Epstein et al. divide Li et al.'s preparation stage into \deciding" and \se-
lecting". Epstein et al. also reiterate the stages of collection, integration, and re
ection
de�ned by Li et al. and suggest \tracking and acting", stating the idea that these pro-
cesses often happen simultaneously. Epstein et al. �nd that users can be motivated to
engage in self-tracking in order to change their behavior, receive rewards or engage in
social interaction, or in order to view their data from a di�erent perspective.

Expanding on Li et al.'s [25] preparation stage and Epstein et al.'s [18] selection process,
Lee et al. [24] investigate how individuals select self-tracking apps and how technology
can facilitate this process. Lee et al. conduct a comprehensive review of personal in-
formatics literature to explore the factors individuals typically consider important when
using self-tracking tools. As a result, they identify seven key factors that are considered:
data collected, feedback provided, goal-setting capabilities, privacy, social opportunities,
style, and convenience. Lee et al. note that the interviews conducted as part of their re-
search con�rmed the identi�ed factors, along with further factors such as the reputation
of the app, developer support, and cost.

In addition to the aforementioned studies, it is essential to understand the underlying
motivations driving individuals' interactions. Edward L. Deci and Richard M. Ryan
de�ne motivation as \what `moves' people to action," and state that theories of motiva-
tion focus on what energizes and gives direction to behavior. They explain that various
theories of motivation in experimental psychology have tried to predict learning, perfor-
mance, and behavior change and critique that these theories usually view motivation as
a \unitary entity", focusing more on the amount of motivation rather than the di�erent
types, qualities, or orientations [30].

Building on this foundation, Deci and Ryan introduce the Self-Determination Theory
(SDT), a theory grounded in empirical research that explores human motivation, develop-
ment, and wellness. SDT distinguishes between di�erent types of motivation|autonomous,
controlled, and amotivation|and their roles in predicting performance, relational, and
well-being outcomes. The theory also identi�es autonomy, competence, and relatedness
as three essential psychological needs, stating that the degree to which these needs are
ful�lled in
uences both the type and strength of motivation [30].

By examining di�erent aspects of how individuals collect, re
ect on, and use personal
information in their lives, as well as the underlying motivations and psychological as-
pects driving these behaviors, these approaches provide valuable insight into personal
informatics as well as into motivation and serve as a guide for this thesis.
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4. Methodology

In light of the Human-Centered Design approach, this part of the thesis incorporated
the following phases: Analyze, Design, Implementation, and Evaluation.

The Analyze phase aimed to understand the perspective of the patients. The insights
gathered in this phase were then used in the Design phase to create a design concept
tailored to the requirements of the patients. In the Implementation phase, a native
mobile app was developed based on the design concept. Finally, the Evaluation phase
focused on gathering expert feedback to re�ne the design concept.

The following sections will describe these phases, detailing the processes and the methods
employed.

4.1. Engaging in the patient perspective

To create a design concept that speci�cally met the needs of long COVID patients,
gaining a deep understanding of their experiences and requirements was essential. This
was achieved through two methods of data collection:

1. an app analysisof existing apps in this and similar �elds and

2. user interviews with individuals su�ering from long COVID.

4.1.1. Preliminary measures

Before conducting the user interviews, a preliminary app analysis was conducted, with a
group of apps that enable the self-tracking of symptoms and further data. This analysis
aimed to gain insights into the apps currently used by patients and to understand how
these apps handle various aspects of the self-tracking process. Although the initial aim
was to choose apps from the digital health applications directory [19] (DiGA { in German:
`Digitale Gesundheitsanwendungen'), it was found that not only were there few to no
apps speci�cally for long COVID in the directory, but most of the apps listed required an
access code from one's health insurance. Therefore, the apps were instead selected from
the Apple App Store. The keywords used for the search were \long covid", \symptom
tracker", and \self-tracking".

During this search, it was found that many apps that appeared in the searches with the
keyword \long covid" were, in fact, generalized to work for many di�erent conditions
where self-tracking could be bene�cial. The limitations of this regarding long COVID
patients will be discussed further on in the app analysis.

Ultimately, the following 9 apps were chosen for the app analysis:

ˆ Long-Covid Tagebuch [28]
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ˆ INSELhealth - co�t [32]

ˆ Altea Care [26]

ˆ Visible: Long Covid & ME/CFS [34]

ˆ Bearable - Symptom Tracker [12]

ˆ Guava: Health Tracker [22]

ˆ Symptom Tracker° [16]

ˆ Symptom Tracker - OpenCare [23]

ˆ Symptom Tracker [7]

One app that could not be included in the list although it met all the criteria was the
Fimo Health App [20]. This app also required an access code from one of its partnering
health insurances. Fortunately, insights into its functionalities could be obtained from a
patient who had previously used the app.

Each app was set up and then tested with a randomized set of symptoms over a period
of a few weeks. For apps requiring paid access, testing was limited to the duration of
their free trial phases. During this period, the usability, features, and potential issues of
the apps were observed, particularly focusing on the data input methods.

While testing the apps, it became clear that the method by which data is collected greatly
a�ects how it can be visualized, with di�erent visualization methods requiring di�erent
types of data collection. This interdependence made it important to also analyze the
data visualization features of the apps.

During the testing phase, several tables were created for each app. The main table
detailed the di�erent factors that the apps tracked, how these factors were categorized
and what data entry methods were used to collect the data in each of these categories.
Another table displayed the data visualization, and another the pros and cons of certain
features as well as notes on the design aspects. These tables were then analyzed and
the most important information combined into two main tables, Figure 1 and Figure 2,
serving an overview in identifying the various approaches adopted for self-tracking and
to support self-management for long COVID patients.

Figure 1 presents a feature matrix, outlining the data entry methods used by di�er-
ent apps. The matrix containing a list of common categories that were tracked over
many apps (Trackable Categories), detailing how data is entered for these categories and
whether the apps track additional categories beyond those listed. The matrix also shows
if custom data entries are possible (Custom).

Figure 2 presents an overview of the data visualization features of the apps, as well as
further notes such as certain pros and cons and details about the user interface and user
experience (UI/UX).
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Figure 1: App Analysis: Data Entry
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Figure 2: App Analysis: Data Visualization and General Factors

The app analysis provided several insights into self-tracking solutions for long COVID
patients, as well as more generalized apps with broader target groups. The apps o�ered
a range of factors to track beyond symptoms, including activity, sleep, medications, and
food, however, the speci�c factors varied among apps, with some covering more aspects
than others. This highlighted the need to identify which factors are most relevant for
long COVID patients.

Many apps appeared visually overwhelming due to the extensive amount of data they
aimed to collect or the amount of information presented on a single screen. This raised
concern about the optimal amount of information long COVID patients would be com-
fortable viewing at once. Particularly, apps that were not speci�cally tailored to long
COVID patients often included either a very extensive list of symptoms or no prede�ned
symptoms at all, which could both be overwhelming. Apps that categorized symptoms
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and allowed custom entries for symptoms that weren't listed generally seemed to o�er a
more user-friendly experience.

Although several apps featured various graphical representations of the collected data,
the depth of visualization seemed generally limited, with most o�ering only line or bar
charts of a single factor at a time. The apps that included data comparison features often
presented these as charts placed side-by-side or stacked. The apps that collected data
via text boxes seemed to provide fewer options for data visualization, the data entered
as free text often not being available in the visualizations. Data entry features allowing
users to click on previous entries could enhance usability by facilitating recognition of
repeat entries.

Additionally, while many apps allowed users to review data entered in the past, navi-
gation between dates was often rather di�cult, typically limited to horizontal scrolling
through dates shown at the top of the screen or horizontal or vertical scrolling through
entries. Apps that incorporated a calendar for date navigation o�ered a more user-
friendly experience. Lastly, a few of the apps that focused speci�cally on long COVID
provided additional information about the condition, including articles, blog posts, re-
search papers, and podcasts, which could be valuable for users seeking information.

4.1.2. Participant recruitment for user interviews

For the recruitment of interviewees, a multifaceted approach was undertaken with the
goal of achieving broad outreach as well as diversity in the participants for a better
understanding of the requirements of long COVID patients.

In the �rst instance, a 
yer was created detailing the thesis objectives and the inter-
view process. The 
yer included information about the thesis, the research goals, the
target participants and their relevance, the interview format, and contact details. The

yer served as a primary communication tool to inform potential participants about the
research (see Appendix A).

Then, the NAKOS (Nationale Kontakt- und Informationsstelle zur Anregung und Unter-
st•utzung von Selbsthilfegruppen) database [27] was used to identify the self-help groups
in Germany that were speci�cally for individuals su�ering from long COVID. The search
yielded 228 long COVID self-help groups in Germany, including 14 located in Berlin. All
identi�ed groups in Berlin were contacted via email, followed by a random selection of
30 additional groups across Germany. The 
yer was attached to the emails to facilitate
easy distribution among group members.

Additionally, physical copies of the 
yer were placed on information boards across the
main campus of Freie Universit•at Berlin. These boards were selected for their high
visibility among diverse university members and visitors.

The 
yer was also shared with personal contacts who knew of people su�ering from long
COVID for further distribution.
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Out of 44 self-help groups that were contacted, 13 responses were received, with 10
groups agreeing to share the information with their members. Four individuals from
these groups reached out, expressing interest in participating.

Three further individuals, who had been contacted through personal contacts, also ex-
pressed interest.

Some interviewees kindly o�ered to share the 
yers with personal contacts or groups
they were involved in, during their interviews. These yielded two more individuals who
were interested in the interviews.

In the end, the search was concluded with a total of nine individuals who had expressed
interest. Despite this initial number, only three interviews were successfully conducted,
primarily due to personal circumstances such as health-related issues and scheduling
con
icts, as well as a lack of responses from some participants. Additionally, one partic-
ipant (P4), with whom an interview could not be conducted, provided a comprehensive
email addressing the interview questions. This response was considered equivalent to an
interview, bringing the total number of participants to four.

4.1.3. Conducting the interviews

Pilot interview Before the �rst interview was conducted, a pilot interview took place
with a volunteer who had not been formally diagnosed with long COVID but experienced
potential symptoms. This person was considered a suitable candidate to gain initial
insights into the clarity and e�cacy of the interview questions.

The pilot interview served as a valuable practice session, ensuring a smoother execution
of the subsequent interviews.

User interviews Prior to each interview, participants were given a consent form to
con�rm their permission for the interviews to be recorded and their feedback to be used
in the thesis (see Appendix B).

The interviews were conducted either face-to-face or via telephone, based on the prefer-
ences of the participants and the logistical feasibility. All participants demonstrated a
high level of openness in their responses to the questions. Each interview lasted approx-
imately one hour and was recorded using the iOS Voice Memos app [11].

The interviews were conducted in a semi-structured format, aiming to balance structure
and 
exibility. The approach enabled the inclusion of follow-up questions, improving
the understanding of the participants' responses while adhering to a structured set of
questions (see Appendix C) for easier comparison of the answers.

The interviews covered various topics such as demographic information, the participants'
symptoms and how they manage these, their previous and current self-tracking practices,
and their requirements from a self-tracking app. Emphasis was especially placed on their
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speci�c requests and requirements regarding data entry in the app, as well as the factors
to enhance their motivation for regular data tracking.

The following table presents an overview of the user pro�les from the interviews, includ-
ing participants' age, long COVID symptoms, and their current (or past, if not currently
self-tracking) self-tracking tools. This data serves as an introduction to the participant
group before their requirements are presented.

Participant P1 Participant P2 Participant P3 Participant P4
Age 60 years old 31 years old 35 years old Nearly 40

Long COVID
since

July 2022 August 2022 October 2022 1.5 years

Symptoms - Fatigue,
- Sleeping
problems,
- Lack of
strength,

- Low lung
capacity,

- Heart pain,
- Chest pain,
- Joint pain

during exertion,
- Di�culties
concerning
short-term
memory,

- Concentration
di�culties,

-
Comprehension

problems,
- Headaches

- Fatigue,
- Palpitations,
- Muscle pain,

- Twitching and
tingling in the
arms and legs,
- Headaches

- Fatigue,
- Concentration

di�culties,
- Disorientation,

- High pulse
(when

standing),
- Especially

after exertion:
Cardiovascular

problems,
Muscle pain,

Sleep
disturbances,
Night sweats

- Fatigue,
- PEM

(Post-exertional
malaise)

Current
self-tracking
method/tool

Garmin's
Connect App

[21]

Visible App [34] currently none
(before: Fimo
Health [20])

N/A

Table 1: User Pro�les

4.1.4. Analyzing the collected data

The audio �les from the interviews were transcribed using the Aiko app [31]. For privacy
reasons, each transcript was anonymized and assigned an identi�er: P1, P2, P3, and P4,
enabling individual contributions to be tracked without compromising privacy. The
original voice recordings were then deleted in accordance with the consent form given to
the participants.
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The qualitative data collected was analyzed to derive insights and application require-
ments relevant to the thesis. In this regard, a thematic analysis, as outlined by Braun
and Clarke [14], was attempted.

To begin with the analysis, the formatted and anonymized transcripts were uploaded
into MAXQDA [33], an analysis software for qualitative data.

Then, a preliminary set of codes, based on relevant keywords and factors, were decided
on and each transcript was reviewed, coding the relevant data segments using these
prede�ned codes. The preliminary set of codes were as follows:

ˆ Physical Barriers

ˆ Psychological Barriers

ˆ Technological Barriers

ˆ Past Tracking Experiences

ˆ Positive Reactions

ˆ Negative Reactions

ˆ Intrinsic Motivation

ˆ Extrinsic Motivation

ˆ Gaining insights from data

ˆ Feature Requests

ˆ Ease of use

After coding all four interviews, the next phase involved organizing the codes into broader
categories referred to as themes. This process provided a clearer view of the main
patterns and relationships within the data. During this phase, it became apparent that
some codes needed to be more speci�c. As a result, in addition to categorizing the codes
into themes, subcategories were created for some codes, leading to the re�nement of
these codes into more detailed themes. An overview of the �nalized code system can be
seen in Figure 3.

Once the codes and themes were �nalized, various maps were generated in MAXQDA
(see Figures 3, 4, 5), o�ering visual representations of di�erent relationships between the
data. These maps supported the analysis process by highlighting di�erent connections
and intersections within the data.
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Figure 3: Code-Relations-Browser

The code-relations-browser in Figure 3 provides a visual representation of the co-occurrences
of codes, allowing for the identi�cation of the codes that are most strongly linked to each
other. For example, it is observable that Feature Requests were most linked to Gaining
Insights from Data, Ease of Use, Tracking E�ort and Support Systems, allowing the
following conclusions to be drawn:

ˆ The app must allow users to gain insights from their data (Gaining Insights from
Data).

ˆ The app must enable the suitable tracking of various symptoms and other factors,
such as activities and medications (Trackable Datasets).

ˆ The app must be easy to use (Ease of Use and Tracking E�ort).

ˆ The app must support users in managing their condition (Support Systems).

The strong connection of these factors with Feature Requests indicates that a key mo-
tivating factor for users is having all necessary functions integrated within the app in a
user-friendly manner.
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Figure 4: Feature Requests: Most Frequent Code Relations

The visualization of the code relationships in Figure 4 within the theme Feature Requests
also supports this conclusion.

Figure 5: Code Map

The code map in Figure 5 o�ers an overview of the relationships between di�erent
factors, providing useful insights for conclusions. Di�erent themes are shown as nodes,
with their size indicating the frequency of their occurrence throughout the data. The
connecting lines represent the relationships between the codes. The codes are clustered
based on their similarity, revealing color-coded groups that highlight various aspects of
the analysis.
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For example, the blue cluster at the top of the map includes codes like \Tracking E�ort"
and \Ease of Use," focusing on aspects of usability and design. This cluster could be
titled \User Experience". The yellow cluster on the right side of the map includes codes
that address negative aspects, such as barriers users mentioned and factors a�ecting their
trust in data. The purple cluster below includes codes that emphasize positive aspects,
such as incentives and goals. Together, these two clusters represent the positive and
negative factors impacting user behavior and could be titled \Motivation" or \Motivating
and De-motivating Factors". The pink cluster at the bottom of the map focuses on self-
tracking and data visualization aspects of the data and could be titled \Goals".

The code \Feature Requests" stands out as a signi�cant cluster on its own, with the
size of the node representing its importance in the research. This cluster is heavily
interconnected with all the other clusters, indicating that user requests are in
uenced
by all the aforementioned factors.

Finally, the insights gained from the visualizations were used to gather �ndings from the
interviews and to create a list of functional and non-functional requirements.

4.1.5. Deriving the requirements of the patients

Despite the limited number of participants, this data collection method proved successful
in gathering �rsthand perspectives from individuals a�ected by long COVID, allowing
the identi�cation of design features and functions that would support them in their
self-tracking endeavors.

The following Figure 6 presents a table displaying the factors that the users expressed a
desire to track in a self-tracking app, to explore potential causal relationships between
their symptoms and the rest of the factors. The table aims to create a weighting system
using plus signs (+) to represent the number of users who mentioned each factor. This
system was used to prioritize the factors, ensuring that the most frequently mentioned
factors were addressed in this thesis. Regarding this, the main factors that were included
in the thesis were Symptoms, Activities, Medications & supplements, and Dietary in-
take. Stress was also added. Tracking of the menstrual cycle was excluded due to the
complexity of this factor.
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Figure 6: Factors to Track

The following tables 2 & 3 provide an overview of the functional and non-functional
requirements derived from the analysis.

ID Requirement
FR01 Users can choose their symptoms from a list.
FR02 Users can enter custom symptoms.
FR03 Users can enter the severity of the symptom using a scale with enough levels to choose

from.
FR04 The severity of each symptom is entered separately (to avoid unnecessary scrolling).
FR05 The next symptom appears immediately after the previous severity is entered (to

avoid unnecessary clicks).
FR06 Data from the previous day is available when entering the symptom severity.
FR07 Users can add and remove symptoms they track at any time.
FR08 Users can choose their activities from a list.
FR09 Users can add custom activity options.
FR10 Activities are entered in a way that allows di�erentiation for data visualization (ac-

tivities are not entered as free text).
FR11 Users can add and remove activities they track at any time.
FR12 Users can log their medications and supplements.
FR13 Users can add notes to medications/supplements (e.g., reason for taking, e�ects).
FR14 Users can see start and end dates in data visualization.
FR15 Users can record details about their dietary intake, such as foods or food groups (e.g.,

foods high in histamine, low-in
ammatory foods).
FR16 Users can record stress levels.
FR17 Users can add a note related to their stress levels (e.g., reason).
FR18 Users have the 
exibility to choose which factors they want to track.
FR19 Users can mark speci�c days with an indicator and add notes to highlight that these

days should be viewed di�erently from others.
FR20 Users can use voice dictation for text input where text is required.

Table 2: Functional Requirements
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ID Requirement
NFR01 The app is designed to be as simple as possible to use, minimizing complexity in both

design and interaction.
NFR02 The app is in dark mode or o�ers a range of customizable color themes.
NFR03 The app is designed to reduce the amount of typing required, favoring simple clicks

where possible.
NFR04 The app avoids unnecessary scrolling and movement.
NFR05 The app provides users with a sense of personalization.
NFR06 The app rewards users for activities and behaviors that contribute positively to their

well-being (rather than rewarding potentially counterproductive actions like excessive
activity).

NFR07 The app supports users in maintaining a positive outlook.

Table 3: Non-Functional Requirements

These requirements are presented in a detailed manner below. User quotes drawn from
the codes identi�ed during the analysis have been incorporated throughout the explana-
tion, o�ering direct insight into the feedback that shaped the requirements.

The patients highlighted several functional requirements for the app, drawing on their
previous self-tracking experiences as well as their broader expectations and their needs
for such a tool.

Regarding symptom tracking, patients emphasized the need for the app to allow symp-
tom selection from a prede�ned list (FR01) and provide the option to enter custom
symptoms (FR02), allowing typing to be reduced and ensuring that any missing symp-
toms could be added manually by the patients. When discussing the method for entering
symptom severity, all patients who expressed a preference indicated that they would like
a severity scale. Some patients also highlighted the importance of having su�cient levels
on the scale to accurately re
ect the intensity of their symptoms (FR03). P3 noted,
\I would �nd a scale for selection useful. I think it shouldn't have too few steps. For
example, with FimoHealth, at one point it was reduced to �ve steps, which I found too
few. The intervals felt too large to actually see changes, as the changes for me, at least,
are not that signi�cant. I think smaller intervals would be better."

In addition to the severity scale, patients stressed the importance of streamlining symp-
tom data entry to avoid overwhelming them. Several patients mentioned the need to
minimize unnecessary scrolling, P3 providing positive feedback on entering symptoms
sequentially, stating, \So it was really like, you were guided through it, you didn't have to
do much yourself, and there was always only one thing on the screen at a time, which was
not overwhelming" (FR04). P3 also emphasized the need for the app to automatically
proceed to the next symptom after entering the severity of the previous one, minimizing
unnecessary clicks (FR05), adding,\And otherwise, I think there shouldn't be too many
clicks. It's enough to just tap the scale and move on. I don't need to con�rm it again if
it's always just one thing, and it should also be large enough."
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Another requirement was for the app to provide users with the option to view data
from the previous day when entering current symptom severity (FR06), aiding users in
comparing their current state with the previous day. P2 found this feature bene�cial in
another app, stating, \I also always use the `copy data from yesterday' setting. It helps
me see how I felt yesterday and how I feel today in comparison. I then adjust it based
on how I feel today. I �nd this quite useful as a reminder."

Lastly, patients requested the ability to add or remove symptoms as their condition and
tracking needs evolves over time (FR07), P3 explaining,\But it would also be good if
you could gradually adjust the app as your condition changes. For example, if you could
remove symptoms you no longer have, so you're not asked about them every day, that
would also make it shorter again."

In terms of tracking activities, patients emphasized the importance of being able to enter
activities in a manner that allows for di�erentiation in data visualization (FR08, FR09,
FR10), P3 explaining, \In the last app, I could only write down what I did during the
day in words or click on activities that I did that day, like whether I went for a walk or
not. But even then, it didn't work to display this in a chart."

When tracking medications and supplements, patients highlighted the need to record
these entries (FR12) and to add notes regarding their purpose or e�ects (FR13), P3
remarking, \Especially with medications and dietary supplements, these are things I'm
constantly experimenting with. There are so many recommendations and ideas, and
trying everything at once doesn't make sense. That's why I try one thing after another,
but you can't remember everything. I would like to be able to store more information
about this." Additionally, patients expressed the desire to see when they had started and
ended taking medications or supplements in data visualizations (FR14), P3 exlaining,
\I also had medications in the FimoHealth app, which I found only somewhat useful. It
didn't help me much because I couldn't make any notes about the medications, and I also
couldn't see the time periods during which I took them in the graphs. That would have
been helpful too."

For dietary intake, many patients expressed interest in recording information about
their food consumption, including speci�c categories such as high-histamine or low-
in
ammatory foods (FR15). They noted that such details could signi�cantly impact
their symptoms and expressed a desire for better insights into these e�ects, P1 stating,
\... it would be best to also enter what you've eaten, because a lot is related to food...
And there are all these mast cell issues and, what are they called, the ones you can't
tolerate, like histamine and anti-in
ammatory diets, and so on. It would be helpful to
know if, for instance, eating a lot of paprika could potentially have an e�ect,"and P4
further noting, \Many of us try out di�erent diets (low histamine, anti-in
ammatory)
and/or dietary supplements; perhaps there are people who would like to keep track of
such experiments."

Regarding stress, one participant (P3) expressed desire to record stress levels (FR16),
stating, \Yes, stress. Stress might be useful, provided it's not included with the symptoms.
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Perhaps stress could be tracked using a separate scale,"additionally suggesting that the
ability to add notes related to stress would be bene�cial (FR17), explaining,\... a note
would be useful there because there are di�erent types of stress. ... And perhaps to �rst
determine whether all stress is problematic or only certain types, more data collection
might be needed."

In general, patients emphasized the need for 
exibility in selecting which factors to track
(FR18), P2 expressing,\I think that would be too much for me, and I'm not sure if
the e�ort would be worth it." There was also a desire to mark signi�cant days with
indicators and add notes to highlight special events (FR19), P3 explaining,\... for very
special events, such as those that led to a crash, I would like to have something like a
star or a marker to indicate that it was truly signi�cant." Lastly, patients highlighted
the usefulness of voice dictation for text input (FR20), P1 remarking, \... enter little
text, but especially on the phone, who likes to type? ... Or dictation, I do it quite often
now, and I have to say it has gotten quite good."

When discussing usability, patients highlighted the signi�cance of both visual and func-
tional simplicity in the app. They stated several non-functional requirements, including
the need for design customization, reduced typing, and minimized scrolling.

Patients expressed the requirement for the app to be as simple as possible to use, mini-
mizing complexity in both design and interaction (NFR01), P2 noting, \... rather simple
and clear," when asked about their expectations regarding usability. All patients who
were asked expressed a preference for a dark mode, with some suggesting the addition
of a range of color themes to choose from (NFR02). P3 stated,\... one can either
individually adjust the color scheme or generally keep it a bit darker."

Patients also stressed the importance of reducing the amount of typing required by the
app, favoring simple clicks where possible (NFR03). Regarding this, P1 stated,\... it
would be easy, if I didn't have to type."P3 similarly noted, \... not having to write
something every time ... being able to handle much of it just by clicking,"and added,
\... also not too many clicks, it's enough if you just tap the scale and then it continues
right away."

As previously mentioned during the functional requirements, the need to avoid unneces-
sary scrolling and movement was expressed (NFR04), P3 suggesting,\I would leave un-
necessary movement out,"and P4 explaining, \Animation/movement: Preferably none.
Quick movements are a problem. (Quick cuts, shaky things, and similar issues). Another
problem: scrolling down quickly (I close my eyes/look away while doing it)."

During the interviews, it became clear that motivational factors such as gami�cation
did not resonate with all the participants. Instead, they were more motivated by an
app tailored to their speci�c needs, which simpli�ed and supported their self-tracking
e�orts. Many patients highlighted the value of personalization as an important factor in
enhancing their experience, alongside positive reinforcement and support for maintaining
a positive outlook.
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Patients highlighted the need for the app to provide a sense of personalization (NFR05),
P2 stating, \Being reminded that the long-term will give me something, I think that's a
good aspect ... I think it has to be done cleverly so that it doesn't get boring. That it
should be a bit more personal, so that you know it's not the same thing every day, but the
app says, `Hey, you've already reached 100 days, awesome.'"Similarly, P3 noted, \And
otherwise, in terms of motivation, especially for the cognitive aspects, as I said, it has
to be as simple as possible. Yes. And it cannot be overwhelming, but it still needs to be
personally tailored."

Patients also mentioned that the app could incorporate rewards, emphasizing the need
for these rewards to positively contribute to their well-being rather than rewarding po-
tentially counterproductive behaviors, such as excessive activity (NFR06). P3 explained,
\With these apps, there's sometimes the problem that you can't really reward yourself for
doing more. For example, you can't reward me like my �tness watch does, for taking more
steps today than yesterday. That's not the motivation I need because it would push me
beyond my goals, which I actually, I mean push me beyond my limits, which I avoid."

Additionally, many patients expressed a desire for support in maintaining a positive out-
look (NFR07), P3 stating, \Focusing on something nice is always a good idea, especially
with this condition."

4.2. Designing the prototype

The primary objective of this thesis was to propose a design concept for the data entry
aspect of a self-tracking app tailored to the needs of long COVID patients. The design
needed to ful�ll user requirements to encourage users to consistently track their data,
while also serve as an e�ective data collection tool in order to provide a richer dataset
for visualization.

Based on the identi�ed requirements, it was determined that, in addition to the main
component of daily data entry, two supplementary components would be essential: an
onboarding process and a settings interface. These components were crucial for simpli-
fying and optimizing the daily data entry experience. The onboarding process allows
users to input consistent information, including daily symptoms, frequent activities, and
medications taken regularly. The settings interface provides the functionality to add or
remove tracked data and factors. Integration of the onboarding data and the modi�ca-
tions in the settings into the daily data entry allows for a more e�cient and user-friendly
data logging experience.

In the proposed design, the app features the following tabs:

ˆ A tab for viewing daily data (referred to as \Home")

ˆ A tab for visualizing data

ˆ A tab for accessing community features such as information and forums
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ˆ And a tab for con�guring the settings (referred to as \Settings")

For the scope of this thesis; however, focus was solely set on the design of the data entry,
onboarding, and settings components. The other tabs were included as placeholders.

The app prototype was developed using the Figma prototyping tool.

In accordance with the user requirements, a dark mode was implemented. A blend of
blues and purples were chosen for the color scheme, avoiding high-contrast colors and
instead using pastel shades for lighter tones and muted colors for darker tones to ensure
visual comfort.

The following section introduces the app designs in a speci�c sequence: starting with the
onboarding process, followed by daily data entry, and the settings. This order intends
to provide a coherent walkthrough of the app, re
ecting a typical user journey.

4.2.1. Low-�delity prototype

Onboarding The onboarding process enables users to personalize their tracking pref-
erences, aiming to tailor the app experience as closely as possible to their individual
needs.

In the �rst step of the onboarding process, users are asked to select their symptoms. This
process was divided into two pages during onboarding to minimize user overwhelm.

On the �rst page, users select categories relevant to their symptoms. This acts as a
�lter in the next view, removing the symptoms from the categories they did not choose.
Additionally, an option to select all categories was included to streamline the process for
users who wish to view all available symptom categories.

On the second page, users are presented a list of symptoms from which they can choose
their speci�c symptoms. Custom additions are also possible to both the symptom cate-
gories and the symptoms, allowing users to enter options that were not initially listed.
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Figure 7: Onboarding - Symptom Categories & Symptoms

After selecting their symptoms, users are given the option to select which factors they
wish to track, allowing them to customize their tracking preferences. Deactivated factors
are then hidden from the app interface to reduce clutter. Factors can also be activated
and deactivated at any time through the settings, as indicated in the descriptive text.

Figure 8: Onboarding - Further Factors

Once users select the factors they wish to track, they are given options to enter details
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related to these factors, such as frequent activities, medications, or dietary intake options.
This functionality aims to further simplify the daily data entry process by allowing users
to save options they are likely to enter frequently.

Figure 9: Onboarding - Activities, Medications, Dietary Intake

Daily Entry The daily data entry methods were a crucial part of the thesis.

The �rst factor that was designed was the symptom severity entry. According to the
functional requirements, symptoms needed to be recorded individually, with severity
levels displayed using a scale. This scale was centrally positioned on the screen with
levels arranged vertically to optimize usability. It featured a color gradient from green to
red and ranged from 0 to 10, with labels indicating 0 (none), 1 (mild), and 10 (severe).

To ensure clarity and ease of use, the scale levels were presented in distinct boxes,
indicating that only whole numbers could be selected and facilitating direct interaction
through clickable numbers. A pointer was centrally placed on the scale, allowing users
to drag this to the appropriate severity level as an additional option.

In addition, a \Show Previous Result" toggle button was incorporated to enable users
to view their most recently entered severity. A progress bar was also included, which
advances with each symptom entry to provide visual feedback on how far the users are
in tracking their symptoms.
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Figure 10: Daily Entry - Symptoms

The next page designed for the data entry was the activity entry interface. On this
page, users are presented with a horizontal bar for each activity, which they can drag
to the right to adjust the duration of the activity. The selected activities that the users
frequently engage in are shown by default, facilitating a quicker data entry experience.

The duration of each activity is displayed above its corresponding bar, dynamically
updating as users adjust the scale. This also gives users the option to manually input
or modify the duration by clicking on the displayed value.

To accommodate infrequent activities, an option to add custom activities was also in-
corporated.
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Figure 11: Daily Entry - Activities

The requirements of the medication and supplement entry speci�ed users needed to be
able to add medications or supplements along with a note, while also collecting data
such as the amount and time for data visualization purposes, all while maintaining
simplicity.

Aiming to address these requirements, a search bar was incorporated into the page,
enabling users to view previously entered medications and also add new ones. The
amount, time, and notes were added as additional �elds.

To further simplify the process of entering new medications, a barcode scanning feature
was also integrated, allowing users to quickly and easily add medications by scanning
their barcodes.
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Figure 12: Daily Entry - Medications & supplements, Dietary Intake

Tracking dietary intake involves a broad range of possibilities in regard to what users
might want to track, including speci�c foods (e.g., paprika), food groups (e.g., high-
histamine foods, dairy, gluten), or dietary patterns (e.g., vegan, keto).

To simplify this process, users are given the option to enter their own categories. The
entries are saved as clickable factors for future selection to minimize repetitive typing
and ensure consistency in data entry.

Suggested options are also provided to guide users in selecting what they might want to
track.

To maintain consistency, the stress level entry was designed using the same scale as the
symptom entry. As both involve severity measurements, the goal was to provide users
with a familiar entry process, avoiding the need to adapt to a new method.
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Figure 13: Daily Entry - Stress level

Upon completing an entry, users are given feedback con�rming that the entry has suc-
cessfully been logged. A personalized message was incorporated into the page, to o�er
a sense of achievement, similar to earning a badge. This addition aims to introduce
motivating elements, such as personalization and subtle gami�cation, while avoiding
unnecessary clutter.

Figure 14: Daily Entry Completed
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The home screen of the app was designed as a dashboard, where users can enter and view
their data. Each tracked factor is displayed individually, however, a check-in component
was also included above all factors, allowing users to record all their data in one process,
eliminating the need to select each factor separately, if they want to enter all their data
at once.

A horizontally scrollable calendar was integrated into this page enabling users to quickly
navigate to nearby dates. For accessing older dates, a separate calendar icon was pro-
vided. A \Today" button was additionally included to o�er an easy way to return to the
current day.

Figure 15: Home Screen - Before and After Daily Entry

A feature for quick and accessible data entry throughout the app was integrated into the
menu bar via the plus sign.
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Figure 16: Quick Add Menu

Settings The settings allow users to toggle factors on and o� and to add or remove
entries as needed. For instance, as illustrated in Figure 17, users can remove a symptom
they no longer experience in the symptom settings, thereby excluding it from their daily
logging from then on.

Figure 17: Settings and Symptom Settings
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4.2.2. High-�delity prototype

Once the designs were completed, interactions were added to the prototype, resulting in
a click dummy which would be used for the expert evaluations.

4.3. Implementation

The app was primarily developed using TypeScript [6], which is compiled to JavaScript.
The user interface was built with React Native [3], a framework that integrates the
widely-used web technology ReactJS [2] with native UI elements across various plat-
forms. React Native o�ers the advantage of a single codebase that can be used across
multiple platforms, as its components do not rely on platform-speci�c code. While the
implementation for this thesis focused on iOS, this 
exibility enables easy transition to
other platforms, such as Android and even Watch OS platforms.

To implement the design components, such as styling and interactivity, Tamagui [5] was
chosen, due to its extensive range of components, which accelerated the development
process and facilitated customization of the user interface to align with speci�c design
systems. The comprehensive con�guration �le o�ered by Tamagui allowed for the app's
UI to closely match the prototype.

4.3.1. Architecture overview

The following Figure 18 presents an overview of the app architecture. Although Re-
minders and Data Exporters were not implemented in the scope of the thesis, the archi-
tecture overview displays them as modules part of the system, due to their importance
to the system as a whole.
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Figure 18: Architecture Overview

Matching the requirements of the DiGA guidelines According to the DiGA guidelines
for data privacy [13], the following requirements must be met:

ˆ In order to be successfully listed in the DiGA directory, an app must create an
account for each user. All user data must be linked to this accountand the users
must be able to use a pseudonym. Data that is no longer actively required must
be deleted within a grace periodequal to the duration the data was used, or a
maximum of 3 months, whichever is shorter. Furthermore,any data transferred
over a network must be end-to-end encrypted.

ˆ Data exports for DiGA-listed apps must use interoperable data formats, provide
an audit trail of exports, and inform the user of an export. Exporting data must
require user consent, and the exported data must be provided in a human-readable
format.

ˆ The service must attempt to minimize the amount of data collectedand the col-
lected data must have a purpose that is bene�cial to the user.

In order to assess which technologies were best-suited long-term to match the DiGA
guidelines, multiple storage technologies were compared. A summary of the comparison
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is presented in the following Table 4.

Tech /
Features

O�ine
�rst

Device
sync

Private
export

Data
sharing

E2E en-
crypted

Structured
data

Filesystem
/ custom
structure

3 , easy
to

develop

~,
limited,
platform
reliant

3 ~,
limited,
requires

documen-
tation

3 ,
possible

7,
di�cult

migration

PG 7 3 , data is
central-

ized

~,
possible
but not
private

3 , data is
central-

ized

7 3

SQLite 3 ~+,
platform
reliant

3 3 , share
SQLite

�les

~,
possible,
requires
imple-
menta-

tion

3

NoSQL /
Mon-
goDB

~,
possible

~,
possible

~ ~ 7 7

Table 4: Technology vs. Features Comparison

To ensure data privacy and guarantee that only the data the user actively submits for
export is sent, an o�ine-�rst data model was selected. This o�ers multiple bene�ts:

ˆ Data is stored o�ine-�rst, never leaving the device unless explicit consent is given

ˆ The encryption requirements for network transfers are only ever needed for exports,
not for every data point collected

Selecting a centralized database storage would have required the server to handle several
extra issues to achieve similar goals:

ˆ Row-level security needs to be con�gured properly so that user data is never sent
to the wrong user

ˆ Audit trails for all operations to ensure data never leaks to unauthorized entities

ˆ Strong security con�gurations on the server to ensure that only authorized entities
have access to the database

38



Additionally, a structured data model (e.g., SQL) was selected to ensure that future data
analysis features are built on a robust and well-organized foundation.

Unstructured data storage models could create di�culties migrating data to newer for-
mats, for example, if a user disabled automatic app updates and then switched between
multiple major versions. SQL-based databases have dedicated libraries to handle these
challenges, which is why DrizzleORM [1] was selected as the data access layer library.

SQLite [4] is an SQL-based database system that stores the entire database in a single
�le, making the database portable, aiding in easier data sharing.

One of the DiGA requirements state that usersmust have an account. It is necessary
to clarify whether a locally stored database tied to the user's device quali�es as an
account.

If a central database hosted on a server is required, a minimal authentication database
could be employed to store user credentials and the location of their SQLite database.
In this case, the centralized app server would store each user database as a separate
SQLite �le, ensuring that the data of each user is isolated from others.

4.3.2. Data model

The following data model in Figure 19 was designed to o�er users several con�guration
options whilst also making sure that a structured framework was maintained for e�ective
data analysis, as mentioned previously:
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Figure 19: Data Model

The 5 factors that can be tracked in the app are Symptoms, Activities, Medicine & sup-
plements (\Medicine" here), Dietary intake (\Food" here), and Stress. In the data model,
these are named SymptomDailyLogs, ActivityDailyLogs, MedicineDailyLogs, FoodDai-
lyLogs, and StressDailyLogs. These factors will be referred to astrackers.

With the exception of stress, each tracker has a list oftrackable data points, which are the
options that users can track, and these trackable data points are sorted into categories.
The trackable data points are named Symptoms, Activities, Medicine, and Food, and
their categories are SymptomCategories, Activity Categories, MedicineCategories, and
Food Categories in the data model.

In the app, users can select trackable data points from a list of prede�ned options as
well as add additional trackable data points to each tracker.

The trackable data points selected by the user are stored in the tables UserSymptom-
Trackers, UserActivityTrackers, UserMedicineTrackers, and UserFoodTrackers.
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If a user wants to disable a tracker (e.g., user does not wish to track medicine), the
information is stored in the UserSettings table.

4.3.3. Implementation

Creating an easy-to-use severity slider The severity slider was built as a reusable Re-
act component with the following interface:

1 interface Severi tySl iderProps {
2 value : number ;
3 onValueChange : ( value : number ) => void ;
4 previousValues ?: { date : str ing ; value : number }[];
5 showPrevious ?: boolean ;

The implementation uses the \react-native-gesture-handler" library for handling gestures
and utilizes the device's haptics engine to provide subtle feedback through soft and short
vibrations.

Users can either drag the cursor along the severity slider from 0 to 10, or click directly
on the slider to select a value.

To capture and react to these input methods, the component is wrapped in the following
component:

1 <GestureDetector gesture ={ pan}>
2 <GestureDetector gesture ={ press }>
3 {... component code }
4 </ GestureDetector >
5 </ GestureDetector >

To determine the nearest severity value during a drag or click event, the following algo-
rithm was developed:

1 // determine the nearest value , which is clamped between 0 and 10
2 // the actual calculat ion is :
3 // * y posit ion of the cursor ( f inger )
4 // * divided by the size of each severi ty box + gap between two boxes
5 const nearest = Math .min (
6 Math .max (0 , Math . f loor (drag .y / ( size + gap))) ,
7 10
8 ) ;
9

10 // only if the value has actual ly changed , give the user feedback about
it

11 if ( nearest !== currentValue ) {
12 currentValue = nearest ;
13 // value Posit ion is used to display the arrows along the value
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14 valuePosit ion = withClamp (
15 { min : 0, max : 10 * totalHeight } ,
16 withSpring ( nearest * totalHeight )
17 ) ;
18

19 // if the value has changed , a soft haptic feedback is cal led
20 Haptics . impactAsync ( Haptics . ImpactFeedbackStyle .Soft ) ;
21 }

This e�ectively allowed to dynamically adjust the size of the severity boxes, depending
on the amount of space available on the screen, whilst maintaining functionality.

If previous values should be shown, an array of previous values can be passed to the
component.

Implementing an activity slider The activity slider features a di�erent layout: it in-
cludes a horizontal slider for input and a numerical input box above it, allowing users
to also specify a value in minutes.

This component has a di�erent interface due to its additional con�guration options:

1 type HorizontalSl iderWithInputProps = {
2 // the current value as a percentage of the maximum value (0 -100)
3 value ?: number | undefined ;
4 onValueChange : ( value : number | undefined ) => void ;
5 // is cal led specif ical ly if the numerical input was changed
6 onInputValueChange ?: ( value : number | undefined ) => void ;
7 // a suff ix to display for numerical input f ield ( usual ly "min " , but

could be " hours ")
8 suff ix ?: str ing ;
9 // the label to display above the sl ider

10 label ?: str ing ;
11 // a funct ion that converts the % value back to a readable value for

the user
12 // e.g. 50% of 120 mins max -> (50) => "60"
13 valueToText ?: ( value : number ) => str ing ;
14 // a funct ion that can be called to determine at any given value if the

haptics
15 // engine should be called
16 // can be used e.g. to vibrate every 10 minute steps
17 // ( value ) => value % 10 === 0
18 shouldVibrate ?: ( value : number ) => boolean ;
19 }

The implementation is similar to the severity slider, however, the algorithm is slightly
di�erent:
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1 // given a width ( current value ) and a total width of the slider ,
determine the

2 // percentage value (0 - 1)
3 const widthToValue = (w: number , pw: number ) => {
4 return Math .min (1 , Math .max (0 , w / pw)) ;
5 };
6

7 const value = widthToValue (drag .x , totalBarWidth ) ;
8 const pValue = Math . round (value * 100) ;
9

10 if ( shouldVibrate ( pValue )) {
11 Haptics . impactAsync ( Haptics . ImpactFeedbackStyle .Soft ) ;
12 }

The �nal \MinutesSlider" was implemented as follows:

1 const MinutesSl ider = ({
2 value ,
3 onValueChange ,
4 max = 120 ,
5 min = 0,
6 label ,
7 }: {
8 value : number | undefined ;
9 onValueChange : ( value : number | undefined ) => void ;

10 max ?: number ;
11 min ?: number ;
12 label ?: str ing ;
13 }) => {
14 const clamped = Math .min (Math .max(min , value ?? min ) , max );
15 const val = clamped ? ( clamped / max) * 100 : 0;
16

17 const percentageToMinute = ( percentage : number ) => {
18 return Math . round (( percentage / 100) * max);
19 };
20

21 return (
22 <HorizontalSl ider
23 value ={ val }
24 onValueChange ={( next ) => {
25 if ( next === undefined ) {
26 return onValueChange ( undefined );
27 }
28 onValueChange (( next / 100) * max);
29 }}
30 onInputValueChange ={( next ) => {
31 if ( next === undefined ) {
32 return onValueChange ( undefined );
33 }
34 onValueChange (Math .min (max , Math .max(min , next ) ) ) ;
35 }}
36 shouldVibrate ={(v) => percentageToMinute (v) % 10 === 0}
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37 suff ix ={" min "}
38 label ={ label }
39 valueToText ={(v) => `${ percentageToMinute (v) } `}
40 />
41 ) ;
42 };

Reusing components The implementation of generic input methods helped accelerate
the development of the screens. For example, the activity UI employs the slider to cap-
ture user input and directly writes the value to the database:

1 export default funct ion LogAct iv i ty () {
2 const startOfToday = DateTime .now () . startOf (" day ") ;
3 const { data : act iv i t ies } = useLiveQuery (
4 db. query . userAct iv i t ies . f indMany ({
5 with : {
6 activi ty : {
7 with : {
8 logs : {
9 where : gte ( act iv i tyDai lyLog .date , startOfToday . toJSDate () ) ,

10 } ,
11 } ,
12 } ,
13 } ,
14 })
15 ) ;
16

17 return (
18 <KeyboardView
19 h ="100%"
20 f lex ={1}
21 f lexDirect ion =" column "
22 behavior =" padding "
23 borderTopEndRadius ={40}
24 borderTopStartRadius ={40}
25 backgroundColor =" $background "
26 >
27 <View p={32} h ="100%" f lexDirect ion =" column " flex ={1} zIndex

={0} >
28 <View
29 w ="100%"
30 posit ion =" relat ive "
31 f lexGrow ={0}
32 f lexShrink ={0}
33 >
34 <TouchableOpacity
35 style ={{
36 posit ion : " absolute " ,
37 top : 0,
38 r ight : 0,
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39 opacity : 0.5 ,
40 zIndex : 10 ,
41 }}
42 onPress ={() => {
43 router . back () ;
44 }}
45 >
46 <X size ={24} color ={"# B0B3C2 "} />
47 </ TouchableOpacity >
48 <Text fontSize ={" $8 "} fontWeight ={"600"} color ="

$textSecondary ">
49 What did you do today ?
50 </Text >
51 <Text fontSize ={" $6 "} fontWeight ={"400"} color =" $textMuted

">
52 Tip : Hold and pull the act ivi ty to the right to easi ly

adjust
53 the durat ion or enter the durat ion manual ly .
54 </Text >
55 </View >
56 <Scrol lView
57 w ="100%"
58 maxHeight ={"75%"}
59 f lexGrow ={1}
60 mt ={20}
61 backgroundColor ={" $background "}
62 borderRadius ={20}
63 >
64 <View h ={200} py ={20} >
65 <View flexDirect ion =" row" my ={2} just i fyContent =" space -

between ">
66 <Text
67 fontSize ={" $6 "}
68 fontWeight ={"500"}
69 color =" $textSecondary "
70 >
71 Add an activi ty
72 </Text >
73 <OpenInfoSheet />
74 </View >
75 <Input
76 placeholder =" Activi ty ..."
77 backgroundColor ={" rgba (57 , 50 , 85 , 1) "}
78 h ={42}
79 mb ={12}
80 />
81 <Text fontSize ={" $6 "} fontWeight ={"500"} color ="

$textSecondary ">
82 Your act iv i t ies
83 </Text >
84 <View flexDirect ion =" column " gap ={6} >
85 { act iv i t ies ?. map (( userAct iv i ty ) => {
86 return (
87 <MinutesDragSl ider
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88 value ={ userAct iv i ty . act ivi ty ?. logs [0]?. value ??
undefined }

89 onValueChange ={ async ( value ) => {
90 if ( userAct iv i ty . act ivi ty ?. logs [0]) {
91 await db . update ( act iv i tyDai lyLog ). set ({
92 value : value ,
93 }) . where (eq(
94 act iv i tyDai lyLog .activityId , userAct iv i ty .

act iv i tyId !
95 ) )
96 } else {
97 await db . insert ( act iv i tyDai lyLog ). values ({
98 id : `${ userAct iv i ty . act iv i tyId }-${ DateTime .

now () . toISO () }` ,
99 value : value ! ,

100 act iv i tyId : userAct iv i ty . act iv i tyId ! ,
101 date : DateTime .now () . toJSDate () ,
102 }) ;
103 }
104 }}
105 min ={0}
106 max ={120}
107 label ={ userAct iv i ty . act ivi ty ?. t i t le ?? " Activi ty

"}
108 />
109 ) ;
110 }) }
111 </View >
112 </View >
113 </ScrollView >
114 <View
115 mt ={10}
116 f lexGrow ={0}
117 f lexShrink ={0}
118 w ="100%"
119 px ={32}
120 f lexDirect ion =" column "
121 gap ={8}
122 >
123 <Button rightIcon ={< ChevronRight size ={24} color ={"# fff "}

/>}>
124 Continue
125 </Button >
126 </View >
127 </View >
128 </ KeyboardView >
129 ) ;
130 }

The implementation of the app was not completed, leaving certain features for future
development. However, the components that were implemented aim to provide a founda-
tion for further development. The link to the Git repository is provided in Appendix G
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and a screen recording of a walkthrough of the implemented app is available in Appendix
H.

4.4. Evaluation

4.4.1. Preliminary measures

For the evaluation, an expert interview was conducted where two participants were
invited to observe and evaluate the design concept. To maintain anonymity, the experts
will be referred to as E1 and E2.

E1 is an assistant professor with a background in movement sciences and currently works
primarily on citizen science projects, where patient expertise is integrated into research.
The current research E1 is involved in, mainly focuses on fatigue and self-management in
individuals with chronic conditions, making this expert an ideal candidate for an expert
interview. E2 is a junior researcher at an impact lab specializing in personalized health
technologies. E2 focuses on developing health technologies that support individuals
with chronic diseases, particularly through self-management. Currently, E2 is working
on a project aimed at developing technology to support individuals with chronic lung
conditions in self-management.

4.4.2. Study procedure

The interviews were conducted and recorded using the online conference software Webex.
During the interviews, the clickable Figma prototype was shared with the experts, who
then shared their screens, allowing the observation of their interactions with the app.
The interviews followed a semi-structured format, with speci�c tasks (see Appendix D) to
complete within the prototype (see Appendix E) whilst also allowing follow-up questions
to gain deeper insights into the experts' feedback.

The tasks aimed to simulate the experience of a long COVID patient using the app for
the �rst time, beginning with the onboarding process, followed by the entry of symptoms
and additional factors for the current day, and concluding with a brief exploration of the
user settings.

4.4.3. Data analysis

The expert interviews were transcribed using the Aiko app [31]. The qualitative data
was then analyzed using a method similar to the thematic analysis approach adopted for
the user interviews. The data was organized by the tasks that the experts were given,
which were treated as themes. The information from each interview was then combined
to provide a comprehensive overview of the expert feedback on the various features of
the app. The results of this analysis are presented in the subsequent section.
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4.4.4. Results of the evaluation

The feedback of the two experts will be presented in the sequence of the app walkthrough
to maintain coherence and clarity.

The �rst screen of the prototype was the home screen in its pre-onboarding state. E2
appreciated the concise welcoming text, noting that excessively lengthy text can diminish
user motivation. Additionally, E2 praised the color scheme, expressing that it avoids
con
icts and excessive brightness.

When selecting symptom categorieson the �rst screen of the onboarding process, E2
appreciated the colors of the buttons changing upon selection but suggested enhancing
intuitiveness by adding icons or symbols to the categories.

When selecting symptomsin the next screen, E2 appreciated the option to add custom
symptoms but questioned why additions were not possible for the \fatigue" category.

When selecting further factors to track, E1 identi�ed an issue with the title \Select
additional things you would like to track", stating that the title suggested an action con-
trary to what users needed to perform on the page, which was deselecting pre-selected
options if they did not wish to track these. After explaining that this design decision
had been made to encourage users to track more factors, E1 recommended changing
the title to better re
ect the expected user interaction. After also experiencing di�-
culty realizing that factors were selected by default and needed to be deselected, E2
likewise recommended ensuring coherence between titles and expected actions but ad-
ditionally expressed concern that having all factors pre-selected might overwhelm some
patients. E2 also questioned whether users would understand the use of toggle buttons
and suggested exploring alternative buttons to enhance intuitiveness. After deselecting
the factor \stress level", E2 appreciated the color change, noting that it now clearly
indicated the factor had been deselected.

When selecting activities to track, E2 appreciated that the suggested activities were
tailored to the needs of long COVID patients, focusing on low-intensity rather than
high-intensity exercises, noting that this could subconsciously motivate patients to try
out some of these activities for symptom management.

When entering medications and supplements, E2 appreciated the use of the barcode
scanner.

In the �nal section of the onboarding process, whenselecting dietary intake factors,
E1 noted that it could be bene�cial to provide users with information on why certain
foods or food groups had been suggested, recommending that users could either �nd this
information directly on the page or have the option to access additional sources. E2
suggested implementing a barcode scanner for scanning foods, similar to the one used
for medications and supplements. E2 also noted that the term `dietary intake' should
be added to this page for clarity.

48



Once the onboarding was completed, the experts were asked about how they expected
to enter data. Both experts stated the expectation to enter data by clicking on the
separate factors (e.g., Symptoms, Activities, Medications, etc.), which is one of the
correct methods. Despite some uncertainty, E2 also correctly identi�ed the option to
add symptoms, activities, etc., using the plus button in the menu. However, neither
one of the experts recognized the \daily check-in" option, which allows all factors to be
entered consecutively, aiming to simplify data entry for users who wish to log all data
at once. E2 also mentioned expecting to answer a few questions as part of the check-
in. After clari�cation, E1 suggested enhancing the design to make the feature more
prominent and intuitive and E2 suggested adding a tip to better explain the function.

Both experts encountered di�culty recognizing that the current page was the home page.
While examining the home page, E2 also proposed integrating data from smartwatches
to streamline data entry for data such as daily activities.

Next, the experts were asked to log their data for the current day.

When logging the severity of their symptoms, both experts appreciated the design of
the severity scale and its color gradient. E1 additionally highlighted the utility of the 0
to 10 numbering system and the labels ranging from \none" to \severe". E1 expressed
the expectation to enter whole numbers and that selecting a value would display the
next symptom, both of which were con�rmed. E2 found the arrow confusing, stating
that users could mistake this for a pre-entered value and emphasized the need for some
kind of feedback to con�rm the entered value. E2 also suggested using a di�erent color
for symptom names, noting that they blend into the page, potentially causing users
to overlook the transition to the next symptom. Both experts appreciated the option
to view data from the previous entry, E1 explaining that many users compare their
current condition to the previous day. E1 appreciated that each symptom was entered
sequentially, stating that this avoided clutter, adding that the progress bar served as an
e�ective motivational tool by allowing users to see how far they were in the data entry
process. Additionally, E1 recommended adding a back button to allow users to easily
return to the previous page during the data entry process, noting that swiping right
to navigate back might not be intuitive for users of all age groups. E1 also suggested
considering enabling multiple symptom entries per day to capture varying severities.

When logging activities, E1 quickly recognized the adjustable sliders and the option to
manually enter the duration, and E2 noted the bene�t of the given tip, suggesting that
the fact that the minutes could also be entered manually should be added in the tip. E2
also noted that it was unclear why there was the option to add another activity after
the activities had been added in the onboarding. This prompted the idea of adding
an info button. E1 expressed concern about horizontal scrolling potentially triggering
discomfort for patients sensitive to scrolling. Although the assumption during the design
phase was that horizontal scrolling would be less problematic than vertical scrolling, as
the only moving element is the slider itself, which should strain the eyes less, this requires
validation through user testing. A potential solution that could also be considered in

49



future work would be to incorporate a setting that allows users to further minimize
movement within the app.

When logging medications and supplements, E2 appreciated the inclusion of supple-
ments, noting their importance for some patients and E1 appreciated the barcode scan-
ning feature. E1 expressed concern about the inconvenience of logging medications
individually, particularly for users who wished to log multiple daily medications and
suggested implementing a pre-�lled list with the option to remove individual medica-
tions. However, it was also mentioned that incorporating the option for users to input
the amount and time of each medication, if required, could present a challenge within
this design suggestion. Regarding the issue of having to log medications individually,
E2 agreed that manual entry can be time-consuming and demotivating and suggested
allowing users to group medications to streamline the process.

When logging the options for dietary intake, E1 appreciated the feature suggesting vari-
ous factors to track, allowing users to monitor a wide range of options. E1 noted that this
approach could also bene�t future research, particularly given the limited understanding
of factors in
uencing long COVID.

E2 appreciated the personalized message displayed after the entries had been completed,
explaining that it e�ectively employed behavior change techniques and added a subtle
element of gami�cation. E1 stated that the primary motivation for self-tracking is in-
trinsic.

When asked toadd stress levels back as a factor to log, E1 initially found it challenging to
understand that this was incorporated into the user settings. E2 contemplated between
the plus button in the menu and the user settings but ultimately navigated to the user
settings. E2 did however later appreciate the use of icons in the menu that opened
through the plus button.

After logging the stress level, E1 suggested positioning this underneath the symptoms
on the home page, since stress is closely related to the symptoms.

After seeing the user settings in the previous task, when asked toremove a symptom
that no longer a�ects the patient, E1 found the process of removing a symptom straight-
forward. E2 �rst attempted to click on the three dots next to the symptoms on the
home screen, but since this functionality was not implemented in the prototype, E2 then
navigated to the user settings and successfully removed the symptom. E1 appreciated
the popup message, noting that it e�ectively addressed concerns about whether the data
associated with the symptom would also be deleted upon its removal, but suggested
changing the terminology of \deleting a symptom" to avoid confusion.

While discussing further features of the app, E1 advised against integrating a social
function (the \Community" tab) within the app, highlighting �ndings from previous
research indicating that users tend to prefer self-tracking apps to be separate from social
apps. E1 also emphasized the importance of community forums requiring moderation
and expressed concerns about potential user demotivation from negative posts. Instead,
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an \Information" tab was discussed for future work, to provide users with bene�cial
information.

When asked about thoughts on the community tab, E2 noted that a network could be
bene�cial for users, also recognizing that some individuals have a need to share their
stories and receive support, though this might not appeal to everyone. E2 suggested
including an option to deactivate the community function, allowing each user to decide
for themselves, and also suggested limiting certain functions to prevent misuse.

4.4.5. Final design concept

The expert evaluations yielded a valuable list of improvements for the design concept.
Several of these suggestions were incorporated into the �nal design, however, due to
constraints such as limited time and resources (e.g., for user testing), some improvements
were deferred to future work.

In the symptom category selectionsection of the onboarding process, icons were added
to the categories to improve intuitiveness.

In the symptom selection section, the option to add custom symptoms was also added
under the category `Fatigue.'

In the further factor selection section, the initial state of the factors was changed from
pre-selected to not selected to ensure coherence between the title and the expected user
actions. An alternative approach would have been to modify the title from \Select the
additional factors you would like to track" to \Deselect the additional factors you do not
wish to track," however, the decision was made to maintain the overall consistency of the
onboarding process and ensure that the format was consistent with the other questions
that prompt users to \select" factors.

In the dietary intake factors selection section, an `info' button was added to explain
why certain foods or food groups are suggested. Additionally, a barcode scanner was
integrated to facilitate easier input of food items, and the term `dietary intake' was
included in the section title for better context.

The design of the `Check-in' box on thehome pagewas enhanced to align with the other
factor entry buttons, aiming to increase its visibility and indicate that it is interactive.
Furthermore, the text within the box was updated to provide clearer guidance on its
functionality, making it more intuitive for users.

In the symptom entry section of the daily log, the color of the symptom names was
improved to enhance visibility.

In the activity entry section, an explanation that users can manually enter the time by
clicking on the time �eld was added to the tip. Additionally, an `info' button was placed
next to the option to add an activity, to explain the intention behind this option, which
is to allow and promote users to record one-time or infrequent activities.
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The medication and supplement entry section was redesigned to allow users to log mul-
tiple entries simultaneously. In response to expert feedback, a pre-�lled list was imple-
mented, enabling users to quickly select and remove medications that were not taken on
a given day.

`Back' buttons were addedthroughout the app to improve user experience in terms of
navigation, allowing users to return to previous screens easily.

Additionally, the terminology `delete a symptom' was changed to `stop tracking a symp-
tom' in the symptom settings.

The �nal design concept, incorporating the aforementioned improvements, is presented
in the following Figures 20, 21 and 22. The improved clickable prototype can be found
in Appendix F.
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